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Abstract: This study examines the relationship between public expenditure on education and
economic growth across sixteen Latin American countries over the period 2000-2022, using a
balanced-to-unbalanced macro panel drawn entirely from the World Bank's World
Development Indicators. Motivated by the long-standing "Latin American growth puzzle", in
which the region's early advantage in schooling failed to translate into sustained economic
convergence, the analysis estimates pooled, fixed-effects, and random-effects specifications of
an augmented growth model, and probes the temporal structure of the education—growth link
through distributed-lag estimation. A Hausman test marginally favours the random-effects
estimator, under which education expenditure is positively and significantly associated with
the log of GDP per capita, with the association strongest at a lag of one to two years
(coefficients of roughly 0.06—0.065, significant at the 1% level). Under the more demanding
two-way fixed-effects estimator, however, the coefficient shrinks toward zero and loses
conventional significance, becoming only marginally significant once Driscoll-Kraay
standard errors are used to accommodate the pronounced cross-sectional dependence detected
in the residuals. The evidence therefore points to a fragile and estimator-sensitive positive
relationship rather than a robust growth dividend from educational spending alone. These
findings are consistent with a body of Latin American research that emphasises the
effectiveness, rather than the mere volume, of educational investment (Arias Ortiz et al., 2023;
Hanushek, 2013), and they caution against treating higher education budgets as a sufficient
instrument for growth in the absence of complementary improvements in the quality and
institutional efficiency of spending.
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1. Introduction

The idea that education drives economic prosperity is among the most durable propositions in
the social sciences. From the human capital theory developed by Schultz and Becker to the
endogenous growth models of Romer and Lucas, economists have long argued that investment
in the knowledge, skills, and health of a population raises labour productivity, accelerates
technological absorption, and generates positive externalities that sustain long-run growth.
Governments across the developing world have internalised this logic, and public spending on
education is now widely treated both as a social good in its own right and as a strategic lever
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for economic development. Yet the empirical relationship between how much a government
spends on education and how fast its economy subsequently grows has proven far more elusive
and contested than the theory would suggest.

Nowhere is this tension more vivid than in Latin America. The region presents what has come
to be known as the "Latin American growth puzzle": by 1960 many Latin American countries
enjoyed levels of school attainment and per capita income that were comfortably ahead of East
Asia and of the Middle East and North Africa, and yet over the following four decades East
Asia surged ahead while much of Latin America stagnated. If schooling were a straightforward
engine of growth (World Bank, 2024b), the region's early educational lead should have
delivered convergence toward the global frontier. Instead, Latin America's growth performance
through the late twentieth century was disappointing, leaving open the question of whether the
problem lay in too little educational investment, in the poor quality and efficiency of that
investment, or in the wider institutional and macroeconomic environment within which
schooling operates.

The existing empirical literature on Latin America has not resolved this question. Some studies
report that public spending on education and health exerts a positive and significant influence
on regional growth, while others, examining individual economies or shorter windows, find no
statistically discernible link between education expenditure and growth. A recurring theme in
the more recent work is that the volume of spending is not, by itself, decisive: the effectiveness
of expenditure, the quality of the education system, and the governance context all shape
whether resources devoted to schooling ultimately raise output. This heterogeneity of findings
is not merely a nuisance; it is substantively informative, because it suggests that the education—
growth relationship in the region is conditional, lagged, and sensitive to how it is measured and
estimated.

This paper contributes to that debate in three ways. First, it assembles a consistent macro panel
of sixteen Latin American countries over the period 2000-2022, drawn entirely from the World
Bank's World Development Indicators, and estimates an augmented growth model that relates
the log of GDP per capita to public education expenditure and a standard set of macroeconomic
controls. Second, rather than assuming that any growth effect of education is contemporaneous,
it explicitly investigates the temporal structure of the relationship through distributed-lag
estimation, recognising that the returns to educational spending accrue over years rather than
within a single fiscal period. Third, it takes the estimator-sensitivity of the relationship
seriously, comparing pooled, random-effects, and two-way fixed-effects specifications,
subjecting the preferred models to a Hausman test, and re-estimating with Driscoll-Kraay
standard errors after formally testing for cross-sectional dependence. The result is a candid
account of a relationship that is positive but fragile, and whose apparent strength depends
heavily on the econometric lens through which it is viewed.

The remainder of the paper is organised as follows. Section 2 reviews the theoretical
foundations and the Latin American empirical literature, and develops two hypotheses. Section
3 describes the data and variables and sets out the econometric strategy. Section 4 presents
descriptive statistics and the main regression results, including the distributed-lag analysis and
the robustness checks. Section 5 discusses the findings in the light of the growth puzzle and
the effectiveness debate. Section 6 concludes with policy implications and directions for future
research.

2. Theoretical Background and Hypotheses

Copyright©2026 The Author(s). 64
Published by the Colorado Social Science Research Academy, Denver, Colorado, USA.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License
(https://creativecommons.org/licenses/by-nc-nd/4.0/).



International Journal of Social Science and Applied Technology

é Vol. 2, No. 2, pp. 63-78, 2026

Online ISSN: 3068-2673

2.1. Human capital and the theory of growth

The theoretical case for a link between education and growth rests on two complementary
traditions. Human capital theory, associated with Schultz and Becker, treats education as an
investment that augments the productive capacity embodied in workers. Just as physical capital
raises output when combined with labour, so the skills, literacy, and cognitive capacities
acquired through schooling raise the marginal product of labour and, in aggregate, expand an
economy's productive frontier. Public expenditure on education is, in this view, a mechanism
for financing the accumulation of a factor of production that private markets, left alone, would
tend to under-supply because of credit constraints and the partly public nature of the returns.

Endogenous growth theory, developed by Romer and Lucas, sharpens this intuition by making
human capital a driver of sustained rather than merely level growth. In these models the
accumulation of knowledge and skills generates spillovers: an educated workforce not only
produces more but also innovates, adapts foreign technologies more readily, and raises the
productivity of those around it. Because these externalities are not fully captured by the
individuals who make educational decisions, there is a rationale for public support of education
beyond the private optimum. Under this reasoning, higher public education expenditure should,
other things equal, be associated with faster growth, and the effect should be persistent rather
than transitory.

A third tradition tempers these expectations. Institutional economics, associated with North
(1990) and with Acemoglu (2024) and co-laureates Johnson and Robinson, argues that the
productivity of any given input depends on the institutional environment that governs how
resources are allocated and how the returns to investment are distributed and protected. Where
governance is weak, where public spending is captured by rent-seeking, or where the quality
of educational provision is low, additional expenditure may fail to translate into human capital
of economic value. This perspective helps rationalise why identical levels of educational
spending can yield sharply different growth outcomes across countries, and why the volume of
spending may be a poor proxy for its growth-relevant content.

2.2. Evidence from Latin America

Empirical work on Latin America mirrors these theoretical ambiguities. A number of panel
studies find supportive evidence. Analyses of large groups of Latin American countries have
identified cointegrating relationships between education expenditure and output (Wang &
Zhang, 2024), and fixed-effects estimates for subsets of South American economies have
reported that public spending on education maintains a positive and significant association with
per capita income (Cerquera Losada et al., 2022). Studies that incorporate human capital
measured through years of schooling likewise tend to find positive long-run associations with
real output per capita, consistent with the human capital and endogenous growth accounts
(Mallick et al., 2022; Najaf-zada, 2024).

Other studies are more sceptical. Country-level investigations, notably of Honduras (Villela &
Paredes, 2022), have found no statistically significant relationship between public education
expenditure and growth, and have suggested that human capital accumulation in some
economies is not fully translating into productivity gains. Cross-country work has also
emphasised that the association between education and growth is far from uniform (Feniser et
al., 2022; Sultana et al., 2022), varying across countries and disappearing altogether in several
cases. The influential development-accounting literature on the growth puzzle (Hanushek and
Woessmann, 2012; Hanushek, 2024) argues that once the quality of educational achievement,
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rather than mere years of enrolment, is taken into account, human capital can explain a
substantial share of the income gap between Latin America and richer regions, implying that
the region's shortfall lies less in the quantity of schooling than in its learning content and
productive deployment.

Taken together, the Latin American evidence supports three broad observations. First, a
positive education—growth relationship is often present but is neither universal nor robust
across specifications. Second, the effect is plausibly lagged, since the productivity gains from
educational spending materialise as cohorts pass through the system and enter the labour force.
Third, the relationship is conditional on effectiveness and institutions, which means that
estimates based on spending volume alone are likely to be attenuated and estimator-sensitive.
These observations motivate the hypotheses and the empirical strategy that follow.

2.3. Hypotheses

On the basis of the theoretical priors and the mixed but generally supportive regional evidence,
the study advances two hypotheses.

H1. Public education expenditure, measured as a share of GDP, is positively associated with
the level of real GDP per capita across Latin American countries, controlling for physical
capital formation, trade openness, urbanisation, inflation, and population growth.

H2. The association between public education expenditure and GDP per capita is characterised
by a temporal lag, such that lagged expenditure is at least as strongly related to income as
contemporaneous expenditure, reflecting the delayed maturation of educational investment into
productive human capital.

These hypotheses are deliberately framed as associations rather than as claims of clean causal
identification. As the empirical section makes clear, the direction of causality between
spending and income is itself contested, and the analysis therefore treats the estimated
coefficients as conditional correlations whose robustness is probed across estimators rather
than as structural parameters.

3. Data and Methodology
3.1. Sample and data sources

The analysis uses an annual macro panel of sixteen Latin American countries observed over
the period 2000-2022, giving a maximum of 368 country-year observations. The countries are
Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, the Dominican Republic, Ecuador, El
Salvador, Guatemala, Honduras, Mexico, Panama, Paraguay, Peru, and Uruguay. These
economies were selected to span the major Spanish- and Portuguese-speaking economies of
South and Central America together with the largest Caribbean-basin economy, and to reflect
a wide range of income levels and development stages within the region.

All variables are drawn from the World Bank's World Development Indicators, which compiles
internationally comparable series from officially recognised sources and releases them under a
Creative Commons Attribution licence. Relying on a single, harmonised source avoids the
definitional inconsistencies that arise when macroeconomic series are spliced across databases,
and ensures that the measurement conventions for each variable are uniform across countries
and years. The education expenditure and inflation series contain some gaps for particular
countries and early years; these are handled by estimating on an unbalanced panel using all
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available observations rather than by imputation, so that no value used in estimation is
fabricated or interpolated.

It should be noted that the sample period ends in 2022 because harmonised education-
expenditure series in the WDI, which originate from the UNESCO Institute for Statistics, are
typically released with a reporting lag of two to three years; at the time of data extraction the
most recent year for which complete cross-country coverage was available was 2022. This is a
standard constraint in comparative macroeconomic research that relies on internationally
harmonised databases, and the twenty-three-year span of the panel remains sufficient for
estimating the medium-run structural relationships of interest. Any implications of the data
boundary for the generalisability of the findings are addressed in the limitations section.

3.2. Variables

The dependent variable is the natural logarithm of GDP per capita measured at purchasing
power parity in constant 2021 international dollars. Expressing income in logarithms is
standard in the growth literature: it linearises the multiplicative relationships typical of growth
processes and allows the estimated coefficients on the regressors to be interpreted, after scaling,
in proportional terms.

The variable of primary interest is general government expenditure on education, expressed as
a percentage of GDP. This measure captures the fiscal effort a country devotes to education
relative to the size of its economy and is the natural empirical counterpart to the theoretical
notion of educational investment intensity.

Five control variables, standard in empirical growth models, are included to reduce omitted-
variable bias. Gross capital formation as a share of GDP proxies physical capital accumulation,
the classical complement to human capital in production. Trade as a share of GDP measures
openness to international exchange, through which technology and competitive discipline are
transmitted. The urban share of the population captures the structural transformation from
agriculture toward industry and services that typically accompanies development. Consumer-
price inflation proxies macroeconomic stability, with high or volatile inflation generally
understood to be detrimental to growth. Population growth controls for the demographic
denominator effect and for the dilution of capital per worker. Table 1 summarises the variables,
their definitions, and their sources.

Table 1. Variable definitions and data sources

Variable Definition Source (WDI code)

Natural log of GDP per capita, PPP

(constant 2021 international $) NY.GDP.PCAP.PP.KD

In GDP per capita

Government expenditure on

education, total (% of GDP) SE.XPD.TOTL.GD.ZS

Education expenditure

Capital formation Gross capital formation (% of GDP) NE.GDI.TOTL.ZS

Trade (exports + imports, % of

GDP) NE.TRD.GNFS.ZS

Trade openness

Urban population (% of total

. SP.URB.TOTL.IN.ZS
population)

Urbanisation
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Inflation, consumer prices

(annual %) FP.CPLTOTL.ZG

Inflation

Population growth Population growth (annual %) SP.POP.GROW

Note: All series obtained from the World Bank World Development Indicators (World Bank, 2024a; CC BY-4.0).
Sample: 16 Latin American countries, 2000—2022.

3.3. Econometric strategy

The baseline empirical model is an augmented income equation of the form
In(GDPpc)i = a + [-EduExpy +y" X + i + A + &,

where i indexes countries and t indexes years, EduExp is public education expenditure as a
share of GDP, X is the vector of five macroeconomic controls, p; is a country-specific effect,
A is a year-specific effect capturing common shocks such as commodity cycles and the global
financial and pandemic disturbances, and ¢ is an idiosyncratic error.

Three estimators are compared. The pooled ordinary least squares estimator ignores the panel
structure and treats all observations as independent; it serves only as a benchmark, since it is
biased if unobserved country heterogeneity is correlated with the regressors. The random-
effects estimator treats p; as a random draw uncorrelated with the regressors, using both within-
and between-country variation and thereby retaining the explanatory power of cross-country
differences in average spending and income. The fixed-effects estimator allows w to be
arbitrarily correlated with the regressors and identifies B purely from within-country variation
over time, at the cost of discarding all cross-sectional information. A two-way fixed-effects
specification additionally absorbs common year effects. The choice between random and fixed
effects is guided by a Hausman test of the null that the country effects are uncorrelated with
the regressors.

To investigate the temporal structure posited in H2, the model is re-estimated with education
expenditure entered at lags of one, two, and three years, and a distributed-lag specification
includes the contemporaneous term together with its first two lags so that the cumulative
association can be assessed. Because macro panels of this kind frequently exhibit cross-
sectional dependence, whereby shocks to one economy spill over to others through trade,
commodity prices, and regional financial linkages, the study applies a Pesaran (2004) test for
cross-sectional dependence to the fixed-effects residuals. Where dependence is present,
conventional and cluster-robust standard errors are biased, and the models are therefore re-
estimated using Driscoll-Kraay standard errors (Driscoll & Kraay, 1998), which are robust to
heteroskedasticity, autocorrelation, and cross-sectional correlation. Finally, a dynamic
specification that includes the lagged dependent variable is estimated to gauge the persistence
of income and to check whether the education coefficient survives the inclusion of a highly
autoregressive income process. All standard errors in the static models are clustered by country
unless otherwise noted.

4. Empirical Results
4.1. Descriptive statistics and correlations

Table 2 reports summary statistics for the estimation variables. Average GDP per capita across
the sample is approximately 16,076 international dollars, but the range is wide, from around
4,579 dollars in the poorest country-years to nearly 33,915 dollars in the richest, reflecting the
substantial income heterogeneity within the region. Public education expenditure averages 4.4 1
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percent of GDP, close to the lower bound of the four-to-six percent range that international
frameworks associate with an adequate national commitment to education, with a minimum of
1.20 percent and a maximum of 8.44 percent. Gross capital formation averages 21.4 percent of
GDP and trade openness 63.8 percent, while urbanisation is high at 72.1 percent on average,
consistent with Latin America's status as one of the most urbanised developing regions.
Inflation averages 6.1 percent but with a long right tail, reflecting episodes of very high
inflation in particular economies.

Table 2. Descriptive statistics

Variable N Mean Std. Dev. Min Max
GDP per capita
(PPP) 368 16,075.5 6,920.7 4,578.9 33,915.2
In GDP per 368 9.586 0.458 8.429 10.432
capita
Education
expenditure (% 305 4411 1.326 1.203 8.437
GDP)
Capital
formation (% 368 21.358 5.297 10.854 43.575
GDP)
Trade openness
(% GDP) 368 63.847 27.039 21.852 164.586
Urbanisation (%) 368 72.094 12.887 43.243 95.498
Inflation (%) 350 6.086 8.638 -1.550 96.096
Population 368 1.221 0.570 0.170 2.733
growth (%) ’ ’ ’ ’

Note: Statistics computed over all available country-year observations, 2000-2022.

Table 3 presents the pairwise correlation matrix. The simple correlation between education
expenditure and log income is positive but weak (0.063), an early indication that any
unconditional relationship is modest. Urbanisation is strongly and positively correlated with
income (0.742), while population growth is negatively correlated with it (—0.422), both patterns
being consistent with the structural-transformation view of development. Capital formation and
trade openness are positively correlated with each other (0.571) but display only modest
correlations with income, and no pair of regressors exhibits a correlation high enough to raise
serious concerns about multicollinearity. Figure 1 plots the raw association between education
expenditure and log income across all country-years; the fitted line slopes gently upward, again
suggesting a positive but far from tight relationship at the descriptive level.

Table 3. Pairwise correlation matrix

InGDP EduExp Invest Trade Urban Infl PopGr
In GDP pc 1.000
Education 4 463 1.000
exp.
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Capital 0.187 0.141 1.000
form.
Trade -0.293 -0.051 0.571 1.000
openness
Urbanisation ~ 0.742 0.120 -0.160 -0.553 1.000
Inflation 0.034 -0.091 -0.130 -0.063 0.086 1.000
P"p‘;lra“"“ -0.422 0.086 0.290 0.413 -0.681 -0.048 1.000

Note: Pearson correlations over available observations.

As Figure 1 illustrates, the scatter of country-year observations displays considerable
dispersion around the fitted line, confirming that education expenditure alone explains only a
small fraction of the cross-country and over-time variation in income. The upward slope, while
visible, is modest, and the cloud of points suggests that the relationship is likely to be mediated
by other factors. This motivates the multivariate regression analysis that follows.

Education Expenditure and Income Level, 16 Latin American Countries (2000-2022)

10.50 1

10.25 1

10.00 -

9.75

9.50 A

9.25

9.00 A

Log GDP per capita (PPP, constant 2021 %)

8.75 A

1 2 3 4 5 6 7 8
Government education expenditure (% of GDP)

Figure 1. Education expenditure and log GDP per capita, 16 Latin American countries, 2000—2022. The red line
is the ordinary least squares fit

4.2. Baseline estimates

Table 4 reports the baseline estimates of the income equation under the three estimators. In the
pooled specification the coefficient on education expenditure is essentially zero and statistically
insignificant, confirming the impression from the raw correlation that, without accounting for
the panel structure, spending intensity carries little unconditional information about income.
The two-way fixed-effects estimator, which relies solely on within-country variation over time,
yields a small positive coefficient of 0.012 that is not significant at conventional levels once
errors are clustered by country. By contrast, the random-effects estimator produces a markedly
larger and statistically significant coefficient of 0.063 (p = 0.017), implying that a one-
percentage-point increase in the education-to-GDP ratio is associated with roughly a 6 percent
higher level of GDP per capita.
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The divergence between the fixed- and random-effects estimates is itself the central empirical
finding of this section. It indicates that much of the positive association between education
spending and income operates through the between-country dimension, that is, richer Latin
American economies tend on average to devote a somewhat larger share of GDP to education,
rather than through the within-country dimension, in which changes in a given country's
spending over time are only weakly related to subsequent changes in its income. Because the
fixed-effects estimator discards precisely the cross-country variation that carries most of the
signal, it recovers a much weaker relationship. The Hausman test does not reject the null that
the country effects are uncorrelated with the regressors (¥*(6) = 9.62, p = 0.142), which on
conventional grounds favours the more efficient random-effects estimator; this test result
should nonetheless be read with caution, since failure to reject may reflect limited power in a
panel of sixteen countries rather than strong evidence for the random-effects assumption.
Accordingly, the discussion treats the fixed-effects estimates as the more conservative and
arguably more credible benchmark, and relies on the random-effects results primarily to
illustrate the role of cross-country variation.

Among the controls, the pattern is stable and economically sensible across specifications.
Capital formation is consistently positive and highly significant, underlining the
complementarity of physical investment with income. Trade openness carries a small negative
and significant within-country coefficient, a result not unusual in resource-intensive economies
where trade shares are dominated by commodity price swings rather than by productivity-
enhancing integration. Inflation is weakly positive and significant in the fixed-effects model,
while population growth is positive but imprecisely estimated. Urbanisation is positive but not
individually significant once country and year effects are absorbed, reflecting its slow within-
country movement.

Table 4. Baseline estimates. Dependent variable: In GDP per capita

Regressor Pooled OLS Fixed Effects Random Effects
0.003 0.012 0.063**
Education expenditure
(0.049) (0.017) (0.026)
— 0.013%** —
Capital formation
— (0.003) —
— -0.003*** —
Trade openness
— (0.001) —
— 0.002** —
Inflation
— (0.001) —
— 0.005 —
Urbanisation
— (0.006) —
— 0.049 —
Population growth
— (0.032) —
Country effects No Yes Yes (random)
Year effects No Yes No
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Observations 287 287 287
Within R2 — 0.317 —

Note: Cluster-robust standard errors (by country) in parentheses. Full control set included in all FE columns;
controls suppressed in pooled/RE columns for readability. *** p<0.01, ** p<0.05, * p<0.10.

In summary, the baseline results indicate that the direction and magnitude of the education
coefficient are highly sensitive to the choice of estimator, a finding that itself constitutes an
important empirical contribution. The analysis now turns to whether incorporating temporal
lags can sharpen the estimated relationship.

4.3. The temporal structure of the relationship

Hypothesis H2 holds that the education—growth link is lagged. Table 5 reports the coefficient
on education expenditure entered contemporaneously and at lags of one, two, and three years,
under both the random- and fixed-effects estimators. The contrast is instructive. Under random
effects the coefficient is stable and significant across all horizons, rising slightly from 0.063
contemporaneously to a peak of around 0.065 at one year and 0.063 at two years, with
significance strengthening to the 1 percent level at lags of one and two years before easing at
three years. This hump-shaped pattern is exactly what the human capital account predicts: the
association between educational effort and income is not instantaneous but strengthens as
spending matures into productive capacity, peaking after one to two years and then gradually
attenuating.

Under the two-way fixed-effects estimator, however, the lagged coefficients remain small and
insignificant at every horizon, and indeed decline monotonically toward zero, turning
marginally negative at three years. The lag structure therefore reinforces rather than resolves
the estimator sensitivity documented above: the temporal pattern consistent with H2 is clearly
visible in the specification that exploits cross-country variation, but not in the one that relies
on within-country variation alone. A caveat applies: because the lagged specifications
progressively lose observations (from 287 at lag 0 to 244 at lag 3), part of the variation in
estimated coefficients may reflect changes in sample composition rather than a pure temporal
effect; re-estimation on a common balanced subsample would isolate the lag structure more
cleanly. Figure 2 displays the random-effects lag coefficients with their ninety-five percent
confidence intervals, making the hump-shaped and uniformly positive pattern apparent.

Table 5. Education expenditure at successive lags. Dependent variable: In GDP per capita

Lag of education expenditure Random Effects Fixed Effects (two-way) N
Contemporaneous (t) 0.063** (0.026) 0.012 (0.017) 287
Lag 1 (t-1) 0.065** (0.025) 0.010 (0.016) 273
Lag 2 (t-2) 0.063*** (0.023) 0.006 (0.015) 259
Lag 3 (t-3) 0.053** (0.024) -0.001 (0.015) 244

Note: Each cell is from a separate regression including the full control set; cluster-robust standard errors in
parentheses. *** p<0.01, ** p<0.05, * p<0.10.

To visualise the temporal profile of these estimates more clearly, Figure 2 plots the random-
effects coefficient on education expenditure at each lag horizon together with the
corresponding ninety-five percent confidence band.
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Figure 2. Random-effects estimates of the education-expenditure coefficient across lags, with 95% confidence
intervals. The dashed line marks zero

The distributed-lag specification, which enters the contemporaneous term together with the
first two lags simultaneously, tells a consistent story. The contemporaneous coefficient remains
positive and significant (0.048, p = 0.008), the first lag is small and insignificant once the
contemporaneous term is present, and the second lag is positive though imprecisely estimated.
The full distributed-lag regression table is not reported here for brevity, but the individual
coefficient estimates are as follows. The sum of the three coefficients, which represents the
cumulative association of a sustained one-percentage-point increase in the education share, is
approximately 0.070, somewhat larger than any single-horizon estimate and consistent with the
interpretation that the full association accumulates over several years rather than arriving all at
once.

4.4. Robustness: cross-sectional dependence and dynamics

Two further checks probe the credibility of the baseline results. First, a Pesaran (2004) test
applied to the two-way fixed-effects residuals decisively rejects the null of cross-sectional
independence (test statistic ~—12.8, p < 0.001), confirming that shocks are strongly correlated
across these economies, as one would expect given their shared exposure to commodity cycles,
United States monetary conditions, and regional financial linkages. In the presence of such
dependence, conventional and even cluster-robust standard errors understate the true sampling
uncertainty. Re-estimating the fixed-effects model with Driscoll-Kraay standard errors
(Driscoll & Kraay, 1998), which are robust to cross-sectional and temporal correlation, leaves
the point estimates unchanged but sharpens inference on the controls: capital formation, trade
openness, inflation, urbanisation, and population growth all become significant, while
education expenditure attains marginal significance at the ten percent level (0.012, p = 0.064).
It should be noted that the Driscoll-Kraay standard error on education expenditure (0.006) is
smaller than the cluster-robust standard error in Table 4 (0.017); while this is arithmetically
possible when the Driscoll-Kraay estimator reallocates variance across the time and cross-
section dimensions, the magnitude of the reduction warrants caution and invites replication
with alternative long-run variance estimators. The lagged education coefficient, however,
remains insignificant under Driscoll-Kraay errors, so the fragility of the within-country
education effect is not an artefact of the choice of standard-error formula.
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Second, a dynamic specification that adds the lagged dependent variable confirms that income
in the region is highly persistent: the coefficient on lagged log income is 0.92 and
overwhelmingly significant, indicating that roughly nine-tenths of a country's income level
carries over from one year to the next. Once this strong autoregressive component is included,
the contemporaneous education coefficient is statistically indistinguishable from zero, which
is unsurprising given that a single year's change in the spending ratio can be expected to move
a highly persistent income series only marginally. The persistence result also cautions that the
level relationships estimated here capture slow-moving associations rather than rapid growth
responses, reinforcing the interpretation of the education coefficient as a long-horizon
correlation. Because the inclusion of a lagged dependent variable in a fixed-effects model with
finite T introduces Nickell (1981) bias, the dynamic estimates should be treated as indicative;
a system-GMM or bias-corrected LSDV estimator would provide more reliable inference and
is left for future work. Table 6 collects the robustness estimates.

Table 6. Robustness checks. Dependent variable: In GDP per capita

Regressor FE, Driscoll-Kraay SE Dynamic FE (lagged DV)
Education expenditure 0.012* (0.006) -0.000 (0.005)
Lagged In GDP per capita — 0.922%%* (0.036)
Capital formation 0.013*** (0.002) 0.003*** (0.001)
Trade openness -0.003*** (0.001) 0.000 (0.000)
Urbanisation 0.005** (0.002) 0.001 (0.001)
Inflation 0.002*** (0.000) -0.001 (0.001)
Population growth 0.049** (0.020) -0.013** (0.005)
Country & year effects Yes Yes
Observations 287 275

Note: Column 1 uses Driscoll-Kraay standard errors robust to cross-sectional dependence; column 2 is a two-
way fixed-effects model including the lagged dependent variable with cluster-robust standard errors. *** p<0.01,
** p<0.05, * p<0.10.

Taken together, the robustness checks confirm that the positive association between education
spending and income, while present, is not robust to the most demanding specifications. The
coefficient survives in the random-effects and Driscoll-Kraay frameworks but vanishes once
the strong autoregressive structure of income is explicitly modelled. These results set the stage
for a broader discussion of what they imply for the Latin American growth puzzle.

5. Discussion

The evidence assembled here supports a nuanced rather than an emphatic answer to the
question of whether public education expenditure drives growth in Latin America. Taken at
face value, the random-effects results are consistent with Hypothesis H1: across the region,
higher education spending as a share of GDP is associated with meaningfully higher income
per capita, and the association is robust across contemporaneous and lagged horizons. The lag
structure in Table 5 and Figure 2 further supports Hypothesis H2, with the relationship
strengthening at one to two years and the cumulative distributed-lag association exceeding any
single-period estimate. Read through this lens, the findings align with the strand of Latin
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American research reporting positive and significant links between educational investment and
output, and with the human capital and endogenous growth theories that motivate them.

Yet the fixed-effects and dynamic results counsel against overstating the case. When
identification is restricted to within-country variation over time, the education coefficient
shrinks toward zero and loses significance, becoming only marginally significant once cross-
sectional dependence is accommodated through Driscoll-Kraay standard errors, and vanishing
altogether once the strong persistence of income is modelled explicitly. This pattern implies
that the positive association is carried largely by durable cross-country differences rather than
by the within-country dynamics that would most cleanly identify a growth effect. In plain terms,
the countries that spend more on education tend to be richer, but a given country raising its
education share does not reliably experience faster subsequent growth over the horizons
observed here. That asymmetry is precisely the shape of the Latin American growth puzzle at
the level of public finance: the regional cross-section behaves as human capital theory predicts,
while the within-country time series does not deliver the expected dividend.

Three interpretations, not mutually exclusive, can reconcile these results with the wider
literature. The first is the effectiveness argument that recurs throughout the regional evidence:
what matters for growth is not the volume of spending but its productive content, and if
additional expenditure finances higher salaries, administrative expansion, or enrolment without
commensurate gains in learning, then within-country increases in the spending ratio need not
raise the growth-relevant stock of human capital. The development-accounting work on the
growth puzzle, which finds that educational achievement rather than years of schooling
accounts for much of the region's income gap, points in the same direction. The second
interpretation is institutional: where governance is weak, the transmission from spending to
human capital to output is impaired, so the effect of expenditure is contingent on a quality of
public administration that varies across the region and is not captured by the spending measure
itself. The third is temporal and econometric: the true growth effects of education play out over
decades as cohorts pass through the system, and a panel spanning roughly two decades,
dominated by highly persistent income levels, may simply be too short to identify them from
within-country variation, which is why the between-country dimension carries the signal.

These interpretations carry a common implication. The result should not be read as evidence
that education does not matter for Latin American development; the descriptive association,
the random-effects estimates, and the coherent lag structure all indicate that it does. Rather, it
suggests that the growth payoff to educational spending is neither automatic nor rapid, and that
it depends on conditions this analysis cannot directly observe, above all the quality of the
education delivered and the institutional efficiency with which public resources are converted
into learning. This reading is consistent both with the optimistic and the sceptical camps of the
regional literature: the optimists are right that education and income move together across the
region, and the sceptics are right that simply spending more, in a given country and over a few
years, does not guarantee faster growth.

5.1. Limitations

Several limitations qualify the findings and should be borne in mind. First, and most
importantly, the analysis identifies conditional associations rather than causal effects. The
relationship between education spending and income is plausibly bidirectional, since richer
countries can afford to spend more on education, and the dynamic results confirm that income
is highly persistent; the study's design, which compares estimators and examines lags rather

Copyright©2026 The Author(s). 75
Published by the Colorado Social Science Research Academy, Denver, Colorado, USA.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License
(https://creativecommons.org/licenses/by-nc-nd/4.0/).



International Journal of Social Science and Applied Technology

é Vol. 2, No. 2, pp. 63-78, 2026

Online ISSN: 3068-2673

than deploying a formal instrument, cannot fully purge this simultaneity. A complementary
analysis using dynamic system generalised method of moments estimation with internal
instruments would be a natural next step to sharpen identification, and the present results should
be regarded as descriptive groundwork for such an exercise.

Second, the study measures educational effort by the spending ratio alone. It does not observe
the human capital that spending is meant to produce, nor the quality of that human capital,
because harmonised measures such as average years of schooling or a constructed human
capital index were not incorporated into the present dataset. This is a material limitation given
that the effectiveness and quality of education emerge from the discussion as the likely crux of
the puzzle; incorporating a direct human capital measure as a mediating variable would allow
the transmission mechanism to be tested rather than inferred. Third, the panel covers sixteen
countries over twenty-three years, which limits statistical power, particularly for the fixed-
effects and Hausman procedures, and means that the failure to reject the Hausman null must
be interpreted cautiously. Fourth, the sample period ends in 2022 owing to the reporting lag
inherent in internationally harmonised education-expenditure data from the UNESCO Institute
for Statistics; the post-2022 period, which includes the global recovery from the pandemic and
evolving fiscal pressures, is therefore not captured, and the results should be interpreted with
this temporal boundary in mind. Fifth, the institutional and governance dimension that the
discussion invokes as a conditioning factor is not measured here, so its role remains a
conjecture consistent with the pattern of results rather than a tested proposition. Sixth, the
exclusive reliance on World Development Indicators, while ensuring comparability, inherits
whatever measurement error and definitional compromises that source contains, including gaps
in the education and inflation series that reduce the estimation sample.

6. Conclusion

This paper has examined the relationship between public education expenditure and economic
growth across sixteen Latin American countries over the period 2000-2022, using a consistent
macro panel built entirely from the World Bank's World Development Indicators. The analysis
set out two hypotheses: that education expenditure is positively associated with income per
capita, and that this association is lagged. Both receive support under the random-effects
estimator, which exploits cross-country as well as within-country variation and yields a positive,
significant coefficient that strengthens at lags of one to two years and accumulates to roughly
seven percent of income over a sustained one-point increase in the spending share. The
coherent hump-shaped lag structure is consistent with the human capital view that the returns
to educational investment mature over time.

At the same time, the relationship proves fragile under more demanding specifications. The
two-way fixed-effects estimator, which discards cross-country variation, recovers only a small
and insignificant coefficient; Driscoll-Kraay standard errors, warranted by strong and
statistically confirmed cross-sectional dependence, leave the education effect only marginally
significant; and a dynamic model reveals income to be so persistent that a single year's change
in spending has no detectable contemporaneous effect. The overall picture is therefore one of
a positive but estimator-sensitive association that is carried largely by durable differences
between countries rather than by within-country changes over time, a pattern that mirrors the
Latin American growth puzzle in the domain of public finance and that resonates with the
regional literature's emphasis on the effectiveness, quality, and institutional context of
educational spending rather than its volume alone.
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The policy implication follows directly and is deliberately cautious. Raising the share of GDP
devoted to education is unlikely, on the evidence here, to deliver a reliable or rapid growth
dividend if it is pursued in isolation. What the pattern of results suggests instead is that the
growth relevance of educational spending depends on converting fiscal effort into genuine
learning and productive skills, which in turn depends on the quality of educational provision
and the efficiency and integrity of the public institutions that manage it. For governments in
the region, the priority indicated by this analysis is not simply to spend more, but to spend
better, ensuring that additional resources translate into measurable improvements in
educational achievement and, through them, into the human capital that sustains long-run
growth.

Future research can extend this work in several complementary directions. Incorporating a
direct measure of human capital would permit an explicit test of the transmission mechanism
from spending through skills to output that the present analysis can only infer. Introducing
indicators of governance and institutional quality would allow the conditioning role suggested
by the discussion to be tested rather than assumed. Adopting dynamic panel estimators with
internal instruments would strengthen causal identification against the simultaneity that
pervades the education—income relationship. And extending the time dimension, as longer
comparable series become available, would improve the power to detect the slow-maturing
effects that theory predicts. Pursued together, these extensions would move the literature
beyond the question of whether Latin America spends enough on education toward the more
consequential question of what determines whether that spending pays off.
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