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Abstract

Why do some national education systems consolidate as centralized, state-led institutions
while others consolidate as decentralized institutions with dispersed political authority? This
article examines the historical origins of national education systems and theorizes that the ter-
ritorial distribution of infrastructural power matters more for educational development than
overall levels of state capacity (e.g. military size or tax collection). Rather, the central state’s
ability to collect and disseminate detailed population data throughout the national territory is
an important predictor of education centralization. Ruling elites value centrally-governed mass
education as a means to legitimate their authority, but face constraints in pursuit of its de-
velopment. The even distribution of informational capacity and complementary infrastructure,
such as transit and communication routes, allows elites to impose new institutions further and
further from the political center. The more enumerative capabilities the central state exerts
throughout its territory, the more likely it is to monopolize education at the national level over
time. To test the effects of state infrastructural power, this paper introduces a composite mea-
sure of centralized education based on an original historical dataset of educational reforms in
forty-five countries from 1800 to 1970. Controlling for potential confounders such as regime type
and economic modernization, and holding state capacity constant, the results provide strong
supportive evidence of the relationship between education centralization and the distribution of
infrastructural power—specifically, the administration of comprehensive national censuses.
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1 Introduction

Since Prussia introduced its model of compulsory education to the world stage, virtually all modern

states have established a system of universal basic education. Yet, to date, few countries achieve

national education regimes that could be described as “education leviathans,” or public education

systems in which the authority of the central state dominates the educational arena.1 By the end of

the 19th century, for example, France, Argentina, and Sweden controlled curricula, teacher train-

ing, and school organization at the federal level; meanwhile, many other countries granted greater

autonomy to local and private actors. Why do some national education systems consolidate as

centralized institutions while others take shape as decentralized systems governed by dispersed po-

litical authority? This study examines the historical origins of national education systems. While

education centralization is not a relevant predictor of the quality of schooling or educational at-

tainment,2 the role of state education in collective identity formation, elite legitimacy, and cultural

politics is well-documented (P. Bourdieu, P. P. Bourdieu, and Passeron, 1990; Hler et al., 2011;

Weber, 1976). The political foundations of education centralization, however, remain less scruti-

nized. I argue that the central state’s ability to collect and disseminate detailed population data

throughout the national territory is an important predictor of education centralization, but not its

fiscal or military capacity.

Prior accounts of educational development attribute a number of factors to the expansion of

education systems. Some scholars explain institutional variation in public education as a function of

party system formation (B. Ansell and Lindvall, 2013; Lipset and Rokkan, 1967), while others focus

on the relationship between inequality and economic modernization in early republics (Engerman,

Mariscal, and Sokoloff, 2009). However, there is evidence that educational development is less a

function of creeping democracy than of the interests of ruling elites. For rulers focused on military

competition, education played a central role in military expansion (Aghion, Persson, and Rouzet,

2012), while across many countries the diffusion of the “nation-state” model (Boli, Ramirez, and

Meyer, 1985; Meyer, Ramirez, and Soysal, 1992) handed elites a tool to reshape the post-ancien

1For example, even the establishment of centralized ministries of education does not guarantee the centralization
of compulsory schooling. See Figure 16.

2The top ten reading scores by country on the 2015 Programme for International Student Assessment repre-
sent a mix of centralized (ex. Japan, Singapore) and decentralized (ex. Canada, Ireland) education systems. See
https://www.oecd.org/education/singapore-tops-latest-oecd-pisa-global-education-survey.htm.
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régime political order in the image of the dominant culture (Gellner, 2006). However, education

systems differ along a number of important dimensions not captured in these extant theories, such

as the role of the central state in regulating curriculum, or the authority of local and traditional

actors in school provision. Neither military competition, regime type, nor party systems offer a

complete picture of institutional development in public education, even as these factors help explain

aggregate outcomes such as school enrollment, public spending, or literacy.

In this paper, I argue that the informational capacity of the state played an important role

in allowing elites to set up national primary school systems. By informational capacity, I mean

the ability to “collect, process and publish reliable information about ‘persons, activities, and

resources within their government’s territorial jurisdiction’ [. . .] including economic production,

consumption, and social organization” (Brambor et al., 2016, p. 5). My theory distinguishes this

form of state capacity from indicators of overall state capacity often used to measure state strength,

such as fiscal and coercive capacity. The reason why a sufficient level of informational capacity was

necessary to set up a regulated, national primary education system is that public education is highly

information-intensive, logistically complex, and administratively costly to govern from the political

center.3 During early periods of state-building, regimes often face an environment of material

scarcity and political uncertainty. Given that rulers value political survival, the decision to develop

and consolidate a national education system introduces trade-offs with other tools in a regime’s

“state-building” portfolio that are necessary to remain in power. Before rulers can centralize control

over education, they need to ensure that they can monitor and enforce decisions throughout the

country. However, the state’s capacity to collect and disseminate information about the population

may or may not be evenly distributed throughout the national territory. Where the informational

capacity of the state is spatially uneven, or otherwise limited, the state is unable to centralize

governance over education.

First and foremost, states that establish informational capacity beyond the political center can

collect data that governments use to make logistically complex decisions. For example, state access

to household-level data on the age and number of children is necessary to implement projects that

3By centralization, I refer to the institutionalization of the central state’s authority to mandate schooling and
organize education provision via administrative, fiscal, and curricular control. This includes the introduction of
national laws, such as compulsory education laws and guaranteed free tuition, to the establishment of government
agencies, such as education ministries and normal schools with broad authority to regulate teacher training, textbooks,
and academic standards.
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are socially disruptive like compulsory school attendance. Second, states where public officials can

efficiently share information across levels of government and throughout the national territory are

able to monitor the results of decisions made from the center and respond to challenges as they

arise. Finally, fewer limitations on the physical “reach” of the central state allow governments to

send officials throughout the territory for the purpose of monitoring citizens and enforcing decisions,

including teachers trained in government normal schools or administrators sent to supplant religious

authorities that held de facto power over school provision.

The theory derives three complementary empirical implications based on this basic setup. In

short, education centralization is more likely to occur where 1) the state has informational capacity

to reliably collect detailed population data; 2) the communications infrastructure exists to share

information over distances; and 3) there is sufficient transportation infrastructure to move officials

throughout the national territory.

To test these hypotheses, I introduce an original historical dataset on the comparative insti-

tutional development of mass education systems in forty-five countries from 1800 to 1970, con-

centrating on Europe and the Americas. The empirical strategy exploits a panel data framework

using novel measures of state capacity that proxy for the geographic reach of the central state.

Specifically, the analysis focuses on the state’s ability to collect information and monitor the popu-

lation throughout the territory it governs using national census, post offices per capita, and railway

density as key measures of subnational state capacity. Controlling for potential confounders such

as economic growth, modernization, and regime type, I show strong supportive evidence of the

relationship between the geographic reach of state infrastructural power, particularly informational

capacity, and education centralization. To preview results, panel least squares estimates with coun-

try fixed effects show that every additional comprehensive population census administered over time

is expected to increase education centralization by between 2 and 5 percentage points. Robustness

checks show a consistent and statistically significant relationship between informational capacity

and education centralization across multiple specifications and model types, including difference

generalized method of moments (GMM) estimation. The findings also show some positive support

for the role of communications and transportation infrastructure as captured by postal and railway

density, respectively. I also show a weak statistical relationship between coercive and fiscal capacity

and education centralization, thus providing confirmatory evidence that forms of state capacity that
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capture overall levels are insufficient contributing factors to centralized mass education. Rather,

it is specific types of state capacity and its distribution that matter to institutional development

during state-building.

This project makes several contributions. First, I show that the role of state capacity in state-

building is more dynamic than previous literature suggests. Comparative research in political econ-

omy and economic history often focus on effects of overall state capacity on economic development,

specifically coercive, legal, and/or fiscal capacity on compliance and bureaucratic development

(Besley and Persson, 2011; Ingesson et al., 2018; Levi, 1989). This paper draws on comparative

sociological scholarship (Mann, 1986; H. Soifer and Hau, 2008) to more carefully consider the types

of state capacity that matter most to the formation of complex social institution, such as centralized

mass education. This paper offers a novel examination of the argument by leveraging new measures

of the state’s reach to explore variation in educational development. Second, by examining the his-

torical origins of national education systems in Western nation-states, the findings suggest empirical

implications that can be extended to educational development in contemporary post-colonial and

developmental contexts. Like 19th century states facing uneven and weak state capacity, many

countries in the developing world struggle to collect reliable and comprehensive population data

and are yet to establish a national school system governed from the political center. Thirdly, this

project seeks to connect the growing literature on the comparative politics of education (Gift and

Wibbels, 2014; Moe and Wiborg, 2016) with broader questions on the co-evolution of states and

mass education that has largely remained within the purview of sociological and historical research

(Boli, Ramirez, and Meyer, 1985; Brockliss and Sheldon, 2012; Meyer, Ramirez, and Soysal, 1992).

The rest of this paper develops the theoretical argument and motivating assumptions. First,

I situate the argument in the broader context of state formation and the importance of mass

education to the legitimation of new polities that displaced colonial and absolutist rule during

the long nineteenth century, primarily in the Latin American and European context. I then offer

theoretical support for the role of informational capacity and infrastructural power in educational

development and specify testable implications. The remainder of the paper introduces an original

dataset of educational development and subjects the main hypotheses to econometric analysis.
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State Formation, Rationalization, and the Development of Mass

Education

The institutional dimensions of educational development are beyond the scope of most political

economic theories of development. Scholars such as Engerman, Mariscal, and Sokoloff (2009)

suggest that post-colonial states that inherit strong economic institutions, and therefore experience

higher and more equally distributed growth among the population, are likely to have higher levels of

local state capacity to provide schooling en masse than states with extractive economic institutions.

In countries defined by extractive economies, the central state is the main actor with the capacity

to intervene in education. The divergence between North American and Latin American economic

institutions and patterns of school provision between 1800 and 1925 supports their argument; but

their approach offers no clear predictions for variation across or between education systems that

developed as more or less centralized regimes.

More vexingly, there are very few comparative empirical studies of education centralization that

provide analytical departure points for the question at hand. One exception is recent scholarship

by B. Ansell and Lindvall (2013) focused on the partisan dimensions of educational development,

which specifies more concrete insights into education centralization. Their study directly theorizes

and tests the relationship between politics and the institutional arrangements of primary education

systems. They observe that ideological factions channeled through party system formation in Eu-

rope between 1870 and 1930 explain cross-national variation in financing, church-state separation,

and centralized regulation of primary instruction. In post-colonial Latin America, however, stable

party systems did not exist until long after institution-building in education began, nor did the ide-

ological disputes among creole elites map onto the contours of Western European political parties

(Drake, 2009; Simon, 2017). More importantly, their measurement of centralization is unidimen-

sional and omits other important factors that indicate the expansion of the central state’s authority

over mass schooling, such as curricular control or the policy autonomy of education ministries.

The question of how and why states establish centrally-governed systems of compulsory public

schooling forces a more complex characterization of the state itself. The state is not just, in a We-

berian sense, a coercive, bureaucratic, and revenue-maximizing organization; it is also a monopolist

of social life. To better understand educational development, the characterization of the state as
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“a ‘pastoral’ organization that claims clear priority (if not complete monopoly) over the legitimate

means of socialization within a given territory” is equally instructive (Gorski, 2003, p. xvi). It is

this conception of the state that informs the theoretical foundations of this article with respect

to the interests and incentives facing ruling elites in their attempts to assert authority in social

domains, such as mass education.

National education, unlike most state institutions, sits at the nexus between state-building and

nation-making. The dual purpose of educational development entails political competition over

ideational and material resources.4 Who controls these resources, and how, has lasting implications

for the institutional and ideological landscape of modern states. This account of state educational

development departs from redistributive theories that focus on the political economy of education

spending (B. W. Ansell, 2010; Lindert, 2004). Rather, this study explores the institutional dimen-

sions of educational development. On the one hand, mass education serves a state-building function

by expanding the “legibility” of the population living within the national territory (Scott, 1998).

While the raison d’être of the state is the monopolization of coercive and fiscal capacity in order

to maintain legitimate rule, the institution of compulsory schooling also serves to expand state

power. On the other hand, mass education serves a nation-making function by accelerating the

process of collective identity formation and cultivating values consistent with the interests of the

ruling regime (Anderson, 2006; Gellner, 2006; Meyer, Tyack, et al., 1979). Education, then, has the

latent potential to legitimate public power among society. The monopolization of education by the

central state, when realized, represents one of the most ubiquitous forms of the public regulation

of social life (P. Bourdieu, P. P. Bourdieu, and Passeron, 1990; Melton, 1988).5

Political elites that take the reigns of new states in the wake of the collapse of the ancien political

order have incentives to develop institutions capable of legitimating the emerging political order,

and to seize control of existing ones. Mass education is one of the primary tools of legitimation

available to governments (Coleman, 1965; Gellner, 2006). Therefore, I assume that elites in non-

democratic and nascent regimes want to provide (and control) mass schooling despite the absence

4Alternatively, we can refer to education as a field of power in which state actors seek to expand both infras-
tructural and symbolic power. For a concise summary of Bourdieu’s analysis of the state in this regard, see Swartz
(2013).

5While prisons are also indicative of the state’s effort to maintain social control, not every citizen passes through
the criminal justice system. However, virtually all citizens engage directly with the education system or the tax
collecting apparatus, whether as children or adults.
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of popular demand for redistribution (Archer, 1979; Paglayan, 2017, 2018). Recent scholarship

on the expansion of mass education demonstrates that central government intervention in primary

education precedes the introduction of universal male suffrage by ninety years on average (Paglayan,

2018).6 In other words, ruling elites—not voters or social movements—are the main actors steering

educational development during early periods of state-building. Centrally-governed mass education

is a disruptive, highly information-intensive, and complex institutional innovation of modern states.

While ruling elites may hope to achieve a national education system, their ability to undertake the

political project of mass schooling is subject to a number of constraints endemic to the complexity

of education governance.

There is broad scholarly consensus that the pursuit of social order amenable to the designs of

sovereign statehood is a fundamental aim of ruling elites (Mitchell, 1991). New regimes seeking

to govern over the long-term inevitably come up against the geographic and symbolic limits of

their authority, especially where the central state’s ‘capacities’ are disconnected from the societies

they govern. By rendering the population’s identity congruous with the routines of the state,

governments can rely less on coercion to gain compliance over time (Joel Samuel Migdal, Kohli,

and Shue, 1994). The central state’s ‘rationalization’ of the population and national territory

through enumeration is an important precondition for the project of collective identity formation.

As James C. Scott keenly observes:

The utopian, immanent, and continually frustrated goal of the modern state is to reduce

the chaotic, disorderly, constantly changing social reality beneath it to something more

closely resembling the administrative grid of its observations [. . .] The aspiration to

such uniformity and order alerts us to the fact that modern statecraft is largely a project

of internal colonization, often glossed, as it is in its imperial rhetoric, as a ‘civilizing

mission’. (Scott, 1998, p. 82)

Arguably, the institution of centralized public education represents the apotheosis of the ratio-

nalization in these terms. The spread of state education in Europe supports the centrality of mass

schooling to the political legitimacy of newly independent states (Ramirez and Boli, 1987). This

6This finding underscores why, if we want to understand the formation of national education systems, we need to
look at elites in non-democratic periods. Indeed, my own comparative data on educational development show that
the majority of independent states introduced compulsory primary education prior to substantive democratic rule.
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was no less the case in post-independence Latin America. Throughout the 19th century creole elites

struggled to reproduce existing social and economic hierarchies that secured their interests, on the

one hand, while also inventing new civic identities, on the other (Caruso, 2010a; Simon, 2017).7

The project of a national education system governed from the political center is inextricably tied

to that of rationalization. Many governments relied on census and other sources of statistical in-

formation to get the ‘lay of the land’ when adjudicating between state-building and nation-making

priorities (Brambor et al., 2016). In pursuit of the latter priority, I argue that the central state’s

informational capacity to monitor and “standardize” the population is an important determinant of

the consolidation of national education systems. There is historical evidence that population data

collection throughout national territories serves the expansion and centralization of mass education

across European states and post-colonial republics in Latin America.

In 19th century France, the state regularly deployed enumerators to conduct surveys of urban

and rural inhabitants. Weber (1976) shows that government monitoring was essential to compulsory

primary education, which itself was a fundamental part of shaping a fragmented society into a

cohesive identity. School inspectors were introduced in 1833 by the Minister of Public Instruction,

François Guizot, to enforce the new education law requiring one elementary school per commune

and government-certified normal schools to train teachers. Between 1833 and 1847, the number

of primary schools increased by 100 percent and the number of students enrolled increased by 200

percent (Weber, 1976, p. 307).8 The groundwork laid by Guizot during the July Monarchy would

eventually pay dividends for the further consolidation of the French education system during the

Third Republic under the Jules Ferry reforms.

In Latin America, influential elites understood the importance of population censuses to realiz-

ing their goals of establishing primary education systems capable of creating citizens. In Argentina,

intellectual and politician Domingo F. Sarmiento lobbied aggressively to institute mass primary ed-

ucation in order to ‘civilize’ what he viewed as a largely backward, ungovernable society beyond

the boundaries of the Buenos Aires province.9 Sarmiento saw the national census as an important

7In Latin America, the “traumatic experience of the end of the old order [...] was a central determinant in the
elaboration of new educational policies” aimed to reshape old ‘inherited’ identities, particularly for mestizo subjects
living on the periphery of criollo society (Caruso, 2010a, p. 413).

8Weber’s sweeping study itself is a testament to the meticulous record-keeping and monitoring capabilities of
state officials charged with rationalizing the French state over the course of the 19th century.

9Sarmiento’s focus on primary schooling throughout his political career took on an almost revolutionary zeal.
After the collapse of the Rosas dictatorship, Sarmiento writes: “The first stage of a new government [. . .] will

9



step toward this goal.10 In a letter to the Venezuelan Minister of Foreign Affairs in 1870, Sarmiento

(then President of the Republic) advocated for a strategy of increasing primary school enrollment

that “consists of counting by the census the number of children, calculating the cost of each one’s

education, and imposing a special contribution to cover the expense” (D. F. Sarmiento, Montt,

and A. B. Sarmiento, 1900, p. 19).11 Elsewhere in South America, population data informed the

expanding role of the state in education. In neighboring Chile, for example, the Elementary In-

struction Law of 1860 was designed to mandate the construction of primary schools in proportion

to inhabitants based on population counts from the General Census of 1854. Historians suggest

that the 1854 census was a major milestone for education that allowed the central government to

understand the geographic limitations of its reach and develop education policy to target areas

where it had a complete accounting (Léon, Rengifo, and Serrano, 2013).

It was not just the introduction of the census that contributed to the mission of civilization

and popular legitimacy in Latin America, but also complementary forms of state infrastructure,

such as communications and transportation networks. As Sarmiento writes in 1874, five years after

Argentina’s first national census of 1869:

The Ten-Year Census, the Commercial Statistics, and the memories of the Ministers of

Government and Public Instruction [. . .] indicate some of the factors that have helped

to calm down the old disturbances, and contributed to the improvement of the customs

of the people. Thousands of schools have been exercising their civilizing influence in

all points of the Republic, telegraphs and railways have put the population in more

intimate contact, and these improvements that are like visible posters to all the eyes,

have propitiated the popular mind to government regulatory action (D. F. Sarmiento,

Montt, and A. B. Sarmiento, 1900, p. 24).12

By 1884, Sarmiento’s vision was realized with the sweeping Law 1420 that instituted a public

be to organize public education [because] a people that vegetates in ignorance is poor and barbaric” (Homenaje
a Sarmiento, 1988, p. 46)

10Sarmiento, after learning from the census of 1869 that at least two thirds of the population over sixteen years of
age were completely illiterate, lamented sarcastically that the “barbarity of the people advances at the same time that
the learned oligarchy, to which we that we have the honor of belonging, feels more proud” (Homenaje a Sarmiento,
1988, p. 46).

11El Presidente de la Republica, Buenos Aires, Abril 11 de 1870, a Senor DJ Rojas Paul, Ministro de Relaciones
Exteriores de los Estados Unidos de Venezuela

12Sarmiento a Senor Giuseppe Barbieri, La Tribuna, Diciembre 2 de 1874, Presidente del Circolo Frentano scien-
tifico, litarario, artistico, con biblioteca popular
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compulsory and free primary education system under the direct authority of the central government

(Narodowski and Manolakis, 2002). The percentage of the school-aged population enrolled in

schools went from 16% in 1880, only four years prior to the new law, to 40% by 1900. By comparison,

school enrollment in Chile only went from 14% to 19% over the same time frame between 1860 and

1875 following the Elementary Instruction Law, which stopped short of instituting strict compulsory

attendance across the country.13

The historical record strongly suggests that informational capacity, likely in combination with

supporting infrastructure, allowed states not just to intervene in expanding primary education

but also to monopolize control over mass schooling at the national level. The discussion that

follows offers a theoretical synthesis of sociological understandings of state formation—that ruling

elites pursue educational development as a form of symbolic power and legitimation—and political

economic theories of policy constraints to explain the political centralization of national education

systems.

Why Centralize? The Political Foundations of Educational Control

The theoretical framework I propose here focuses on the role of uncertainty in political (policy)

choices. During early periods of state development, ruling elites, operating in an environment of

scarcity and political uncertainty, face a number of constraints when allocating resources toward

institution-building. New institutions that are particularly disruptive to existing social relations

(e.g. mass education) risk provoking a political response that may jeopardize the regime’s survival

in the short-term. The main constraint is the question of whether there is sufficient capacity to

introduce new institutions while maintaining political order. Overall levels of state capacity that

regimes in developing contexts rely on to keep order (i.e. fiscal and coercive capacity) are highly

variable and more important to political survival in the short-term (Besley and Persson, 2009;

Olson, 1993).

What matters most for the argument presented here, however, is the distribution of state

infrastructural power between the center and the periphery. By infrastructural power, I defer

13Enrollment figures based upon data from Barro and Lee (2001). The Chilean state did not institute a national
compulsory primary law until 1920 despite subsidizing student fees for poor children since the 1860 law (Léon, Rengifo,
and Serrano, 2013).
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to scholars who define it as “the capacity of the state to actually penetrate civil society, and

to implement logistically political decisions throughout the realm” (Mann, 1984, p. 189).14 The

availability and reach of different state capacities in turn constrains the ability of the central

government to impose new institutions throughout the periphery (H. Soifer and Hau, 2008). For

the rest of this paper, infrastructural power will exclusively refer to the distribution of state capacity;

alternatively state capacity will be used to refer to aggregate levels in state capabilities, such as

coercive or fiscal capacity. In line with scholarship that finds that infrastructural power shapes

state-building and nation-making outcomes (Hau, 2009; H. D. Soifer, 2009), I will make the case

that, holding levels of state capacity constant, the “evenness” of infrastructural power matters as

a fundamental constraint in the development of mass education.

The reason that the distribution of infrastructural power matters more than state capacity

levels is because elites governing from the center do not make institutional choices based on how

current levels of capacity compare to other states at the time they introduce a similar institution.15

Rather, central governments consider a combination of factors. On the one hand, leaders have to

weigh the political benefits of an institutional choice; on the other hand, they have to consider

whether asymmetries in information and state capabilities favor competing sources of authority in

regions likely to resist such a choice. In this context, the state trades off between 1) investing in

the regulated provision of mass schooling throughout the territory, typically at the risk of conflict

with actors vested in the educational status quo, and 2) shoring up alternative domains of state

capacity. In other words, the state can invest in a costly national education system that yields

political benefits down the line (to increase legitimacy and symbolic power vis-á-vis society) or can

hire more soldiers and tax collectors now (to maintain regime survival).

This rest of this paper further specifies a theory of educational development that highlights

how infrastructural power shapes the centralization of national systems of primary and lower-

secondary schooling. The argument begins with an set of propositions regarding the constraints

14Infrastructural power refers to what Scott (1998) describes as the available technologies of the central state to
enumerate and regulate political, social, and economic life. As an alternative to political economy concepts of state
capacity (Besley and Persson, 2009), infrastructural power is a more analytically appropriate concept for examining
the institutional origins of specific practices of the state, such as education, policing, and revenue collection (Joel S.
Migdal, 2009).

15To put it another way, President Lizardo Montero Flores of Peru was unlikely to compare the size of his military
and tax revenue as a proportion of GDP in 1883 to that of France right after the Jules Ferry Reforms to decide
whether the Peruvian state is capable of implementing a robust and comparable system.
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and trade-offs facing governing elites deciding between developing a national (public) education

system, or neglecting educational development in favor of other priorities. I extend the insights of

the political business cycle, particularly the intertemporal choice problem facing ruling elites, to the

unique conditions of state and nation-building during the long nineteenth century to explain the

political centralization of education (Hobsbawm, 1962, 1975, 1987).16 The theory offers potential

causal mechanisms underlying cross-national variation in the development of national education

systems.17 From the main argument I derive several empirical implications from the expected

relationship between state infrastructural power and education centralization. First, a discussion

of key assumptions and conceptual issues is in order.

First, the initial development of national education is, at its core, a largely undemocratic and

elite driven project. For simplicity, I consider two groups: peripheral elites, or those who believe

that any state involvement in education should largely uphold the traditional social order, and are

therefore likely to contest or limit the nationalization of schooling; and central elites, or those who

believe state intervention into education should remake the social order as a fundamental part of

the state-building project. Above the particularistic interests of these groups, however, both groups

seek to maintain their economic and political privileges, and therefore prioritize political survival

(Bruce Bueno de Mesquita and Alastair Smith, 2009; Olson, 1993).

Second, these groups operate in an environment of variable uncertainty, costs, and risk when

pursuing state-building activities. New states, whether post-colonial republics, breakaway states,

or former imperial metropoles cum constitutional monarchies, inherit some baseline level of state

capacity(Acemoglu, Johnson, and Robinson, 2001; Mahoney, 2010). The “legacy” level of state

capacity inherited from the ancien régime may or may not approach that of a fully formed state,

e.g. one in which the state’s constitutive institutions and agencies have achieved self-reinforcing

stability (Pierson, 2004). Most importantly, infrastructural power, not state capacity, determines

the information environment in which the state operates. The ex ante legibility of the state, either

through population censuses, communications and transit infrastructure, and/or other sources of

16Eric Hobsbawm characterizes the long nineteenth century as the critical period defining the consolidation of
modern nation-states, beginning with the French Revolution in 1789 and ending with the start of WWI. This period
is followed by the ”short twentieth century” that entails the development of the post-WWII order and welfare state
golden age until the collapse of the Soviet Union in 1991.

17I should note that the early vs. late developer distinction between countries does not necessarily portend variation
in the scope of educational control by the state. Though the theory offers some insight into the timing of educational
development, a complete analysis of the onset of public education is beyond the empirical aims of this paper.
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enumerative power (tax records) impacts whether the political center is an information-poor envi-

ronment with limited reach vis-á-vis the periphery (Slater and Fenner, 2011). Thus, any potential

threats, particularly from the periphery, that ruling elites perceive varies according to the extant

infrastructural power and state capacity at their disposal.

Third, given that ruling elites at the center value political survival by shoring up their legitimacy

and/or expanding state capacity, they must carefully consider the costs and trade-offs inherent to

various state-building activities. Some forms of state-building have shorter-term payoffs than others.

For example, expanding military recruitment and wages for conscripts will yield more immediate

benefits in terms of boosting legitimacy and state capacity than building primary schools and

enforcing compulsory attendance, particularly in states where the center’s hold on power is uneven

and tenuous throughout the territory (Dincecco, Federico, and Vindigni, 2011). In terms of the

legitimating function of state education—e.g. the benefits of inculcating youth with the dominant

values of the center—education has longer term payoffs relative to investing in overall state capacity.

As a consequence, public education is a second-order priority for the incumbent regimes. I therefore

assume that members of the incumbent regime have relatively short time horizons that often lead

to a form of political myopia in state-building activities.18

Finally, I make several assumptions about the nature of educational development that depart

from political economy assumptions about public education. First, the beginning phases of de-

velopment public education is a distributive rather than redistributive choice as other scholars

have argued (B. W. Ansell, 2010; Busemeyer, Franzmann, and Garritzmann, 2013). Since fiscal

structures, tax effort, and sources of revenue are highly variable cross-nationally during forma-

tive periods of state formation, I depart from redistributive models (Dincecco, 2011; Levi, 1989).

Initial educational investments are unlikely to map on to the contemporary dynamics of fiscally-

progressive education funding that characterizes education reforms during the 20th century (Kiser

and Karceski, 2017). Instead, state-building regimes often wield much discretion in the use of

revenues, often from tariffs and direct investment, toward developing institutions as set forth by

ruling governments (Centeno, 1997). Thus, initial investments in educational capacity such as min-

18One possible exception is when a regime includes influential elites, or institutional entrepreneurs in education
(Levy and Scully, 2007), who can overcome myopic policy-making by mobilizing government action on education de-
spite limited infrastructural power. With respect to national education as a state-building strategy, these institutional
entrepreneurs have longer time horizons and discount the future less than their contemporaries (Mutch, 2007).
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isterial bureaucracies, teacher training, school buildings, and school inspections are distributive in

formative periods of state development.19 State and society benefit from the returns to national

education—basic literacy/numeracy, social cohesion, greater monitoring capacity by the state, and

its contributions to political and economic modernization—though not necessarily in equal mea-

sure (Coleman, 1965; Eltis and Lewis, 2009). National education is as much an ideational resource

as it is a distributive social policy with material returns, but elites are more likely to approach

it as an ideational resource with political returns via legitimacy and social order (P. Bourdieu,

P. P. Bourdieu, and Passeron, 1990; Mann, 1986).20 Through the development of laws and institu-

tions governing the national education regime, state-building elites can better shape the emerging

political and social order to reflect their preferences (Huntington, 2006; Vaughan, 1997).

In the next section, I specify a baseline strategic scenario and derive three testable implications

for the the relationship between infrastructural power and centralized mass education. I then

present the empirical strategy and establish an empirical relationship between higher levels of

infrastructural power and education centralization, holding levels of state capacity constant.

Informational Capacity, Infrastructural Reach, and Education Centralization

To explain the centralization of education, I abstract the following scenario. During formative

periods of state-building, there are two groups of elites. Both groups compete for dominance over

the development of state institutions, particular those that have implications for the configuration

of political and social relations. The first group, which I refer to as central elites, are members

of the incumbent regime and consist of governing actors representing the interests of the political

center. The second group, peripheral elites, are members of the opposition and consist of actors that

represent the interests of the political periphery.21 Both groups have a shared interest in maximizing

political survival and maintaining some semblance of political stability, but differentiated interests in

19In other words, in period T1, where we assume a limited tax base and tax structure that lacks the fiscal
progressivism that marks the development of the social welfare state, the theory treats mass education as distributive.
However, we can loosen this assumption to treat education in period T2 as redistributive and explore the implications
for spending patterns ex post the consolidation of the education system.

20In particular, national education regimes intersects what Mann describes in his framework as ideological power
and political power, “the centralized and territorial regulation of social life”(Mann, 2012, p. 12). Similarly, Bourdieu
characterizes pedagogic authority as a form of symbolic power, and “coerced” compulsory education as symbolic
violence (P. Bourdieu, P. P. Bourdieu, and Passeron, 1990).

21Whether the opposition can be characterized as loyal, or otherwise unwilling to threaten regime change, is
beyond the scope of this initial set up. I assume here that the periphery can threaten regime change should state
intervention in education sufficiently challenge the material or symbolic interests of peripheral elites.
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institution-building.22 The incumbent regime sees the development of a national education system

as part of the policy toolkit of the modernizing state, and a means of political legitimacy that

favors elites in the center. By extension, the payoffs to the center from educational development

are positive. The opposition, alternatively, sees national education as a potential threat to the

societal status quo in the periphery. Thus, the payoffs to education are negative. However, there

is a time inconsistency problem that central elites face when deciding whether to invest resources

and expend political capital on educational development (Alesina and Tabellini, 2008; Atolia et al.,

2017; Bonfiglioli and Gancia, 2013).

The center does not yield any positive payoffs from a national education system until some

indeterminate point in the future, and may yield negative payoffs in the short-term depending on

background conditions. Historically, education is an important part of state-building and modern

developmental contexts, but returns to education, whether in terms of legitimating the state or

spurring economic growth through an educated labor force, are not realized in the short-term.

This tension, which can be described as a “roads versus schools” dilemma, or in this scenario a

“soldiers versus teachers” dilemma, strongly implies that an incumbent regime is likely to regard

education as having second-order political benefits relative to other state activities (Atolia et al.,

2017). In making distributive policy choices, then, the incumbent regime is likely to act with a

degree of political myopia. Even if we can assume that central elites believe that education, more

than transportation networks or soldiers, will yield greater long-term benefits along any number of

dimensions—political stability, social cohesion, moral order and legitimacy—they will not see those

benefits in the near term.23 Consequently, the time horizons of the incumbent regime is directly

related to the degree of political myopia of central elites deciding between state-building priorities.

In this scenario, I assume that the governing center acts in the manner of an “insecure auto-

crat” with short time horizons and high uncertainty over future incumbency (Olson, 1993). This

assumption follows from the notion that state-building regimes operate in an unsettled institutional

environment in which the constitutional order, party system or coalitional dynamics, and core state

institutions are in flux (Linz, 1993). Therefore, I expect the center to prioritize activities that fur-

22To the degree that the conditions for political stability sufficiently serves the interests and political survival
of peripheral elites, I assume that not threatening the center is preferable to threatening and risking conflict or
repression.

23Atolia et al. (2017) find that the economic gains to education take thirty years to overtake the gains from
investment in roads that are realized within fifteen years.
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ther the incumbent regime’s coercive legitimacy and hence secure a longer expected period of rule.

The perceived security of the incumbent regime directly shapes the degree to which central elites

discount the future. By turn, the incumbent regime’s time inconsistency problem with respect

to introducing and centralizing mass education is either worsened or mitigated by the perceived

insecurity of their hold on power. Elites in the periphery similarly have shorter or longer time hori-

zons depending on their perception of the center’s hold on power. Assuming imperfect information

between the center and the periphery, and that the perceived security of one group with respect to

the other does not precisely correlate with actual security, I treat both groups as having short time

horizons. As a consequence, both the incumbent regime and the periphery discount the future at

similar rates unless their respective uncertainty of political survival is conditioned by other factors.

In particular, the infrastructural power of the state becomes an important parameter to consider

in this scenario.

The political uncertainty of one group’s survival vis-á-vis the other is conditioned by the geo-

graphic distribution of state infrastructural power, or subnational variation in the informational,

monitoring, and enforcement capabilities of the central state. Therefore, state infrastructural power

conditions central elites’ ability to project their values and institutional goals into the periphery.

Since peripheral elites can threaten regime change if central elites engage in state-building activ-

ities that encroach upon the balance of existing power structures in the periphery, the political

uncertainty of the center is inversely related to state infrastructural power. Similarly, since cen-

tral elites can use coercive means to minimize threats from the periphery, the political uncertainty

of peripheral elites is positively related to state infrastructural power. The relationship between

infrastructural power and political uncertainty directly maps on to how elites assess the risk of

developing a national education system versus other state-building activities. Thus, I also treat

the political risk of state-building with future payoffs as endogenous to available infrastructural

power. To summarize this scenario in terms of testable implications I introduce the following set

of expectations regarding the institutional trajectory of educational development. I state these

hypotheses such that they can be subjected to empirical tests of observable dimensions of state

infrastructural power along informational, material, and geographic dimensions.

First, the weaker the informational capacity of the central state, the more uneven the monitoring

capabilities of the government are beyond the center. The less information central governments have
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about their populations throughout the territory, the more uncertainty they have about their ability

to implement decisions beyond the center and create political order in the periphery (Brambor et

al., 2016). The more uncertainty governments have about their ability to create political order as a

consequence of weak informational capacity, the less likely that central elites will mandate or provide

public education ex ante a sufficient increase in informational capacity. Conversely, the stronger

the informational capacity of the central state, the more certainty that central governments have

about their ability to implement decisions beyond the center and higher the greater the likelihood

that they will introduce public education. Thus, I derive the following hypothesis: the greater

the informational capacity of the state, the more likely the central state will assert control over

education.

Second, where there is slow or otherwise unreliable methods to share and disseminate infor-

mation about the population between the central state and officials charged with implementing

decisions, the more difficult it is to maintain centralized authority over institutions (H. D. Soifer,

2006). Specifically, the more limited the communications infrastructure, the higher the cost in

time and resources needed to exert administrative authority over distances (Kurtz, 2013). There is

strong evidence that historical growth in communications infrastructure facilitates economic pro-

ductivity and growth during the 19th century (Rogowski et al., 2017). Thus, even where the central

state can gather administrative data throughout the territory, the speed of communications can

limit how actionable such information is in practice. Similar to informational capacity, the less

certainty governments have about their ability to leverage information into centralized control over

institutions, and the more risk that is incurred by any attempts to centralize education. Thus, I

derive the following hypothesis: the more evenly distributed that communications infrastructure is

throughout the national territory, the more likely the central state will assert control over education.

Third, the greater the physical constraints on the reach of the central state, the more difficult it

is for central governments to efficiently move state agents to monitor citizens and enforce decisions

(H. D. Soifer, 2006). Specifically, the more limited the mobility of administrative and security

personnel throughout the territory, the higher the cost in time and resources needed to develop

state institutions and political order beyond the center (Kurtz, 2013). Thus, investments in state-

building activities incur greater risk the weaker the state’s capabilities in transporting people,

goods, and services between the center and periphery. By implication, the higher the risk incurred

18



by projecting state-building efforts farther distances from the center, and the less likely that central

elites will expend effort on public education ex ante a sufficient increase in the geographic reach

of the state. Alternatively, the fewer physical constraints on the mobility and reach of the state,

the less risk incurred by introducing public education throughout the territory. Thus, I derive the

following hypothesis: the greater the physical reach of the state, the more likely the central state

will assert control over education.

Taken together, the compounding effect of the above domains of state capabilities on infrastruc-

tural should shape not just when the center is likely to introduce compulsory schooling, but also

the degree to which the political center centralizes public education. In short, as the center gains

greater capacity to collect information, monitor the population, and enforce decisions throughout

the territory, the less uncertainty and risk that is associated with expanding the state’s authority

over education. Given the role of mass education for inculcating values among society that increase

state legitimacy, elites are likely to push for expanding educational where they perceive having

sufficient informational reach throughout the territory. In the next section, I outline the empirical

strategy of this paper.

2 Empirical Strategy

In testing my theory of national educational development, I have to consider a number of challenges.

For one, I need to adjudicate between endogenous theories of economic growth and human capital,

modernization theories, and the effects of regime type so that I can demonstrate that education cen-

tralization is indeed epiphenomenal to state infrastructural power and elite-led development. Thus,

I have to show that the effects of state infrastructural power on education centralization occurs at

least partially independent of economic growth, political party competition and, or regime type.

First, modernization approaches suggest an endogenous relationship between economic growth,

the expansion of state capacity, and state centralization that could be observationally equivalent

with my central argument (Meyer, Ramirez, and Soysal, 1992). There are likely feedback effects

and the potential for joint determination between some forms of state capacity (e.g. legal and

fiscal capacity) and economic development that may confound my argument. Put simply, economic

development could lead to more resources for public investment in state capacity and a central
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bureaucracy, and vice versa.

Second, there is reason to expect a strong inverse relationship between democratization and ed-

ucation centralization, particularly in federalist countries. As political competition increases, given

greater political autonomy for regional and local governments, it is less likely that the central state

would succeed in monopolizing control over education. The United States during the twentieth

century is a ideal typical example of high levels of state capacity and democratization undermining

efforts to centralize education under federalism. If this prediction accounts for cross-national and

temporal variation in education centralization, democratization may produce indeterminate results

due to observational equivalence with the effects of state capacity (e.g. more democracy, stronger

fiscal and legal institutions); or it generates endogeneity bias given the relationship between de-

mocratization, economic growth, and state capacity in Western countries during the 19th and 20th

centuries.

Third, theories of human capital formation and economic development do not provide clear

predictions for the centralization of education. What these theories do offer is a strong empirical

and theoretical basis for a virtuous cycle of institutional development, educational attainment,

and economic growth.(Acemoglu, Gallego, and Robinson, 2014; Engerman, Mariscal, and Sokoloff,

2009). Yet, these theories do not explain the means by which modernizing countries choose to

govern education as a function of a priori beliefs about the empirical relationship between human

capital and economic output. Such a relationship was likely unknown by ruling elites prior to

state consolidation during the period under investigation. However, Engerman, Mariscal, and

Sokoloff (2009) suggest a conditional relationship between strong institutions, and gains to human

capital and economic growth that implies less centralization (North America) than if development

takes place under extractive institutions (Latin America). In the former scenario, civil society,

enjoying a more equal distribution of economic gains and greater local state capacity, leads to elite

commitments to school provision; in the latter the central state is the only actor with the capacity

or incentive to provide mass schooling.24 Instead, canonical accounts of modernization point to a

positive relationship between important correlates of economic development and mass schooling,

irrespective of regime type, such as a greater share of the population living in urban areas (e.g.

24This argument implies a sequential effect of regime type on educational development: the introduction of mass
schooling prior to a democratic transition is more likely to result in higher centralization. As noted earlier, however,
there is weak evidence for the relationship between regime type and mass schooling (Paglayan, 2018).
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within closer proximity to the political “center”) (Lipset, 1959).

Finally, since one of the core contentions of the theoretical framework is that educational devel-

opment is a second-order priority of governing elites focused on state-building I also need to control

for the strength of coercive and fiscal capacity—core institutions of “stateness.” I argue that invest-

ment in, and consolidation of, national education is likely to take place once the state reaches some

threshold of coercive capacity. On the one hand, increasing coercive capacity through expanding

the military may have a positive, and thus endogenous, relationship with education centralization

as the state expands its monopoly over violence deeper into the periphery. For example, mass

conscription as a central state institution could itself create greater demand for schooling on behalf

of the central government. On the other, after some inflection point, increases in coercive capacity

could have a trade-off, or inverse, relationship to educational consolidation. Since both activities

depend on scarce resources during state-building, military expansion could overwhelm the state’s

ability to contemporaneously consolidate a centralized national education system. Alternatively,

education centralization may simply depend on the central state’s ability to raise revenue through

taxation, which itself could be a strong correlate of informational capacity. In other words, fiscal

capacity itself could also have a relationship with centralization and be observationally equivalent

with infrastructural power.

I therefore test a number of empirical implications that depart from typical models of state

capacity, democracy, and development (Besley and Persson, 2009). The ability of the central state

to monopolize an institution so directly embedded in the organization of social and family life,

e.g. primary education, requires a large amount of information and monitoring throughout the

national territory. I therefore evaluate the hypotheses that when state infrastructural power is

more evenly distributed throughout the territory, centralization is more likely; specifically, and in

order of importance, the capacity to 1) collect information, 2) efficiently transmit information, and

3) transport important personnel such as administrators and teachers, all over distances. Given

the potential confounders outlined above, my task is to control for the variable effects of economic

growth, regime type, and correlates of modernization linked with education, as well as fundamental

sources of state capacity, e.g. coercive and fiscal capacity.
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Table 1: Explanation and Descriptive Statistics of Variables Used in Econometric Analyses

Variable, Units, Definition, and Sources N Mean St. Dev. Min Max

Dependent Variables: CHED Dataset
Centralization (Index) 7,697 0.416 0.365 0 1

Average of all CHED variables except local law

Local Law (Binary) 7,697 0.707 0.455 0 1
Year national law mandating local school provision introduced

Compulsory Primary (Binary) 7,697 0.490 0.500 0 1
Year of national law mandating compulsory primary education

Free Primary (Binary) 7,697 0.371 0.483 0 1
Year in which primary education rendered tuition-free

Curricula Cent. (Binary) 7,697 0.449 0.497 0 1
Year central government begins regulating school curricula

Curricula Secular (Binary) 7,697 0.204 0.403 0 1
Year of secularization of school curricula

Unified Educ. (Binary) 7,697 0.154 0.361 0 1
Year of unified public primary & lower-secondary education

Educ. Ministry (Binary) 7,697 0.468 0.499 0 1
Year ministry of education is established

Normal School (Binary) 7,697 0.562 0.496 0 1
Year government normal school for teachers established

Covariates
National Census (Interval) 3,606 6.040 6.644 0.000 30.000

Total num. of comprehensive national censuses administered

Brambor et al. (2016)

Postal Density (in %) 1,299 0.392 0.327 0.001 1.956
Total number of post offices as % of total population

Rogowski et al. (2017)

Rail Density (in %) 936 0.373 0.756 0.000 11.200
Total railway length by km per 1002 km

Bignon, Esteves, and Herranz-Loncán (2015) and Marti-Henneberg (2013)

Fiscal Capacity (% GDP) 2,920 9.510 5.863 0.000 37.808
Tax revenue collected by central government.

Andersson (2018)

Military Density (in %) 4,549 0.008 0.011 0.000 0.161
Military personnel as proportion of population.

Singer (1988). NMC Data v5.0

Urban Pop. (in %) 4,746 0.115 0.109 0.000 0.655
Urban population as proportion of total population.

Singer (1988). NMC Data v5.0

Democracy (Ordinal Scale) 5,605 2.857 1.926 0.000 6.000
Lexical index democracy score from 0 to 6

Skaaning, Gerring, and Bartusevičius (2015)

GDP PC (in %) 4,142 2,928.872 2,214.314 374.774 15,179.000
Gross domestic product divided by total population.

Bolt and Zanden (2015)

Notes: See appendices for more detailed explanations of measures, calculations, and sources used.
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Data

The summary statistics, descriptions, and sources of the main variables of interest are shown in

Table 1. The dependent variable is education centralization, or Centralization, which is a composite

of binary categorical variables that indicates the year of introduction of the following national-level

laws and institutions: compulsory primary education, free primary education, national curricula,

education ministry, government normal schools, and the unification of public primary and lower-

secondary into a cohesive compulsory education system. I calculate Centralization by taking the

row mean of these variables for a given country-year observation. These data come from the

Comparative History of Educational Development (CHED) project v1.0, an original categorical

dataset of education laws and institutions I constructed that to date include forty-five countries in

Europe, the Americas, Oceania, Turkey, and Japan from 1800 to 1970 (see Table 7 in appendix). All

told, the data used in this analysis are made up of 360 hand-coded “political events” of when these

laws and institutions went into effect, based on a large number of primary and secondary qualitative

sources describing historical developments in education systems. These indicators capture the

multi-dimensional nature of educational governance in which the central state may or may not

assert authority over all or even most of these domains as the education system consolidates over

time.

For skeptical readers who may suspect that educational decrees and laws represent “cheap

talk” by leaders rather than meaningful evidence of education centralization, I should note that

Centralization is composed of several items that signal costly commitments to consolidating a

centrally-managed education system (i.e., building normal schools, controlling curriculum, and the

unification of compulsory primary and lower secondary). The variable for Normal School, which

measures the establishment of government normal schools responsible for primary teacher training

and certification, intersects with the approach of B. Ansell and Lindvall (2013) to measuring cen-

tralization. Whereas they measure centralization as a single binary variable operationalized by the

level of employment of teachers and whether central governments regulated hiring and employment

conditions of teachers B. Ansell and Lindvall (2013, p. 510), the teacher-state relationship is but

one source of variation in education centralization. I also treat Free Primary as under the domain

of centralization, as the national guarantees of subsidized school attendance (along with compul-
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sory attendance laws) represents the central government wresting control from existing structures

that determine educational provision among society. By this measure, all developed states with

compulsory, free primary education have attained some degree of centralization. However, in com-

bination with the centralization of curriculum and textbook regulation, the unification of primary

and compulsory lower-secondary into a standardized system, and the establishment of independent

education ministries (e.g. not ministries with combined responsibility for education and other ar-

eas), there is significant variation in Centralization as indicated by the mean and variance shown

in Table 1.25

Next, the main independent variable is the spatial distribution of state infrastructural power

as measured across three dimensions described in order of importance. First, the state’s ability to

collect population data over distances, or informational capacity, is of paramount importance for a

centralized education system. Thus, informational capacity is indicated by National Census, which

I calculate by taking the column sum for each country of all nationally comprehensive censuses

administered over time in a given country. This measure is calculated from data by Brambor

et al. (2016), who code the country-year of when a comprehensive national census is assessed as

a binary variable. These data are taken from the Historical V-Dem Project v8.0.26 Rather than

using the authors’ original binary coding of country-year observations in which a census was taken,

I expect informational capacity to be cumulative. In short, the more censuses taken over time, the

more longtitudinal statistical data the state has on the population and the more it has penetrated

localities in the periphery to collect these data.

Second, the ability of the state to reliably share information between education authorities at

the local, regional, and national levels of government allows central government officials to use pop-

ulation data to better inform decisions. Communications infrastructure, then, is a complementary

source of state capacity. To measure communications infrastructure, I calculate the number of

public post offices divided by the total population (in thousands) to generate Postal Density. This

25Detailed descriptions of the CHED data and coding strategy used are in the supplementary appendix.
26Coppedge, Michael, John Gerring, Carl Henrik Knutsen, Staffan I. Lindberg, Svend-Erik Skaaning, Jan Teorell,

David Altman, Michael Bernhard, M. Steven Fish, Agnes Cornell, Sirianne Dahlum, Haakon Gjerløw, Adam Glynn,
Allen Hicken, Joshua Krusell, Anna Lührmann, Kyle L. Marquardt, Kelly McMann, Valeriya Mechkova, Juraj Medz-
ihorsky, Moa Olin, Pamela Paxton, Daniel Pemstein, Josefine Pernes, Johannes von Römer, Brigitte Seim, Rachel
Sigman, Jeffrey Staton, Natalia Stepanova, Aksel Sundström, Eitan Tzelgov, Yi-ting Wang, Tore Wig, Steven Wil-
son, and Daniel Ziblatt. 2018. V-Dem [Country-Year/Country-Date] Dataset v8. Varieties of Democracy (V-Dem)
Project. https://doi.org/10.23696/vdemcy18.
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measure proxies for how evenly postal service, the primary means of communicating records over

distances for the period under study, is distributed throughout a country.27

Third, the state needs to be able to deploy necessary education personnel, such as adminis-

trators, teachers, and government monitors efficiently to centralized control. For this reason, the

geographic distribution of transportation infrastructure provides a second complementary source

of state capacity. To capture transportation infrastructure, I use Rail Density, which I measure

as total rail length in kilometers per 100 square kilometers, which itself is calculated using total

square kilometers within present-day borders. The bulk of railway length data come from stud-

ies by Bignon, Esteves, and Herranz-Loncán (2015) (Latin America) and Marti-Henneberg (2013)

(Western Europe). For all remaining European (Central and Eastern) and non-European countries

(e.g. Commonwealth states, the U.S., Japan, and Turkey) not included in those datasets, I used

World Railways of the Nineteenth Century: A Pictorial History in Victorian Engravings (Harter,

2005) as a reference to collect rail length data at 10-year intervals from roughly 1860 to 1920. For

these countries, there are missing observations for the intervening years as a result.

Finally, to account for alternative explanations and potential confounders I control for the fol-

lowing. I take the log of Gross Domestic Product per capita to measure economic growth (GDP

PC). To control for modernization, I measure urbanization by dividing the urban population (popu-

lation living in cities with population greater than 100,000; in thousands) over the total population

(in thousands) to create Urban Pop. For regime type, I use the Lexical Index of Electoral Democ-

racy score (Skaaning, Gerring, and Bartusevičius, 2015) and rename Democracy. This variable

measures regime type on a 0 to 6 ordinal scale, where 0 indicates a regime in which no election

are held and 6 indicates a minimally procedural, multi-party competitive democracy with universal

adult suffrage.28 The largest threat to my argument is the role of state capacity in terms of overall

levels of coercive and fiscal capacity rather than infrastructural power. Since my argument is that

distribution rather than levels of state capacity matter, I need to control for coercive capacity by

27Country-year data on the total number of post offices come courtesy of Rogowski et al. (2017), who kindly shared
these unpublished data in beta form for this project.

28In line with most democratization scholarship Skaaning, Gerring, and Bartusevičius (2015, p. 1495) define
democracy as “a regime where leaders are selected through contested elections held periodically before a broad
electorate.” Levels 1 to 5 of the index are operationalized as follows: L1: No-party or one-party elections; L2:
Multiparty elections for legislature; L3: Multiparty elections for legislature and executive; L4: Minimally competitive,
multiparty elections for legislature and executive; and L5: Minimally competitive, multiparty elections with full male
or female suffrage for legislature and executive.
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holding constant military size as well as test for the independent effects of fiscal capacity as an

rival source of informational capacity that could drive education centralization. To hold coercive

capacity constant I control for Military Density and test repeat the tests of the main models using

Fiscal Capacity as an explanatory variable, as measured by central government tax revenue as a

percentage of GDP. 29

Descriptive Analysis of Education Centralization in Comparative Perspective

First, it is helpful to explore univariate and bivariate variation in the data. By exploring the

distribution of variance on the outcome of interest across countries, we can begin to establish

measurement validity against expectations based on historical evidence. To begin, we can observe

in Figure 1 that by 1900 France, Italy, and Austria are among the most centralized mass education

systems in Europe; while countries such as Norway, Denmark, Germany, and imperial territories

such as Hungary, exhibit relatively high centralization as well. The most centralized countries

conform to what we would expect to find in light of the Jules Ferry reforms in France (Weber, 1976),

the institutional legacy of the imperial Prussian and Austrian education systems (Melton, 1988),

and the unification of Italy as a unitary state and the use of education in the state’s struggle for

political legitimacy (Palomba, 2009; Ziblatt, 2006). However, given the heterogeneity in political

histories and pathways to sovereignty for post-absolutist European states, questions remain as

to whether centralization may be a function of other factors: the distribution of infrastructural

power—and informational capacity, in particular—that allows ruling elites to seize on education as

a means to establish public legitimacy.

The Latin American context provides a useful comparison to further assess measurement va-

lidity. For one, all the states that eventually coalesced in the region were colonial territories far

from the metropole. Second, virtually all the political units in Latin America were under Spanish

rule, save for Brazil and Haiti (Suriname and French Guyana, and most Caribbean countries save

for Cuba, Dominican Republic, and Haiti, are excluded from the data). Third, the collapse of the

Spanish Empire following the Napoleonic occupation of Spain and the unstable restoration period

gave way to similarly timed independence wars across the continent motivated broadly by repub-

29Similarly, Albertus and Menaldo (2012) hold coercive capacity, proxied by military size, to test the marginal
effects of security spending on democratization.
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Figure 1: Education Centralization in Europe, 1900

Notes: Comparative History of Educational Development Dataset, v1.0.
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Figure 2: Centralization of Mass Education across Latin America during the 19th Century

(a) 1840 (b) 1870 (c) 1900

lican ideas of sovereignty (Sabato, 2018). Taken together, much of the regional variation at the

time of independence is captured by variable state capacity, factor endowments, and demographics.

In Table 2 we can see that there was very little state intervention in mass education by 1840; the

new republics largely left education within the domain of the Catholic Church and existing colonial

structures (Caruso, 2010b).

By 1900, however, we can observe high centralization in the Southern Cone, with Argentina and

Uruguay the most centralized, as well as Chile to a lesser degree. After the fall of the Rosas regime in

1852, the unified Argentine Republic immediately began embarking on a project of mass primary

education, with Sarmiento advising several presidents even as he alternated between diplomatic

and academic roles in his professional life (Criscenti, 1993). It was not until 1884 when Law

1420 gave the federal government near complete authority over teacher training, textbooks, and

school organization. The Law 1420 has since remained the foundation of the Argentine education

system (Narodowski and Manolakis, 2002). Most importantly, we would expect the Southern Cone

countries to be regional leaders in educational development given their relatively higher levels of

economic growth and state capacity during this period (Kurtz, 2013).

The next task is to evaluate the main hypotheses at the bivariate level. In Figures 3 through
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Figure 3: Bivariate Relationship between Informational Capacity and Education Centralization
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Figure 4: Bivariate Relationship between Communications Infrastructure and Education Central-
ization
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Figure 5: Bivariate Relationship between Transportation Infrastructure and Education Centraliza-
tion
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8 I plot the two-way relationship between the main covariates used in the analysis and education

centralization for the year 1900 and fit a loess curve due to the small number of observations and

non-linearity of the distribution. I argue that 1900 is a useful reference year for educational develop-

ment in that it is both the middle point in the historical period of primary education consolidation

examined by B. Ansell and Lindvall (2013) and precedes the exogenous shock and massive politi-

cal transformations brought about by World War I and the resulting interregnum across Europe.

In Figure 3, the relationship between informational capacity and education centralization appears

curvilinear and U-shaped with a mostly positive slope beginning with six or more national cen-

suses. Several countries are notable outliers. Both Japan and Argentina centralized their education

systems by 1900 despite either administering more than a few rounds of a national census (zero

and two respectively).30 Surprisingly, Figure 5 shows a mixed relationship between post offices per

capita and education centralization, with the United States and Uruguay as clear outliers with high

30Japan did administer the Nationwide Population Census based on the Family Register Law in 1872,
but the first official modern and comprehensive population census did not take place until 1918. See
https://www.nstac.go.jp/en/about/timeline.html for an historical timeline by the Japan’s National Statistics Center.
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postal density in both, but centralization in the former only. However the downward slope at higher

levels of postal density can be entirely attributed to the United States, which is an extreme outlier

with very low centralization and a more even distribution of communications capacity. Otherwise,

there is a generally positive relationship as postal density increases. Figure 5 shows a less ambigu-

ous and positive relationship between transportation infrastructure and education centralization

with an inverted U-shaped curve resulting from Cuba as an extreme outlier. Thus far, the bivariate

analysis offers supportive evidence in favor of the main hypotheses.

Figure 6: Bivariate Relationship between Urbanization and Education Centralization
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Turning to the alternative factors that could explain variation in education centralization, the

results are somewhat mixed. For ease of visual interpretation, I plot Figures 10 to 8 with linear fitted

lines except GDP per capita, which shows a clearer curvilinear slope when fitted using loess. First,

the bivariate results show several of these measures have the expected positive relationship with

education centralization. As expected, urbanization (Figure 6) and military density (Figure 7) show

a clear and positive relationship to the outcome. However, the distribution for military density is

more tightly clustered around the fitted line. Once again, Japan and Argentina, as well as Uruguay,

stand out as outliers in terms of high centralization and somewhat low military density. Similarly,
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Figure 7: Bivariate Relationship between Military Capacity and Education Centralization
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Figure 8: Bivariate Relationship between Fiscal Capacity and Education Centralization
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Figure 9: Bivariate Relationship between Democracy and Education Centralization
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Figure 10: Bivariate Relationship between Economic Development and Education Centralization
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there is an expected positive relationship between fiscal capacity and centralization (Figure 8), but

the data points are less tightly distributed around the fitted line. Finally, regime type as measured

by the lexical index of democracy plotted shows a relatively flat, if modestly positive relationship

with education centralization (Figure 9), and interestingly economic development has a curvilinear

relationship with centralization that peaks and then turns negative at levels above the mean (Figure

10). In sum, the bivariate evidence is mostly consistent with expectations, but few of the plots

show that countries in the sample cluster tightly enough around the fitted lines to draw a firm

conclusion in support of the hypotheses.

Econometric Results Showing the Effects of Infrastructural Power on Education

Centralization

In testing the three hypotheses posited above, I first estimate a series of panel models using ordinary

least squares (OLS) regression. The nature of the data generating process for my data produce a

number of modeling challenges, including heteroskedasticity, cross-sectional dependence, and serial

correlation. To correct for bias that stems from auto and spatial correlation and heteroskedastic

data, and because the size of N relative to T is variable as a result of unbalanaced data, I correct

the estimates using Driscoll and Kraay robust standard errors.31 To deal with the non-random and

unobserved heterogeneity inherent in data where country-year is the unit of analysis, I estimate all

panel models using a unit fixed effects “within” estimator.32 Finally, I re-estimate and report the

saturated models (Model 6 in all tables) using Instrumental Variables Two Stage Least Squares

(IV-2SLS) estimation and instrument state infrastructural power with Country Age, measured by

the natural log years of sovereignty. Country Age is lagged up to five periods for each additional

control added to the baseline model. I borrow this instrument from studies that instrument state

capacity with country age and (Albertus and Menaldo, 2014; Menaldo, 2016).33

31I also estimate the models using Beck and Katz panel-corrected standard errors, which produce less downward
bias in the standard errors than Driscoll-Kraay corrected estimates. However, there is no substantive difference in
the significance of coefficients with either specification.

32To determine which specification is appropriate, I run a Hausman Test on the baseline model for both the
”within” and ”random” estimator. The results returns a p < 0.05 thereby rejecting the null hypothesis that the
unique errors are not correlated with the regressors in support of fixed effects.

33Country age is coded from the the first year of independence for post-colonial states or states that seceded from
another country or larger political unit. If a country was independent before 1800, they are coded as sovereign from
that year on. The logic of Country Age as an appropriate instrument for state capacity is described in Menaldo (2016,
p. 216): “the longer a country has been independent, the greater its ability to penetrate the hinterlands, establish a
monopoly on violence, and tax the economy.”
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I also lag each covariate according to the AR process displayed by plotting the partial autocor-

relation function. All covariates show an AR(1) process, thus I lag each right-hand side variable one

period. Finally, running a panel Durbin Watson test suggests I have high serial correlation between

my model residuals, while an augmented Dickey-Fuller test indicates my data are non-stationary.34

Thus, I do not include a lagged dependent variable (LDV) as a regressor in the models. LDVs are

inappropriate unless the stationarity condition holds and model residuals are not highly correlated.

For example, studies show that including an LDV under these conditions, even if theoretically

appropriate, can create overly negatively biased estimates as well as inconsistently estimate the

direction of coefficients (Achen, 2000; Keele and Kelly, 2006).

The results are reported in Tables 2, 3, and 4. I also evaluate the main results against the

hypothesis that overall fiscal capacity accounts for the centralization of state institutions in Table

5. The advantage of using OLS fixed effects regression is the consistency of estimates and ease

of interpretation of results relative to more sophisticated dynamic panel models or instrumental

variable approaches.

First, I model the effect of informational capacity, measured by National Census, on education

centralization. I report the results in Table 2. It should be noted that across Models 1–5 Na-

tional Census has a positive effect and is statistically significant at the p < 0.001 level. Further,

F-statistics for Models 1–5 all show model significance, but none for Model 6. Beginning with a

bivariate model (Model 1), the results show that for every unit increase in National Census there

is an increase in Centralization of 0.05 points. In Models 2 through 3, the size of the coefficient

decreases to 0.02 and model fit as measured by adjusted R2 improves by .10–.12 points as controls

are added. GDP per capita logged has a consistently estimated positive and significant effect of

between 0.28 and 0.30 points. Somewhat counter-intuitively, urbanization is statistically signifi-

cant and consistently estimated as having a negative coefficient between 0.34 and 0.36 for Models

3–5, while Military Density and Democracy are not significant, though democratization has an

expected negative coefficient. Estimating Model 6 as 2SLS instrumenting informational capacity

with Country Age produces a poorer model fit (adjusted R2 = 0.13) with an F-statistic that shows

the model is not significant. This is likely a result of a weak instrument problem or other undi-

agnosed mis-specification, but further diagnostics are needed. Nevertheless, Model 6 shows that

34Since Centralization is bounded by 0 and 1, the DGP precludes a unit root.
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a unit increase in National Census now produces a 0.08 increase in education centralization while

all other covariates losing statistical significance. Unexpectedly, GDP per capita is now negatively

associated with education centralization.

Table 2: informational capacity and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

National Census 0.050∗∗∗ 0.016∗∗∗ 0.018∗∗∗ 0.017∗∗∗ 0.017∗∗∗ 0.081∗∗

(0.008) (0.002) (0.003) (0.003) (0.003) (0.026)
GDP PC (log) 0.275∗∗∗ 0.294∗∗∗ 0.298∗∗∗ 0.303∗∗∗ −0.137

(0.019) (0.032) (0.035) (0.036) (0.461)
Urban Pop. −0.360∗∗∗ −0.339∗∗∗ −0.339∗∗∗ 1.346

(0.092) (0.098) (0.099) (2.726)
Military Density 0.211 −0.054 −29.366

(0.483) (0.445) (44.351)
Democracy −0.007 −0.154

(0.005) (0.182)

R2 0.551 0.692 0.657 0.642 0.643 0.145
Adj. R2 0.547 0.688 0.653 0.637 0.638 0.132
Observations 3587 2078 1778 1698 1691 1656
Country fixed effects Y es Y es Y es Y es Y es Y es
2SLS IV Model No No No No No Y es
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1

Driscoll-Kraay standard errors in parentheses. Country fixed effects are controlled for via a within transfor-
mation. Constants are not shown. All independent variables are lagged one period.

Next, I model the effect of communications infrastructure, measured by Postal Density, on

education centralization. I report the results in Table 3. I report the results in Table 2. In

Models 1–5 Postal Density has a positive effect and is statistically significant at the p < 0.001 level.

Likewise, F-statistics for Models 1–5 all show model significance. Beginning with a bivariate model

(Model 1), the results show that for every logged unit increase in Postal Density there is an increase

in Centralization of 0.07 points. In Models 2 through 5, the size of the coefficient decreases to 0.02

and model fit as measured by adjusted R2 improves substantially, increasing from a very poor -0.005

to 0.46 points as other covariates are included. GDP per capita logged has a consistently estimated

positive and significant effect of between 0.24 and 0.27 points in Models 2–5. In the expected

direction, urbanization is positively associated with the outcome in Models 3–5, but the estimates

are not statistically significant. Models 4 and 5 show that Military Density is associated with a 1.5

and 1.7 unit increase in education centralization, respectively, and both estimates are significant
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at the p < 0.1 level. In Model 5, Democracy generates a positive and statistically significant, but

substantively small (0.009), effect. Similarly to Table table:censusplm results, the 2SLS estimation

produces a very poor model fit (adjusted R2 = −0.035) with an F-statistic that shows the model

is not significant. Further, the coefficient sizes are inconsistently estimate relative to Models 1–5

and none of the covariates show statistical significance.

Table 3: Communications Infrastructure and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Postal Density (log) 0.065∗∗∗ 0.024∗ 0.024∗ 0.022∗ 0.021∗ −0.369
(0.019) (0.012) (0.011) (0.011) (0.011) (0.797)

GDP PC (log) 0.268∗∗∗ 0.261∗∗∗ 0.253∗∗∗ 0.243∗∗∗ −0.774
(0.024) (0.023) (0.022) (0.025) (1.901)

Urban Pop. 0.064 0.098 0.081 11.975
(0.224) (0.221) (0.216) (17.958)

Military Density 1.541† 1.650† −46.632
(0.908) (0.935) (94.240)

Democracy 0.009† −0.110
(0.005) (0.636)

R2 0.028 0.479 0.479 0.483 0.487 0.007
Adj. R2 −0.005 0.460 0.460 0.463 0.467 −0.035
Observations 1273 1123 1123 1100 1095 1077
Country fixed effects Y es Y es Y es Y es Y es Y es
2SLS IV Model No No No No No Y es
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1

Driscoll-Kraay standard errors in parentheses. Country fixed effects are controlled for via a within transfor-
mation. Constants are not shown. All independent variables are lagged one period.

Finally, I model the effect of transportation infrastructure, measured by Rail Density, on ed-

ucation centralization. Table 4 shows the results. F-statistics for Models 1–5 all show model

significance. The bivariate specification (Model 1) shows Rail Density has a positive effect and is

statistically significant at the p < 0.001 level. The results show that for every unit increase in Postal

Density there is an increase in Centralization of 0.25 points. However, Models 2 through 6 show

much smaller and variable results for railway density, including the sign flipping to negative for

Models 3–6. The size of the coefficients decreases to 0.02, but model fit as measured by adjusted

R2 improves substantially, increasing from a very poor -0.005 to 0.46 points as other covariates

are included. GDP per capita logged has a consistently estimated positive and significant effect

of between 0.47 and 0.77 points in Models 2–6. Urbanization here is positively and significantly
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associated with the outcome in Models 3–5, showing that a unit increase coincides with betweem

0.80 and 0.85 increase in education centralization. Military Density is not significant and negative

associated with education centralization in Models 4 and 5. In Model 5, a unit increase in Democ-

racy generates a negative and statistically significant effect of 0.02 points. As with the other tables

thus far, the 2SLS estimation is not significant. These results are likely a problem of the high degree

of unbalanced data for the covariates used, with substantial missingness for railway density. The

observations used decrease in the saturated models to 349 from 936 in the bivariate model. This

points to a need for further data collection and multiple imputation in order to increase modeling

efficiency and consistency of estimates.

Table 4: Transportation Infrastructure and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Rail Density 0.246∗∗∗ 0.056 −0.017 −0.024 −0.024 −0.060
(0.058) (0.036) (0.014) (0.017) (0.018) (0.038)

GDP PC (log) 0.468∗∗∗ 0.475∗∗∗ 0.489∗∗∗ 0.500∗∗∗ 0.775∗

(0.061) (0.040) (0.042) (0.047) (0.373)
Urban Pop. 0.818∗ 0.823∗ 0.854∗∗ 0.223

(0.340) (0.324) (0.318) (3.000)
Military Density −6.363 −6.631 0.250

(5.029) (5.100) (40.350)
Democracy −0.018∗ −0.104∗∗∗

(0.007) (0.025)

R2 0.209 0.344 0.470 0.475 0.489 0.350
Adj. R2 0.173 0.290 0.431 0.434 0.448 0.297
Observations 936 385 352 350 349 344
Country fixed effectsY es Y es Y es Y es Y es Y es
2SLS IV Model No No No No No Y es
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1

Driscoll-Kraay standard errors in parentheses. Country fixed effects are controlled for via a within transfor-
mation. Constants are not shown. All independent variables are lagged one period.

As an additional check on state capacity theories that emphasize the role of the development

of fiscal capacity in state consolidation (Levi, 1989), I examine the effects of Fiscal Capacity, as

measured by central government tax revenue (as % of GDP), on education centralization. I briefly

note these results in Table 5. While all the models are significant, the only positive and substantive

result for fiscal capacity occurs in the bivariate model (Model 1). The only consistently estimated

covariates are GDP per capita and urbanization. Models 2–5 show a positive significant effect on
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education centralization for ever logged unit increase in GDP PC between 0.28 and 0.30, while

Models 3–5 show a positive effect between 0.27 and 0.32 for every unit increase in Urban Pop.

Table 5: Fiscal Capacity and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Central Tax (%GDP) 0.026∗∗∗ −0.000 −0.002 −0.001 −0.001 −0.008
(0.002) (0.001) (0.001) (0.001) (0.001) (0.114)

GDP PC (log) 0.330∗∗∗ 0.309∗∗∗ 0.294∗∗∗ 0.282∗∗∗ −2.843
(0.016) (0.019) (0.019) (0.023) (64.504)

Urban Pop. 0.274† 0.321† 0.318† 20.195
(0.164) (0.169) (0.173) (450.216)

Military Density 0.347 0.486 −33.878
(0.578) (0.587) (627.344)

Democracy 0.008† 0.393
(0.004) (2.941)

R2 0.250 0.599 0.603 0.593 0.595 0.016
Adj. R2 0.242 0.595 0.598 0.587 0.589 0.001
Observations 2891 2679 2361 2262 2260 2229
Country fixed effects Y es Y es Y es Y es Y es Y es
2SLS IV Model No No No No No Y es
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1

Driscoll-Kraay standard errors in parentheses. Country fixed effects are controlled for via a within transfor-
mation. Constants are not shown. All independent variables are lagged one period.

To summarize the analysis thus far, the results show that both informational capacity and

communications infrastructure, as measured by National Census and Postal Density respectively,

have the most consistently estimated and substantive positive effect on education centralization

(as shown in Tables 2 and 3). Alternative, Rail Density does not generate strong results in the ex-

pected direction aside from the bivariate specification, while overall Fiscal Capacity appears a weak

predictor of education centralization relative to the other three measures of state infrastructural

power. The weak and/or null effects of fiscal capacity and military density in these models suggest

the results of infrastructural power (especially informational capacity) are robust.35 Informational

capacity as national census is positive and significant across all three I report these results with

some caution as to any causal interpretation that is implied. Though the empirical strategy is

careful not to overfit or misspecify any of the models, I cannot completely rule out endogeneity

35For an additional check on robustness, I re-run the models on the data subset by three time periods (1800–1870,
1870–1930, and 1930–1970). It is possible that the results only hold when estimating all country-year observations,
whereas informational capacity may lack significance or even change direction when subset by a range of T . Instead,
National Census produces the positive and statistically significant estimates for all three time periods. This proce-
dure follows recent studies by economic historians who note that panel analyses could hide inconsistent effects of
explanatory variables at different intervals of a time series and recommend subsetting data as a check on robustness
(Maurer and Abad, 2018).
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without identifying a strong instrument for my measures of state capacity that meets the exclusion

restriction. I plot the results in Tables 2, 3, and 4 in Figure 11. Each of the bracketed coefficient

estimates in Figure 11 correspond to the results reported by Models 1, 2, and 5, in that order.

Table 6: Informational Capacity and Education Centralization, Difference GMM

Model 1 Model 2 Model 3 Model 4 Model 5

Centralization (t− 1) 0.52∗∗∗ 0.44∗∗∗ 0.44∗∗∗ 0.44∗∗∗ 0.47∗∗∗

(0.09) (0.07) (0.06) (0.04) (0.04)
National Census 0.03∗∗∗ 0.03∗∗∗ 0.03∗∗∗ 0.03∗∗ 0.03∗∗

(0.01) (0.01) (0.01) (0.01) (0.01)
GDP PC (log) 0.01 −0.01 −0.01 −0.01

(0.03) (0.03) (0.02) (0.02)
Urban Pop. 0.01 0.12 0.14

(0.30) (0.27) (0.26)
Military Density 0.01 0.14

(0.42) (0.43)
Democracy 0.00

(0.00)

n 45 45 45 45 45
T 173 173 173 173 173
Num. obs. 7697 7697 7697 7697 7697
Num. obs. used 455 1985 1722 1611 1607
Sargan Test: chisq 21.00 22.00 21.00 21.00 21.00
Sargan Test: df 342.00 513.00 683.00 852.00 1020.00
Sargan Test: p-value 1.00 1.00 1.00 1.00 1.00
Wald Test Coefficients: chisq 145.55 166.05 207.39 457.26 565.21
Wald Test Coefficients: df 2 3 4 5 6
Wald Test Coefficients: p-value 0.00 0.00 0.00 0.00 0.00
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1

Notes: Difference GMM one-step estimator with unit fixed effects. Constants are not shown. DV lagged one
period. All independent variables are lagged one period. No substantive difference in estimates or model fit
between results of lagged and non-lagged covariates.

In the interest of ruling out Nickell bias and endogeneity concerns, I also fit these models

using Difference Generalized Method of Moments (GMM) models with a lagged dependent variable

(LDV). The degree of missingness in quite high under specifications for state infrastructural power

as measured by Postal Density and Rail Density.36 In Table 6 I re-specify the first series of models

(see Table 2) to again estimate the effect on informational capacity by instrumenting Country Age

lagged up to five periods. Though I should note that while Sargan tests reveal the instrument

fails to meet the exclusion restriction, National Census produces consistent and positive estimates

across all models, from the bivariate specification (Model 1) to the saturated model (Model 5). The

36I report the GMM results for communications and transportation infrastructures in the appendix (see Tables 9
and 10), along with pooled OLS regressions of the same models (Tables 11, 12, 13, and 14).
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Figure 11: Summary Plot of Panel Estimates of State Infrastructural Power and Education Cen-
tralization
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Figure 12: Summary Plot of Difference GMM Estimates of State Infrastructural Power and Edu-
cation Centralization
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results shows that holding everything else constant a one percentage point increase in informational

capacity yields a 0.03 percentage point increase in education centralization. While the LDV soaks

up much of the variation, despite the additional negative bias introduced by the LDV the only other

statistically significant covariate across any of the models that remains is National Census. I plot

the results in Figure 12 and report the GMM results for postal and rail density in their entirety in

Table 9 and Table 10 (see appendix).

3 Discussion and Conclusion

This study investigates the historical relationship between state infrastructural power, informational

capacity, and the centralization of national education systems. Whereas a number of factors,

both systematic and contingent, influence the development of public institutions, I argue that the

spatial reach of the state’s ability to collect, disseminate, and act on information is paramount

to the political centralization of national education systems. Specifically, the exceptionally high

information and administrative demands of centralized education governance suggests that the

enumerative capabilities of the state matter relative to more commonly understood indicators

of state capacity, such as coercive and fiscal capacity (Besley and Persson, 2011; Hanson and

Sigman, 2013). During early periods of state building, rulers face an uncertain political environment

and have scarce resources to invest in institutional development. Therefore, the more even that

informational capacity is distributed geographically, the smaller the trade-offs to asserting greater

centralized authority over complex social institutions. There are few public institutions aside from

national education systems that are as ubiquitous in the social life of developing polities.

Through an econometric analysis using original data on educational development, I demonstrate

a consistent and positive effect of informational capacity, as measured by the number of national

population censuses, and education centralization. Moreover, complementary sources of state in-

frastructural power such as communications and transportation infrastructure, also have a positive

relationship with centralization. While I control for country fixed effects and alternative sources

of state capacity, economic development, and regime type, I am unable to rule out endogeneity

at this juncture. The reported results and conclusions should be interpreted as preliminary, even

as they show supportive evidence of the central hypotheses. Yet, the surprisingly weak statistical
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relationship between centralized fiscal capacity or military capability and education centralization

warrants a cautiously optimistic interpretation of the results reported here. By demonstrating the

mostly null effects of two fundamental sources of state capacity, coercive and fiscal capacity, I rule

out the most compelling alternative to my argument that the distribution of infrastructural power

matters to education centralization more than overall levels of state capacity. Notably, fiscal ca-

pacity, which is often associated with expanding the legibility of the population, appears to have

no statistically significant relationship with the outcome.

This project aims to make several contributions. First, the theoretical departure point of this

paper speaks to scholars examining modern state-building and political development in the Global

South. In many ways, the historical setting of the countries in this analysis suggest unique scope

conditions for the theory. Much of the Americas and Europe emerged as independent republics by

the middle of the 19th century, and political elites of the time reflected a particular understanding

of nation-state development (Ertman, 1997; Gellner, 2006; Tilly, 1992). Yet, the implications of the

argument could be extended to understanding low-income and fragile regimes that make up much of

the developing world today. The post-colonial conditions in much of Sub-Saharan Africa, Asia, and

the Middle East and North Africa are not much different than the weak and uneven institutional

capacity of many Western countries that was evident in the early 19th century (Bakke et al., 2014;

Baldwin, 2015; Drake, 2009; Hobsbawm, 1962). Specifically, the political uncertainty raised by

the threat of violence by strongmen and sectarian opposition in the periphery in many of these

countries is not unlike the threat of caudillismo and warlordism in early modern Latin America

(Mahoney, 2010; Wantchekon, 2004). Therefore, a natural extension of this study would entail

data collection and empirical test of the theory in developing states that first gained independence

in the 20th century.

Second, the analysis offers some empirical evidence of the utility of broader conceptualizations

of state capacity. For economic historians and comparative researchers interested in institutional

change, data collection efforts should reflect the complex and spatial dimensions of state capacity

(H. Soifer and Hau, 2008). Moreover, where the outcomes of interest are categorical measures of

social institutions rather than continuous measures of economic growth or trade flows, scholars

should differentiate between state capacities that drive economic change and those that drive social

change. While political economists tend to shy away from embracing political sociological concepts,
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such as infrastructural power (Mann, 1984), I suggest that a more dynamic and multi-dimensional

conceptualization of state capacity can lead to new measures amenable to quantitative historical

research.

Finally, this project contributes to the growing literature on the comparative politics of educa-

tion (B. Ansell and Lindvall, 2013; Moe and Wiborg, 2016). Much of this literature explores the

contemporary political economy of education and “skill regimes” (Busemeyer and Iversen, 2014;

Iversen and Stephens, 2008), yet there are few theoretical or empirical accounts of the institutional

development of national education systems over the long durée. For example, there are a num-

ber of comparative studies that take an interdisciplinary and historical approach to educational

development (Brockliss and Sheldon, 2012), but there is a dearth of political science scholarship

that centers education as institution to be studied unto itself. I hope this paper provides one of

many inroads toward a broader research agenda on the role of education in state-building, similar

to research programs examining the role of fiscal (Kiser and Karceski, 2017; Levi, 1989; Martin,

Mehrotra, and Prasad, 2009) and military (Downing, 1992; Ingesson et al., 2018; Levi, 1996) in

political development.
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Supplementary Appendix

Appendix A: Comparative History of Educational Development Dataset

In order to examine historical variation in education regimes, I created an original categorical

dataset that codes education systems from 1800–1970 by the timing and scope of laws and institu-

tions governing primary schooling introduced at the national level. The data consist of forty-five

countries in Europe and the Americas, as well as Australia, New Zealand, Turkey, and Japan. The

selected cases are within the theoretical scope conditions as countries that emerged as independent

states by 1945, though not all cases remained independent states throughout the historical period

examined. Taken together, the temporal and geographic range of the data serve several theoretical

and empirical purposes. First, the data covers the “long nineteenth century” in which the majority

of mainly Western nation-states consolidated, as well as the post-WWII “golden age” of welfare

state development. Second, the cases vary regionally and historically according to time of inde-

pendence and status as a colonial/imperial territory or metropole. Thus, the analysis can examine

long-run educational development across a range of political, economic, and technological condi-

tions generally associated with the expansion (or underdevelopment) of mass schooling (Brockliss

and Sheldon, 2012).

The coding strategy follows the conventions of historical event data in which the outcome of

interest is the year in which a particular event happened. Each event is therefore measured as a bi-

nary outcome. For example, I code a country-year observation for a particular event occuring as =1

for all country-year observations that follow.37 The data include the following variables: 1) Local

Law refers to the introduction of a national law that mandates that local/provincial authorities are

responsible for providing elementary education; 2) Compulsory Primary refers to the establishment

of a national law that mandates compulsory attendance for a certain number of years of primary

school; 3) Free Primary refers to a national guarantee of free primary education, either through the

removal of tuition fees or government subsidy of those fees; 4) Centralized Curriculum refers to the

centralized regulation of the primary curriculum, including subject requirements, the exclusion of

religious authorities from curricular control, the adoption of a “national curriculum,” or the reg-

ulation of textbooks; and 5) Secularized Curriculum that measures if and when primary curricula

37Specifically, I code an event, yit = 1 for all yit+n, where country-year observations are indexed as it.
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is secularized. While virtually all these countries introduced a law mandating local provision of

elementary education earlier than other education laws, not all countries converged on universal

education by the end of the nineteenth century. In addition, the dataset includes three institutional

outcomes that capture other important dimensions of education development: 6) Unified Education

which codes the year in which a comprehensive, or “unified” primary and lower-secondary public

education system is established; 7) Ministry of Education which codes the year that a central-

ized education ministry is established; and 8) Normal School which codes the year that the state

establishes the first government-run normal school for training elementary teachers.38

38This dataset departs from the coding strategy in B. Ansell and Lindvall (2013) who code centralization as the
regulation of teacher education rather than regulation of curriculum and textbooks. The final codebook with sources
is under construction and unavailable at this time. Though the coding is done with some confidence of the accuracy
of the sources, I have yet to cross-reference coding choices with additional secondary sources to increase confidence
in reliability. All errors are mine.
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Table 7: Comparative History of Educational Development Dataset, Event Years

Country
Local
Law

Centralized
Curriculum

Secularized
Curriculum

Compulsory
Primary

Free
Primary

Unified
Education

Normal
School

Ministry of
Education

Anglophone
Australia 1872 1880 1895 1895 1908 1850 1963
Canada 1867 1948 1871 1847
England 1870 1988 1902 1880 1891 1846 1899
Ireland 1831 1922 1926 1937 1844 1921
New Zealand 1852 1904 1877 1877 1877 1936 1878 1877
United States 1900 1918 1918 1916 1953

Europe
Austria 1774 1774 1867 1774 1869 1869 1771 1848
Belgium 1842 1842 1914 1914 1842
Czech Republic 1774 1869 1948 1774 1922 1948 1776 1848
Denmark 1814 1855 1855 1894 1903 1747 1916
Finland 1858 1866 1869 1921 1921 1972 1864 1869
France 1879 1882 1905 1879 1881 1959 1810 1828
Germany 1763 1854 1872 1763 1920 1920 1852 1817
Greece 1834 1837 1834 1911 1834 1834 1833
Hungary 1868 1853 1945 1868 1908 1945 1853 1848
Italy 1859 1859 1888 1877 1859 1933 1859 1861
Netherlands 1806 1813 1900 1879 1879 1918
Norway 1827 1889 1827 1889 1959 1938 1814
Poland 1795 1775 1945 1919 1919 1945 1919 1773
Portugal 1844 1932 1911 1911 1918 1870
Romania 1800 1898 1864 1864 1948 1919 1862
Spain 1857 1931 1931 1857 1931 1839 1900
Sweden 1842 1919 1958 1842 1842 1858 1904 1962

Latin America
and others
Argentina 1853 1884 1884 1884 1884 1884 1870 1854
Bolivia 1851 1871 1956 1956 1956 1909 1903
Brazil 1834 1946 1889 1946 1946 1835 1930
Chile 1833 1899 1920 1860 1842 1837
Colombia 1820 1935 1903 1872 1880
Costa Rica 1849 1885 1881 1869 1885 1886 1914 1886
Cuba 1880 1959 1959 1900 1959 1959 1915 1959
Dominican Republic 1884 1951 1918 1951 1880 1934
Ecuador 1835 1871 1895 1871 1915 1897 1884
El Salvador 1832 1880 1885 1962 1971 1885 1885
Guatemala 1830 1871 1871 1871 1875 1872
Haiti 1807 1848 1862 1889 1947 1843
Honduras 1880 1957 1957 1875 1889
Mexico 1857 1857 1867 1914 1917 1887 1921
Nicaragua 1900 1836 1900 1938 1858
Panama 1877 1915 1904 1904 1904 1941 1878 1941
Paraguay 1900 1909
Peru 1873 1941 1905 1905 1905 1935
Uruguay 1847 1877 1877 1877 1877 1877 1866 1883
Venezuela 1870 1924 1963 1958 1958 1876 1881
Japan 1872 1872 1872 1872 1900 1872 1872 1871
Turkey 1856 1924 1924 1846 1869 1924 1848 1923
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Figure 13: Independence and Onset of Compulsory and Free Primary
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Figure 14: Independence and Onset of Compulsory and Free Primary, Europe
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Figure 15: Independence and Onset of Compulsory and Free Primary, Latin America
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Notes: Comparative History of Educational Development Dataset, v1.0.
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Figure 16: Establishment of Ministry of Education and a Unified Public Primary and Lower-
Secondary School System
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Appendix B: Diagnostics

Table 8: Correlation Matrix of Main Covariates of Interest

Variable Central.
(DV)

Nat.
Census

Postal
Den-
sity

Rail
Den-
sity

Fiscal
Capac-
ity

Military
Den-
sity

Terrain
Rough-
ness

Urban
Pop.

Dem. GDP
PC

Centralization (DV) 1.00
National Census 0.64 1.00
Postal Density 0.09 0.57 1.00
Rail Density 0.39 0.41 0.55 1.00
Fiscal Capacity 0.51 0.32 0.14 0.06 1.00
Military Density 0.16 0.30 0.01 0.19 0.21 1.00
Terrain Roughness 0.07 -0.05 -0.21 0.09 -0.07 -0.14 1.00
Urban Pop. 0.52 0.54 0.41 0.56 0.46 0.18 -0.19 1.00
Democracy 0.35 0.43 0.27 0.28 0.38 -0.03 -0.06 0.45 1.00
GDP PC 0.42 0.45 0.41 0.71 0.52 0.19 -0.13 0.81 0.59 1.00

Notes: Pairwise correlation matrix with Spearman’s rank correlation coefficients; all coefficients statistically
significant at α = 0.5. Correlations larger than 0.50 in bold.
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Appendix C: Alternative Specifications

Generalized Method of Moments Estimates

Table 9: Communications Infrastructure and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5

Centralization (t− 1) 0.28∗∗∗ 0.27∗∗∗ 0.25∗∗∗ 0.25∗∗∗ 0.26∗∗∗

(0.05) (0.07) (0.07) (0.07) (0.07)
Postal Density (log) 0.01 0.01 0.00 0.00 0.00

(0.01) (0.01) (0.00) (0.00) (0.00)
GDP PC (log) 0.15∗∗∗ 0.08† 0.08∗ 0.08†

(0.03) (0.04) (0.04) (0.04)
Urban Pop. 0.86∗ 0.81∗ 0.78∗

(0.33) (0.32) (0.31)
Military Density 0.24 0.40†

(0.19) (0.24)
Democracy 0.00

(0.00)

n 45 45 45 45 45
T 173 173 173 173 173
Num. obs. 7697 7697 7697 7697 7697
Num. obs. used 848 741 741 733 733
Sargan Test: chisq 34.61 32.43 30.67 29.29 29.39
Sargan Test: df 342.00 513.00 683.00 852.00 1020.00
Sargan Test: p-value 1.00 1.00 1.00 1.00 1.00
Wald Test Coefficients: chisq 37.84 73.10 56.49 49.70 53.37
Wald Test Coefficients: df 2 3 4 5 6
Wald Test Coefficients: p-value 0.00 0.00 0.00 0.00 0.00
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1
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Table 10: Transportation Infrastructure and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5

Centralization (t− 1) 0.73∗∗∗ 0.60∗∗∗ 0.32∗∗∗ 0.30∗∗∗ 0.31∗∗∗

(0.04) (0.05) (0.06) (0.05) (0.05)
Rail Density 0.15∗∗∗ 0.13∗∗ −0.09 −0.08 −0.05

(0.04) (0.05) (0.13) (0.12) (0.11)
GDP PC (log) 0.09† 0.24∗ 0.25∗ 0.25∗

(0.06) (0.11) (0.11) (0.11)
Urban Pop. 1.79† 1.65† 1.52†

(1.02) (0.95) (0.91)
Military Density −3.31 −3.08

(3.69) (3.92)
Democracy −0.01∗∗

(0.00)

n 45 45 45 45 45
T 173 173 173 173 173
Num. obs. 7697 7697 7697 7697 7697
Num. obs. used 479 322 310 307 307
Sargan Test: chisq 18.00 9.00 9.00 9.00 9.00
Sargan Test: df 342.00 513.00 683.00 852.00 1020.00
Sargan Test: p-value 1.00 1.00 1.00 1.00 1.00
Wald Test Coefficients: chisq 924.47 424.61 72.48 178.91 266.36
Wald Test Coefficients: df 2 3 4 5 6
Wald Test Coefficients: p-value 0.00 0.00 0.00 0.00 0.00
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1

Notes: Estimated using GMM model with Arellano-Bond first-differences, two steps specification.
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Pooled OLS Estimates

Table 11: OLS Estimates of National Census and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5

National Census 0.03∗∗∗ 0.01∗∗∗ −0.00† −0.00 −0.00
(0.00) (0.00) (0.00) (0.00) (0.00)

Urban Pop. 0.02 0.01 −0.01
(0.08) (0.08) (0.08)

Democracy −0.01∗∗∗ −0.01∗∗∗

(0.00) (0.00)
Military Density −0.29

(0.48)
GDP PC (log) 0.27∗∗∗ 0.31∗∗∗ 0.33∗∗∗ 0.33∗∗∗

(0.01) (0.01) (0.02) (0.02)
Constant 0.24∗∗∗ −1.54∗∗∗ −1.73∗∗∗ −1.83∗∗∗ −1.78∗∗∗

(0.01) (0.07) (0.10) (0.10) (0.10)

R2 0.37 0.42 0.44 0.45 0.43
Adj. R2 0.37 0.42 0.44 0.44 0.43
Num. obs. 3606 2097 1797 1789 1710
RMSE 0.29 0.25 0.23 0.23 0.22
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1

Table 12: OLS Estimates of Post Offices Per Capita and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5

Postal Density (log) 0.03∗∗ −0.05∗∗∗ −0.05∗∗∗ −0.05∗∗∗ −0.05∗∗∗

(0.01) (0.01) (0.01) (0.01) (0.01)
Urban Pop. 0.73∗∗∗ 0.77∗∗∗ 0.94∗∗∗

(0.12) (0.12) (0.12)
Democracy 0.01∗ 0.01∗

(0.01) (0.01)
Military Density 6.75∗∗∗

(1.02)
GDP PC (log) 0.15∗∗∗ 0.07∗∗∗ 0.05∗ 0.02

(0.01) (0.02) (0.02) (0.02)
Constant 0.70∗∗∗ −0.53∗∗∗ −0.06 0.08 0.21

(0.01) (0.11) (0.13) (0.14) (0.14)

R2 0.01 0.10 0.13 0.13 0.17
Adj. R2 0.01 0.10 0.13 0.13 0.16
Num. obs. 1299 1149 1149 1144 1121
RMSE 0.28 0.27 0.26 0.26 0.26
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1
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Table 13: OLS Estimates of Railway Density and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5

Rail Density 0.06∗∗∗ −0.04∗∗ −0.06∗∗∗ −0.06∗∗∗ −0.05∗∗∗

(0.01) (0.01) (0.01) (0.01) (0.01)
Urban Pop. 0.81∗∗∗ 0.83∗∗∗ 0.79∗∗∗

(0.23) (0.23) (0.23)
Democracy −0.02∗ −0.03∗∗

(0.01) (0.01)
Military Density −8.36†

(4.35)
GDP PC (log) 0.39∗∗∗ 0.37∗∗∗ 0.38∗∗∗ 0.40∗∗∗

(0.02) (0.03) (0.03) (0.04)
Constant 0.36∗∗∗ −2.35∗∗∗ −2.19∗∗∗ −2.21∗∗∗ −2.31∗∗∗

(0.01) (0.15) (0.22) (0.21) (0.23)

R2 0.02 0.49 0.62 0.63 0.63
Adj. R2 0.02 0.48 0.61 0.62 0.62
Num. obs. 936 385 352 351 349
RMSE 0.30 0.23 0.20 0.20 0.20
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1

Table 14: OLS Estimates of Fiscal Capacity and Education Centralization

Model 1 Model 2 Model 3 Model 4 Model 5

Fiscal Capacity 0.03∗∗∗ 0.01∗∗∗ 0.01∗∗∗ 0.01∗∗∗ 0.01∗∗∗

(0.00) (0.00) (0.00) (0.00) (0.00)
Urban Prop. 0.95∗∗∗ 0.95∗∗∗ 0.93∗∗∗

(0.07) (0.07) (0.07)
Democracy 0.00 0.00

(0.00) (0.00)
Military Density 0.36

(0.60)
GDP PC (log) 0.17∗∗∗ 0.07∗∗∗ 0.07∗∗∗ 0.06∗∗∗

(0.01) (0.01) (0.01) (0.01)
Constant 0.33∗∗∗ −0.86∗∗∗ −0.16† −0.14 −0.10

(0.01) (0.07) (0.08) (0.09) (0.09)

R2 0.23 0.29 0.31 0.31 0.30
Adj. R2 0.23 0.29 0.31 0.31 0.29
Num. obs. 2920 2708 2389 2387 2288
RMSE 0.29 0.26 0.26 0.26 0.26
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05, †p < 0.1
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