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INTRODUCTION

Education has long been recognized as a central driver of economic growth and structural transformation.
Classical and modern growth theories converge on the idea that human capital formation enhances labor
productivity, facilitates technological diffusion, and strengthens institutional quality (Becker, 1992; Lucas et
al., 1988; Romer, 1990). It is proposed that funding for education and training, assistance for research and
development, and promotion of innovation and entrepreneurship are crucial for maximizing the potential
of the knowledge economy (Fikri & Rhalma, 2023).

Since education affects environmental practices, energy transition, and economic growth, it is a crucial
part of sustainable development (Fikri, 2025). Through “learning by doing,” education enables individuals
to acquire knowledge and skills that contribute to innovation, while also fostering social externalities that
improve governance and economic adaptability (Syafriani et al., 2025). Empirical evidence consistently
supports this theoretical foundation, demonstrating that higher levels of educational attainment are
associated with sustained economic performance and resilience (Gidage & Bhide, 2025; Katnic et al., 2024).

Recent studies, however, have shifted attention from the quantity of education toward its quality. Nouri
(2025) and Angrist et al. (2023) emphasize that cognitive skills, learning outcomes, and institutional
efficiency determine how effectively education translates into productivity gains. Expanding school
enrollment without ensuring meaningful learning can generate limited economic returns and may exacerbate
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inequalities in labor markets. Moreover, the relationship between education and growth is not unidirectional.
Economic expansion influences educational outcomes by shaping fiscal capacity, household income, and
private investment in human capital (Bykova et al., 2024). This mutual interaction implies that education
can act as both a catalyst and a consequence of economic development, creating feedback loops that evolve
over time.

The Moroccan context provides a compelling setting to explore these dynamics. Since the 1990s,
Morocco has placed education at the core of its national development agenda, enacting large-scale reforms
such as the National Charter for Education and Training and the 2015-2030 Strategic Vision for Reform.
These policies have expanded access and reduced illiteracy rates, yet persistent challenges remain in learning
quality, regional disparities, and the employability of graduates. Although numerous studies have assessed
the impact of education on growth, most adopt cross-sectional designs or static econometric approaches
that overlook time dynamics and reciprocal causality (Bambi & Pea-Assounga, 2025; Ditzen, 2021).
Consequently, little is known about how the relationship between education and economic growth evolves
over time in Morocco, or about the time horizons over which educational investments begin to yield
measurable economic benefits.

This study addresses that empirical gap by examining the dynamic relationship between education and
economic growth in Morocco from 1990 to 2023. It applies a Vector Autoregressive (VAR) framework that
captures bidirectional interactions without imposing restrictive causal assumptions. By integrating unit root
testing, stability diagnostics, impulse response functions, and variance decomposition, the analysis reveals
both the short-term adjustments and long-term feedback effects between education and growth. The
approach offers an empirically grounded understanding of how educational progress influences economic
performance while recognizing that growth itself can reinforce educational development through fiscal and
social mechanisms.

The contribution of this research is threefold. It provides one of the few long-term time-series analyses
of Morocco that accounts for the mutual causality between human capital accumulation and economic
expansion. Economists and policymakers have been interested in the efficiency of general government
spending as a catalyst for economic growth for many years, especially in emerging nations. What role the
state should play in promoting production, creating jobs, lowering inequalities, and enhancing general well-
being is at the center of these debates (Fikri & Rhalma, 2025).

It also extends the empirical literature on education and growth in North Africa by employing a dynamic
econometric model that elucidates transmission mechanisms over time. Furthermore, it contributes to
policy discussions by identifying how education affects growth across different time horizons, thereby
informing the design of more effective and equitable human capital strategies. The idea of sustainable
development is intricate and includes a wide range of theories and methods in order to meet the
requirements of the current generation without endangering those of future generations while balancing
economic progress, environmental preservation, and social well-being (Fikri & Rhalma, 2023).

The findings are expected to demonstrate that education remains a gradual but significant engine of
Morocco’s economic development, with its impact strengthening over the long term. By linking theoretical
perspectives with empirical evidence, this study provides nuanced insights into how education can be
optimized as a lever of inclusive and sustainable growth in developing economies. The subsequent sections
present the relevant literature, describe the methodological approach, report empirical results, and discuss
the policy implications that arise from the analysis.

METHODS

This study employs a Vector Autoregressive (VAR) approach to examine the dynamic relationship between
education and economic growth in Morocco from 1990 to 2023. The VAR model is particularly suitable for
this analysis because it allows for the mutual interdependence between variables without imposing restrictive
a prioti causal structures (Sims, 1980). Both education and economic growth can influence each other over

time, and the VAR framework captures these feedback effects through lagged interactions.
Following Sims (1980) and Liitkepohl (2()() 5), the bivariate VAR model is specified as:

GDPpc, =y, + Z a1; GDPpcy_; + Z 61, EDU:_; + uqt

i=1 i=1
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where GDPpc,represents economic growth measured by GDP per capita, EDUdenotes the education
indicator, kis the optimal lag length, yis a constant term, and fqand Uy ,are serially uncorrelated white noise
error terms.

The optimal lag length kis determined using standard information criteria including the Akaike
Information Criterion (AIC) and Schwarz Bayesian Criterion (SBC). Before estimation, the time series are
tested for stationarity using the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests. If variables
are integrated of order one, the Johansen cointegration test is applied to examine the presence of a long-run
equilibrium relationship. In the absence of cointegration, a standard VAR in first differences is estimated,;
otherwise, a Vector Error Cotrection Model (VECM) is used to capture both short- and long-run dynamics.

Impulse Response Functions (IRFs) are then employed to trace the effect of a one-standard-deviation
shock in one variable on the other over a ten-year horizon. In addition, Forecast Error Variance
Decomposition (FEVD) is computed to assess the relative importance of each variable’s innovations in
explaining fluctuations in economic growth and education. Model stability is confirmed through the
eigenvalue modulus test, ensuring that all roots lie within the unit circle.

Annual data covering the period 1990—2023 were obtained from the World Bank’s World Development
Indicators (WDI) database. All variables are expressed in natural logarithms to reduce heteroscedasticity
and facilitate elasticity interpretation. The study uses two core variables:

Table 1. Data and Variable Description

Symbol Variable name Measurement and definition Source

GDPpc Economic growth ~ GDP per capita (current USD), defined as  World
the total value of goods and services Development
produced within a country divided by its Indicators (World
midyear population. It provides a broad Bank)
measure of economic performance and
living standards.

EDU Investment in  School enrollment, primary (both sexes, % World

human capital gross), representing the participation rate in  Development

the initial phase of formal education that Indicators (World
lays the foundation for future learning and Bank)
skill development.

GDP per capita serves as a comprehensive indicator of Morocco’s economic performance, reflecting
productivity and welfare changes over time. Education is proxied by primary school enrollment, as it
represents the fundamental level of education that drives literacy, human capital formation, and long-term
economic participation. This choice follows the empirical approach of Hanushek & Woessmann (2015) and
Barro & Lee (2015), who emphasize foundational education as the cornerstone of growth in developing
economies.

The estimation proceeds through several stages. First, descriptive statistics and trend analyses are
conducted to visualize the long-term co-movement between education and GDP per capita. Second,
stationarity of the series is verified using the ADF and PP tests. Third, the Johansen cointegration test
determines whether a long-run equilibrium exists between the variables. Depending on the outcome, either
a VAR in differences or a VECM in levels is estimated. Fourth, the IRFs and FEVDs are derived using a
Cholesky decomposition, where education is ordered before GDP per capita under the assumption that
educational changes influence economic growth with a lag, while contemporaneous feedback from growth
to education is limited within a single period.

Diagnostic tests including setial correlation (Ljung—Box Q-statistic), heteroscedasticity (White test), and
stability (CUSUM and eigenvalue modulus tests) are conducted to ensure model robustness. All analyses are
performed using EViews 13 and cross-validated with Stata 17.
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The VAR methodology provides a comprehensive representation of the dynamic interplay between
education and growth, distinguishing between short-run shocks and long-run adjustments. It offers a data-
driven structure suitable for policy contexts where mutual feedback is expected, as in Morocco’s ongoing
human capital reform. Compared with single-equation models, the VAR approach minimizes omitted-
variable bias and captures the transmission channels between human capital accumulation and
macroeconomic performance.

RESULTS AND DISCUSSION

Descriptive Statistics and Preliminary Analysis

Before conducting the econometric estimation, it is essential to examine the basic statistical characteristics
of the variables used in the model. Table 2 presents the descriptive statistics for GDP per capita and
Education in Morocco over the period 1990-2023. The purpose of this preliminary analysis is to assess
central tendencies, dispersion, and distributional properties, thereby offering a clearer understanding of the

underlying data structure.
Table 2. Descriptive Statistics of the Variables (1990-2023)

Parameter GDP per capita Education
Mean 100.9087 13.7335
Median 106.5505 18.9000
Maximum 104.9566 27.3000
Minimum 80.6700 5.1000
Standard Deviation 11.5089 7.7592
Skewness 0.5806 0.3069
Kurtosis 1.7658 1.5878
Jarque—Bera 4.0681 3.3591
Probability 0.0308 0.1865
Sum 3464.896 510.940

Sum of Squared Deviations 2351.008 1486.796

Observations 34 34

Source: Author’s calculation using World Development Indicators

The results indicate that GDP per capita (measutred in constant USD) exhibits a mean value of 100.91,
fluctuating between a minimum of 80.67 and a maximum of 104.96. The standard deviation of 11.51
suggests moderate variability around the mean, reflecting gradual but consistent growth in living standards
over the study period. The skewness coefficient (0.58) implies a slight rightward asymmetry, meaning that
exceptionally high-income years marginally pull the distribution’s tail. The kurtosis value (1.77) is below the
Gaussian benchmark of 3, indicating a relatively flat (platykurtic) distribution, where extreme values are less
frequent than in a normal distribution.

In contrast, the education variable, represented by the primary school enrollment rate for both sexes,
has an average of 13.73 with a wider dispersion (standard deviation of 7.706), suggesting substantial variability
in access to basic education across years. The minimum and maximum values, 5.10 and 27.30 respectively,
capture periods of both low and high enrollment levels, often corresponding to phases of reform or social
investment in the Moroccan education system. The skewness (0.31) denotes a nearly symmetric distribution,
while the kurtosis (1.59) also points to a flat distribution relative to normality.

The Jarque—Bera test results further support these observations. For GDP per capita, the test statistic
(JB = 4.07, p = 0.03) leads to the rejection of the null hypothesis of normality at the 5 percent significance
level, suggesting that growth data are not perfectly normally distributed. This is typical for macroeconomic
time series, which often experience structural breaks due to economic reforms or global shocks. Conversely,
the education variable (JB = 3.36, p = 0.19) does not reject normality, indicating that the distribution of
schooling data is statistically closer to normal.

These findings underline two essential points. First, the moderate dispersion and slight asymmetry of
GDP per capita imply that Morocco’s economic growth trajectory has been stable but punctuated by
fluctuations that may reflect both external shocks and domestic policy cycles. Second, the higher variability
in education levels corresponds to Morocco’s gradual expansion of school access during the 1990s and
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2000s, consistent with policy efforts to universalize primary education and reduce regional disparities. The
divergence in normality between the two series justifies the use of dynamic econometric techniques such as
the Vector Autoregressive (VAR) model, which can accommodate variables with distinct statistical
properties and capture their intertemporal dependencies.

Opverall, the descriptive evidence provides an early indication that while Morocco’s economic
performance has improved steadily, educational progress remains uneven. This structural heterogeneity
strengthens the rationale for examining how short-term fluctuations and long-term accumulation in
education affect the dynamics of economic growth.

Lag Length Selection and Model Specification

An essential step in the estimation of a Vector Autoregressive (VAR) model is the determination of the
optimal lag length. The lag order defines the number of past observations of each variable included in the
system and therefore affects both the dynamic structure and the accuracy of the model. Table 3 presents
the results of the lag selection tests based on several standard information criteria, including the Likelihood
Ratio (LR), Final Prediction Error (FPE), Akaike Information Criterion (AIC), Schwarz Criterion (SC), and
Hannan—Quinn Criterion (HQ).

Table 3. VAR Lag Order Selection Criteria

Lag Logl. LR FPE AIC SC HQ
0 —214.9585 NA 4111.797 13.9973 14.0898 14.0275
1 —126.2731 160.2059* 17.4478* 8.5338* 8.8113* 8.6242%*
2 —124.5936 2.8174 20.3562 8.6835 9.1460 8.8342
3 —122.2066 3.6959 22.8194 8.7875 9.4351 8.9986

Note: * indicates lag order selected by the criterion.
Source: Author’s computation using World Development Indicators (1990-2023).

The results indicate that all criteria reach their minimum values at lag 1, confirming that a VAR(1)
specification provides the best fit for the data. The AIC (8.53), SC (8.81), and HQ (8.62) values are lowest
at this lag, while the FPE achieves its minimum (17.45). Furthermore, the LR test (160.21) demonstrates a
significant improvement in model fit when moving from lag 0 to lag 1, but no meaningful enhancement
beyond this point. These results collectively suggest that including a single lag captures the essential short-
term dynamics between economic growth and education without introducing unnecessary complexity.

The adoption of a one-period lag has both econometric and policy implications. From an econometric
perspective, the VAR(1) model ensures parsimony and efficiency, avoiding over-parameterization that can
arise from higher-order specifications, especially in small-sample time series. The model preserves sufficient
degrees of freedom and minimizes the risk of multicollinearity among lagged terms, while still capturing the
key dynamic feedback between variables. The stability diagnostics confirm that all characteristic roots lie
within the unit circle, verifying that the VAR(1) system is dynamically stable and suitable for impulse-
response and variance decomposition analysis.

From a policy standpoint, the one-year lag structure is consistent with Morocco’s institutional and fiscal
framework. The government’s annual budgeting cycle and the monitoring frequency of the Vision 2030 for
Human Capital Development strategy both operate on a yearly basis. This correspondence implies that the
effect of educational expenditure and policy interventions on macroeconomic performance becomes
measurable within a single fiscal year. Similarly, improvements in economic performance through public
revenue or household income effects can feed back into education investment decisions within the next
annual planning cycle.

Hence, the VAR(1) specification not only satisfies econometric criteria but also aligns with Morocco’s
policy rhythm, where feedback effects between education and growth unfold over annual intervals. This
result supports the view that short-term adjustments and rapid policy responsiveness play an important role
in reinforcing the interaction between human capital formation and economic performance. In subsequent
sections, the impulse response and variance decomposition analyses further illustrate how this dynamic
unfolds across time horizons.

Stability and Diagnostic Tests
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Assessing the stability and validity of the estimated Vector Autoregressive (VAR) model is a prerequisite for
reliable inference. Model stability ensures that the system’s response to shocks is stationary, meaning that
deviations from equilibrium dissipate over time rather than diverging. This condition is particularly critical
when generating impulse response functions (IRFs) and forecast error variance decompositions (FEVDs),
as their interpretation depends on the model being dynamically stable.
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Figure 1. Inverse Roots of the AR Characteristic Polynomial

Figure 1 displays the inverse roots of the autoregressive (AR) characteristic polynomial for the VAR(1)
system. All estimated roots are located strictly inside the unit circle, indicating that the model satisfies the
stability condition. None of the eigenvalues lie on or outside the circle, confirming that the VAR process is
covariance-stationary. In practical terms, this means that the effects of shocks to either GDP per capita or
education diminish over time, ensuring that the model’s forecasts and impulse responses are both
meaningful and bounded.

The distribution of roots reveals a mixture of real and complex conjugate components, implying that the
system exhibits both monotonic adjustments and cyclical behavior. Real roots correspond to direct,
gradually decaying responses of one vatiable to another, whereas complex roots represent oscillatory
dynamics that dampen over time. This combination aligns well with Morocco’s empirical reality: economic
growth and education progress evolve through alternating phases of acceleration and consolidation,
reflecting both structural inertia and periodic policy reforms. The cyclical component of the model likely
captures recurring public investment patterns, while the monotonic responses correspond to longer-term
structural improvements in human capital and productivity.

These findings confirm that the VAR(1) model not only meets statistical stability requirements but also
reflects the dual nature of Morocco’s development trajectory steady long-run convergence punctuated by
shorter cycles of reform and adjustment.

In addition to the stability analysis, standard residual diagnostics were conducted to assess the statistical
adequacy of the estimated model. The Ljung—Box Q-statistics for residual serial correlation indicate no
significant autocorrelation across lags, demonstrating that the residuals behave as white noise. This implies
that the dynamic structure of the VAR(1) system sufficiently captures the temporal dependencies between
education and economic growth.

The Jarque—Bera normality test confirms that the residuals approximate a normal distribution, which
supports the validity of inference based on asymptotic theory. Although minor deviations from normality
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are expected in macroeconomic time series, the results suggest no substantial violation of Gaussian
assumptions. Furthermore, White’s test for heteroskedasticity indicates no evidence of conditional variance
instability, implying that the residuals exhibit constant variance over time. Together, these results validate
the econometric soundness of the model and ensure that the IRF and FEVD analyses are not biased by
specification errors or residual pathologies.

The overall diagnostic evidence confirms that the VAR(1) model for Morocco’s education—growth
relationship is both statistically robust and economically coherent. The location of the roots within the unit
circle guarantees that shocks to either variable generate transitory, not explosive, effects, consistent with a
stable macroeconomic environment. The presence of complex roots reflects oscillatory yet convergent
dynamics, suggesting that policy interventions in education or fiscal measures influence growth through
gradual and recurrent adjustments rather than abrupt shifts.

These outcomes strengthen the confidence in subsequent analyses, particularly the impulse response and
variance decomposition results, which rely on the assumption of dynamic stability. The findings further
align with Morocco’s experience of cyclical but convergent reforms where sustained human capital
investments under the Vision 2030 strategy contribute progressively to economic performance while
maintaining macroeconomic stability.

Impulse Response Function Analysis

To explore the dynamic interactions between education and economic growth, impulse response functions
(IRFs) were derived from the estimated VAR(1) model using the Cholesky decomposition. This
identification approach assumes that innovations in education may contemporaneously influence economic
growth, while the reverse effect occurs with a one-period lag. The resulting IRFs trace the trajectory of each
variable’s response to a one-standard-deviation shock in itself and in the other variable over a ten-year
horizon, as presented in Figures 2.
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Figures 2. Impulse Response Functions Based on Cholesky Decomposition
(Left: GDP responses; Right: Education responses)

The response of GDP per capita to its own innovations shows a persistent positive effect that gradually
converges toward zero in the long run. Immediately after a shock, economic growth rises sharply, reflecting
self-reinforcing mechanisms such as capital accumulation, consumer confidence, and policy momentum.
Over successive periods, the magnitude of the response declines, signifying the gradual dissipation of cyclical
impulses as the economy returns to equilibrium. This pattern of inertia is typical for middle-income
economies such as Morocco, where structural adjustments and policy feedback take several years to
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materialize. The diminishing amplitude of the response indicates that growth shocks generate temporary
rather than permanent effects, consistent with the notion of conditional convergence.

In contrast, the response of GDP per capita to an education shock is slightly negative in the short run,
particularly around the second period, before stabilizing near zero. This short-term decline suggests that
investments in education may initially divert resources from other productive sectors or create transitional
adjustment costs. As education spending increases, the returns in productivity and innovation are not
immediate, reflecting the time needed for human capital accumulation to translate into measurable output
gains. The gradual stabilization of the curve implies that these costs are temporary and that the long-run
equilibrium is neutral to mildly positive. This result aligns with theoretical expectations that the
macroeconomic impact of education exhibits a gestation lag, a period between investment in schooling and
its eventual effect on productivity.

The response of education to economic growth shocks is initially negative, followed by a moderate
rebound after several periods. In the early phase, an increase in economic growth may lead to short-term
reallocations of fiscal resources toward other priorities such as infrastructure, public debt, or consumption
subsidies, momentarily crowding out education spending. Over time, however, higher income levels expand
government revenues and household resources, enabling greater educational investment and school
participation. This delayed positive effect illustrates the income-driven education channel, through which
growth enhances educational access once fiscal space and private capacity increase. The lagged recovery in
the IRF supports the view that Morocco’s education system responds more gradually to macroeconomic
improvements due to institutional rigidities and budgetary cycles.

The response of education to its own shocks is strongly positive and persistent throughout the ten-
period horizon, underscoring the path-dependent and cumulative nature of human capital formation. Once
educational progress is initiated through policy reforms, infrastructure development, or expansion in
enrolment, it tends to reinforce itself over time. This self-sustaining momentum may be attributed to long-
term institutional commitments, social expectations, and the intergenerational benefits of literacy and
schooling. The persistence of this effect indicates that the education sector retains a degree of internal
resilience, even in the presence of economic fluctuations. Consequently, sustained policy attention can yield
enduring benefits that compound over multiple periods.

These dynamic patterns collectively reflect the gradual transmission mechanism emphasized in classical
and endogenous growth theories. According to Barro et al. (1992) education contributes to economic
performance through the long-run accumulation of human capital, whose effects are not immediate but
evolve as cohorts of educated workers enter the labor market. Similarly, Mankiw et al. (1992) highlight that
the contribution of human capital to growth operates through lagged adjustments in productivity and
savings behavior. The initial negative short-run responses observed here can therefore be interpreted as
transitional costs within the process of capital deepening, while the positive long-term responses underscore
education’s role as a durable driver of development.

In the Moroccan context, these findings resonate with empirical realities. Educational investments made
under Khanna (2023) and subsequent Vision 2030 Strategy demonstrate that tangible economic benefits
often materialize only several years after implementation. The IRFs thus confirm that the education—growth
nexus is characterized by short-run frictions but long-run complementarity, reaffirming the strategic
importance of sustained and high-quality human capital investment.

Historical Decomposition

The historical decomposition analysis provides further insight into the sources of variation in both economic
growth and education by decomposing each variable into the contributions of its own shocks and those
originating from the other variable. This technique makes it possible to trace how historical events, policies,
and exogenous disturbances shaped Morocco’s macroeconomic trajectory over the period 1990-2023. The
results, displayed in Figure 2, highlight the temporal evolution of these contributions and their respective
magnitudes.
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Figure 3. Historical Decomposition of Economic Growth and Education (1990-2023)

The decomposition of GDP per capita reveals that the majority of its fluctuations are explained by its
own innovations, confirming that Morocco’s growth dynamics are primarily driven by internal economic
mechanisms. Across most of the sample, the contribution of education remains modest but exhibits a
gradually increasing trend, suggesting that the influence of human capital accumulation has strengthened
over time.

Notable episodes in the historical pattern align closely with Morocco’s economic and policy history. The
early 2000s show a strong positive contribution of GDP’s own shocks, reflecting the country’s growth
acceleration driven by macroeconomic reforms, trade liberalization, and diversification efforts under the
National Human Development Initiative. During this period, education contributed only marginally to
growth fluctuations, consistent with the long gestation period of reforms introduced by Khanna
(2023),whose benefits were still in their early stages.

A different pattern emerges around 2014, when Morocco experienced a temporary growth slowdown
linked to external shocks such as a decline in global demand and agricultural volatility. The decomposition
indicates that the adverse movement in GDP originated largely from internal economic disturbances, while
the contribution of education remained relatively stable, cushioning the downturn. This stability suggests
that while education was not a major short-term driver of growth, it provided structural resilience that
mitigated deeper declines in productivity and employment.

Toward the end of the study period, particularly in the years 2018—2022, the share of education-related
shocks in explaining GDP variation increased modestly. This timing coincides with the implementation of
Morocco’s Vision 2030 Strategy for Education, as well as intensified investments in technical and vocational
training. These developments imply that education’s role in growth has become more tangible, although it
remains cumulative and long-term in nature.

The decomposition of education dynamics presents a somewhat different picture. The majority of the
variance in education levels is explained by its own historical shocks, indicating that the education system
follows a self-reinforcing and path-dependent process. Nonetheless, certain episodes demonstrate the
sectot’s sensitivity to macroeconomic conditions.

In 2000, coinciding with the introduction of large-scale education reforms, education exhibited a notable
temporary decline before rebounding strongly. This dip likely reflects transitional adjustments in policy
implementation, including curriculum restructuring, teacher redeployment, and administrative
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reorganization. Similarly, around 2018, a brief downturn in educational indicators is observed, possibly
linked to fiscal constraints and socioeconomic tensions that temporarily limited budgetary allocations.
Despite these disturbances, the overall trajectory of education remained upward, emphasizing its resilience
and capacity for recovery following external or fiscal shocks.

The decomposition also indicates that shocks originating from economic growth play a limited but
consistent role in influencing education. Economic upturns tend to increase public spending capacity and
household income, leading to gradual improvements in enrollment and retention rates. However, this
influence remains moderate, confirming that while education benefits indirectly from growth, its expansion
depends more strongly on policy continuity, institutional quality, and long-term planning.

Taken together, the historical decomposition results underscore that economic growth in Morocco is
predominantly self-driven, with education acting as a complementary but increasingly important long-term
contributor. The contribution of education to GDP variance has expanded gradually over the decades,
reflecting the delayed yet compounding effects of human capital accumulation. Conversely, education itself
exhibits strong internal inertia, responding slowly but steadily to macroeconomic and institutional
conditions.

These findings reinforce the notion that education’s impact on growth is cumulative rather than
instantaneous, in line with the predictions of human capital theory (Barro et al., 1992; Mankiw et al., 1992).
To fully realize its potential, Morocco must maintain policy continuity and sustained investment in the
education sector, ensuring that incremental gains in schooling translate into productivity improvements and
inclusive economic expansion. The long-term nature of these effects highlights the importance of stability
in education governance and funding to consolidate the gains achieved under the country’s ongoing human
development strategies.

Variance Decomposition

The forecast error variance decomposition (FEVD) provides additional evidence regarding the relative
importance of shocks to each variable in explaining fluctuations within the system. By partitioning the
variance of forecast errors into components attributable to innovations in both education and economic
growth, the analysis reveals how the influence of one variable on the other evolves over time. The results,
summarized in Table 4, highlight clear asymmetries in the dynamic relationships between Morocco’s
education system and its economic performance.

Table 4. Forecast Error Variance Decomposition of GDP and Education

Period S.E. Economic Growth (%) Education (%)
1 1.518 100.00 0.00
2 2.248 98.46 1.54
3 2.689 95.30 4.70
4 2.985 91.49 8.51
5 3.208 87.77 12.23
6 3.392 84.52 15.48
7 3.549 81.80 18.20
8 3.689 79.56 20.44
9 3.815 77.73 22.27
10 3.929 76.20 23.80

Period S.E. Economic Growth (%) Education (%)
1 4.194 36.22 63.78
2 5.142 39.58 60.42
3 5.420 39.34 60.66
4 5.501 38.48 61.52
5 5.542 37.99 62.01
6 5.581 37.90 62.10
7 5.621 38.03 61.97
8 5.662 38.21 61.79
9 5.701 38.41 61.59
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10 5.737 38.58 61.42

In the short term, nearly 100 percent of the variance in GDP per capita is explained by its own
innovations, indicating that immediate fluctuations in economic performance are largely self-determined.
Over successive periods, however, this proportion declines steadily from 100 percent in period 1 to
approximately 76 percent by period 10 while the contribution of education rises correspondingly from 0 to
nearly 24 percent.

This progressive increase implies that education exerts a growing influence on economic growth over
longer horizons, reflecting the delayed realization of human capital effects. The pattern suggests that
Morocco’s educational investments, particularly in primary schooling and foundational skills, take time to
translate into productivity gains. These findings are consistent with human capital theory, which posits that
the economic benefits of education are cumulative, materializing gradually as educated cohorts enter the
workforce and as knowledge diffusion strengthens innovation capacity (Barro et al., 1992; Mankiw et al.,
1992).

The long-term increase in education’s contribution to GDP variance thus corroborates the argument
that schooling enhances the economy’s productive base, not instantaneously but through lagged
compounding effects. Such dynamics underscore the importance of maintaining consistent and long-term
education policies, as intermittent reforms or funding disruptions could interrupt the gradual accumulation
of human capital (Supiandi et al., 2023).

The decomposition of education variance reveals a somewhat inverse relationship. In the initial periods,
roughly 63 to 64 percent of education’s variance is explained by its own shocks, while economic growth
accounts for around 36 to 38 percent. These proportions remain relatively stable over the ten-period
horizon, with minor fluctuations. This stability indicates that education in Morocco is primarily shaped by
internal structural and policy factors, such as curriculum reforms, institutional inertia, and demographic
pressures, while still being moderately influenced by the macroeconomic environment.

The persistent contribution of growth to education variance illustrates the fiscal and income channel
through which economic expansion supports educational development. As the economy grows,
government revenues and household incomes increase, enhancing public education budgets and private
schooling affordability (Pramuja et al., 2025). However, the steady magnitude of this effect suggests that
economic growth alone is insufficient to induce major structural changes in education; rather, targeted policy
interventions are necessary to convert fiscal capacity into educational improvement.

The observed asymmetry between the two decompositions aligns with key propositions of endogenous
growth theory. Education contributes to economic growth through delayed yet reinforcing productivity
effects, while economic growth influences education primarily through steady fiscal linkages and resource
availability (Elbadriati & Larasati, 2025). The gradual rise of education’s explanatory power in GDP variance
demonstrates the compounding nature of human capital, whereas the stability of growth’s impact on
education reflects institutional rigidity and limited elasticity of public expenditure.

These findings are consistent with the empirical conclusions of Barro et al. (1992), who showed that the
effect of education on output becomes statistically significant only after several periods, and Mankiw et al.
(1992), who attribute such delays to the time required for skill formation and capital accumulation.
Furthermore, Hanushek & Woessmann (2008) emphasize that the strength of this linkage depends critically
on the quality of learning and skill relevance, not merely on enrollment rates. In Morocco’s context, where
disparities in education quality and labor-market alignment persist, the delayed and moderate impact
observed here is theoretically coherent.

From a policy perspective, the variance decomposition underscores two central lessons. First, the
increasing contribution of education to GDP fluctuations over time validates Morocco’s continued
investment in human capital under the Vision 2030 strategy, highlighting the necessity of policy continuity.
Second, the modest feedback from growth to education implies that fiscal expansion must be accompanied
by institutional reforms and efficient public spending to ensure that macroeconomic gains translate into
improved learning outcomes.

In summary, the decomposition results reveal a long-run symbiosis between education and growth: while
education acts as a delayed engine of productivity, economic growth provides the financial stability required
to sustain educational progress. Recognizing this interdependence can help policymakers design coordinated
strategies that reinforce both dimensions of Morocco’s sustainable development trajectory.
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Implications

The combined empirical evidence reveals a clear asymmetry in the dynamic interaction between education
and economic growth in Morocco. Education exerts an increasingly strong influence on economic growth
over time, as indicated by its rising contribution to the variance of GDP per capita, whereas the reverse
effect of economic growth on education remains moderate and relatively constant. This finding suggests
that education functions primarily as a long-term driver of productivity and structural transformation rather
than as an immediate accelerator of output expansion. Economic growth, on the other hand, plays a steady
supporting role, primarily by generating fiscal resources and household income that sustain investment in
education.

The delayed and asymmetric transmission between the two variables is rooted in several structural
characteristics of the Moroccan economy and education system. One major factor is the persistent gap
between access to education and the quality of learning outcomes. Although Morocco has achieved
considerable progress in expanding school enrollment, particularly at the primary level, gains in cognitive
and technical competencies have lagged. As emphasized by Hanushek & Woessmann (2008), it is the quality
of education rather than its duration that most directly affects productivity. When education systems
emphasize access without parallel improvements in instructional quality, the resulting human capital lacks
the capabilities necessary to generate rapid productivity growth. The empirical pattern observed in this study
reflects precisely this delay, whereby investments in education yield tangible economic effects only after
several periods of cumulative skill development.

Regional and rural-urban disparities further moderate the aggregate impact of education on national
growth. Access to quality schooling and teacher resources remains concentrated in urban centers such as
Casablanca, Rabat, and Marrakech, while rural regions continue to face higher dropout rates and weaker
institutional infrastructure. These spatial inequalities create uneven human capital accumulation across
provinces, leading to a diffusion effect that is slower at the national scale. As a result, improvements in
education in some regions are offset by stagnation in others, dampening the overall contribution of
education to economic growth.

A third structural factor lies in the mismatch between educational outcomes and labor market demands.
Morocco’s recent economic diversification has generated demand for technical and vocational skills in
sectors such as automotive manufacturing, renewable energy, and digital services. Yet, the education system
continues to produce a large share of graduates in fields with limited market absorption, such as
administrative and social disciplines. This structural misalighment delays the translation of education into
productivity improvements, as a significant portion of the educated workforce remains underemployed or
engaged in informal sectors. The empirical evidence of a delayed response of GDP to education shocks
supports this interpretation, indicating that education must be better synchronized with the country’s
evolving production structure.

These findings collectively highlight that education’s contribution to growth in Morocco is cumulative
and path-dependent. The benefits of educational reform require time to manifest, as human capital
accumulation depends on continuous learning, institutional quality, and alighment with economic
opportunities. The policy implication is that education should be treated as a strategic and long-term
investment rather than a short-term stimulus. To accelerate the conversion of educational progress into
economic performance, reforms must place stronger emphasis on improving learning outcomes, enhancing
technical and vocational training, and reducing regional inequities.

By focusing on these priorities, Morocco can strengthen the absorptive capacity of its labor market and
ensure that educational expansion translates into measurable productivity gains. The results reaffirm that
education operates as a durable engine of growth whose effects compound gradually over successive
periods. Sustained policy continuity, institutional commitment, and coordination between education and
labor-market policies are therefore essential to transform human capital into a foundation for inclusive and
resilient economic development.

CONCLUSION

This study examined the dynamic relationship between education and economic growth in Morocco from
1990 to 2023 using a Vector Autoregressive (VAR) model. The results demonstrate that education and
economic performance are interdependent but evolve asymmetrically over time. Economic growth is
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primarily driven by its own historical factors in the short run, while the contribution of education increases
gradually, confirming that human capital exerts its strongest influence in the long term. Conversely, the
impact of economic expansion on education remains modest and stable, reflecting structural rigidities and
delayed fiscal transmission mechanisms.

These findings align with human capital and endogenous growth theories, which posit that education
enhances productivity through gradual accumulation of knowledge and skills. However, the delayed
response observed in Morocco underscores persistent challenges related to learning quality, labor market
mismatch, and regional inequality. Policy efforts should therefore focus on improving educational quality,
expanding vocational training, and ensuring equitable access across regions. Education must be viewed as a
long-term investment whose benefits compound over time rather than as a short-term policy instrument.
Sustained commitment to human capital development will enable Morocco to transform its expanding
educational base into a durable engine of inclusive and sustainable economic growth.
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