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Abstract 

This study investigates the synergistic effect of combined government health and education expenditure on human 

development in Sub-Saharan Africa (SSA), departing from the conventional approach of examining sectoral 

expenditures independently. The study argues that integrating health and education expenditure into a unified 

human capital expenditure variable better captures the complementary relationship between the two sectors and 

provides a more comprehensive explanation of human development outcomes. Annual panel data (2000 -2022) for 

selected SSA countries were analysed using the Cross-Sectional Autoregressive Distributed Lag (CS-ARDL) model, 

with the Pooled Mean Group (PMG) estimator employed as a robustness check. Prior to estimation, the study 

conducted cross-sectional dependence, panel unit root, slope heterogeneity and cointegration tests to ensure the 

validity of the empirical analysis. The findings reveal that combined human capital expenditure exerts a positive 

and statistically significant long-run effect on the Human Development Index (HDI), with a 1% increase in HCEX 

improving HDI by approximately 0.063 units, while the PMG estimator confirms the robustness of the relationship 

with a coefficient of 0.042 units. Urbanization, government effectiveness and ICT access also enhance human 

development, whereas carbon emissions significantly reduce HDI. The study concludes that the effectiveness of 

public expenditure in SSA depends not only on the volume of spending but also on the coordination of investments 

across the health and education sectors. It therefore recommends that governments in Sub-Saharan Africa adopt 

an integrated human capital budgeting framework that jointly prioritizes health and education spending to 

accelerate improvements in human development and achieve the Sustainable Development Goals. 

Keywords: Health and Education expenditure; Human Development, CS-ARDL; Sub-Saharan Africa. 

 

1. Introduction 

The pursuit of human development is a foundation of 

national and global progress, which represents the very 

essence of improving the quality of human life. Its 

importance is enshrined not only in the global agendas, 

like the Millennium Development Goals (MDGs) and 

Sustainable Development Goals (SDGs) but also in 

regional blueprints such as Africa Agenda 2063 (Jibril 

& Abubakar, 2025).  It also directly correlates with 

societal stability, economic resilience, and the 

fulfillment of human potential. The Human 

Development Index (HDI) developed by the United 

Nation Development Programme (UNDP) serves as a 

critical indicator for this progress. A comparative look 

at global HDI trends reveals a world of contrasts. 

While regions like Europe and Central Asia boast an 

average HDI of 0.803, and Latin America and the 

Caribbean stand at 0.754, Sub-Saharan Africa (SSA) 

trails significantly behind with a regional average of 

just 0.547 (UNDP, 2022). This disparity places SSA at 

the epicenter of the global human development 

challenges, with over 60% of its population living in 

countries classified as having low human development. 

 

Recognizing the above critical gap, governments 

across Sub-Saharan Africa have publicly committed to 

reversing the trend through increasing public spending. 
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An analysis of general government expenditure data 

reveals a clear pattern of investment, with average 

health expenditure as a percentage of total government 

spending in SSA rising from 7.2% in 2000 to 8.1% in 

2005, and further to 8.9% by 2010. This upward trend 

continued, reaching 9.5% in 2015 and peaking at 10.8% 

in 2020, before settling at 9.7% in 2022 (World Bank, 

2023). Similarly, commitments to education have been 

evident, with allocations at 15.1% in 2000, increasing 

to 16.3% in 2005 and 16.8% in 2010. While this figure 

dipped 15.9% in 2015 and 14.2% in 2020, it had 

recovered to 15.5% by 2022 (World Bank, 2023).  

 

These figures reflect the continental commitments like 

the Dakar Framework for action (2000) and Abuja 

Declaration (2001) which demonstrate a sustained 

effort by SSA leaders to leverage health and education 

spending as a tool for human capital advancement. 

However, despite this increase, the levels of human 

development in the region have remained 

unimpressive over the last two decades as the region is 

leading with low life expectancy at birth which stood 

at 60.1 years in 2022, against the global average of 

71.4 years. In addition, the SSA has the highest figure 

of under-five mortality rate (with 74 deaths per every 

1000 birth) in the world, coupled with lowest school 

enrolment rate and least GNI per capita globally 

(UNDP, 2022). 
 

It remains unclear whether the isolated spending on 

health and education separately is the most effective 

driver of human development. This paper argues that 

the true driver of human development may not be 

found in these fragmentary budgetary approaches but 

in their aggregate or synergistic combination. This 

study posits that aggregating government health and 

education expenditure into a unified human capital 

expenditure variable provides a more effective 

explanation for human development outcomes in Sub-

Saharan Africa. This is on the premise that a healthy 

child learns better and that an educated mother raises a 

healthier family, creating a multiplier effect that 

isolated spending figures cannot capture (Bloom, 

Canning, & Chan, 2006; Jibril & Salisu, 2023). 

Accordingly, this study seeks to assess whether an 

integrated approach to investing in health and 

education offers a more effective pathway to 

improving the region’s Human Development Index 

(HDI) than the conventional fragmented public 

expenditure model. The study, thus, aims to provide 

clearer evidence to inform more coherent human 

development policy in SSA. The paper is organized as 

follows. Following the introduction, the next section 

reviews the literature, while section three describes the 

methodology. The fourth section presented discussed 

the empirical results, while the last section concludes.  

2.  Literature Review 

2.1 Conceptual Literature 

Government Education Expenditure 

Government education expenditure refers to public 

financial resources allocated for the provision, 

management, and improvement of education services 

at the primary, secondary, and tertiary levels. It 

includes recurrent expenditures such as teachers' 

salaries, instructional materials, and school 

administration, as well as capital expenditures on 

educational infrastructure, research, technology, and 

capacity development. According to the United 

Nations Educational, Scientific and Cultural 

Organization (UNESCO, 2023), sustained public 

investment in education is fundamental to developing 

human capital, reducing inequality, promoting 

innovation, and achieving sustainable economic 

development. The Human Capital Theory developed 

by Becker (1964) posits that education is an 

investment that enhances the productivity, skills, and 

earning potential of individuals, thereby contributing 

to national development. Similarly, Barro (1991) 

argued that government expenditure on education 

increases labour productivity, accelerates 

technological advancement, and stimulates long-run 

economic growth. Beyond economic outcomes, 

education empowers individuals with knowledge, 

improves social inclusion, strengthens democratic 

participation, and enhances overall well-being. 
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Consequently, government education expenditure is 

widely recognized as a critical policy instrument for 

improving educational attainment and advancing 

human development. 

Government Health Expenditure 

Government health expenditure represents public 

spending on healthcare services and programmes 

aimed at improving the health status of the population. 

It encompasses expenditures on hospitals, primary 

healthcare centers, disease prevention and control, 

immunization, maternal and child healthcare, medical 

research, health personnel training, and health 

insurance programmes. The World Health 

Organization (2024) defines government health 

expenditure as spending financed through government 

budgets and compulsory health financing schemes to 

ensure equitable access to quality healthcare services. 

Grossman (1972) conceptualized health as a form of 

human capital, arguing that investments in health 

improve individuals' productivity by increasing 

healthy life years and reducing illness. Likewise, 

Bloom, Canning, and Sevilla (2004) maintained that 

healthier populations contribute more effectively to 

economic growth through higher labour productivity, 

reduced absenteeism, and increased innovation. 

Adequate government health expenditure also reduces 

infant and maternal mortality, increases life 

expectancy, controls communicable diseases, and 

enhances the quality of life. Therefore, public 

investment in healthcare constitutes an indispensable 

pillar of sustainable human development because it 

strengthens both individual welfare and national 

productivity. 

Concept of Human Development 

Human development is a people-centered approach to 

development that focuses on expanding individuals' 

capabilities, freedoms, and opportunities to live long, 

healthy, educated, and productive lives. Unlike 

traditional measures of development that emphasize 

income growth alone, human development considers 

improvements in health, education, and living 

standards as the ultimate objectives of development. 

The United Nations Development Programme (2025) 

defines human development as the process of 

enlarging people's choices by improving their 

capabilities and enabling them to realize their full 

potential. The concept is operationalized through the 

Human Development Index (HDI), which combines 

indicators of life expectancy, educational attainment, 

and Gross National Income per capita. Sen (1999), 

through the Capability Approach, argued that 

development should be assessed by the extent to which 

individuals possess the freedom and capability to 

achieve valued ways of living rather than by income 

alone. Haq (1995) further emphasized that economic 

growth is meaningful only when it translates into 

improved human welfare through better education, 

healthcare, and living conditions. Conceptually, 

government expenditure on education and health 

constitutes two of the most important public 

investments for enhancing human development 

because they directly improve two of the three 

dimensions of the HDI while indirectly stimulating 

income generation, poverty reduction, and inclusive 

economic growth. Consequently, countries that 

prioritize education and health spending are more 

likely to experience sustained improvements in human 

development outcomes 

2.2 Empirical Literature  

A significant body of recent economic literature has 

investigated the impact of public expenditure on social 

outcomes, with a distinct focus on health and 

education as separate domains. Empirical studies since 

2019 within the Sub-Saharan African (SSA) context 

generally affirm a positive, though sometimes 

conditional, relationship between government 

spending and development indicators. For instance, 

recent studies underscore the vital role of health 

expenditure through highlighting its inefficiencies and 

contextual dependencies. Agyepong et al. (2021) in a 

study on Ghana, found that strategic health financing 

was crucial for progress towards Universal Health 

Coverage but was hampered by implementation 

bottlenecks. Similarly, Micah et al. (2022) 
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demonstrated in a multi-country analysis that while 

domestic government health spending increased, its 

impact on reducing the burden of key diseases like 

malaria was inconsistent across SSA, pointing to 

efficiency concerns. Focusing on a macroeconomic 

level, Onisanwa and Ogunjimi (2020) confirmed a link 

between health spending and life expectancy in 

Nigeria, but emphasized that the relationship was 

significantly moderated by governance factors. These 

studies collectively affirm that health spending is 

necessary but not sufficient, its efficacy mediated by 

governance, implementation quality, and 

complementary policies. 

Concurrently, research on education expenditure 

reveals parallel narratives of potential constrained by 

systemic issues. Tewari and Ibrahim (2023) found that 

in Kenya, public education financing significantly 

improved primary school completion rates, but the 

quality of learning outcomes required more than just 

increased budgets. Also, Bakare (2021) analyzed panel 

data from West Africa and established a positive 

correlation between education spending and secondary 

school enrollment, yet noted that this did not 

automatically translate into skills development for the 

labor market. Furthermore, Mugo et al. (2020) 

highlighted that the efficiency of education spending 

varied dramatically, with accountability mechanisms 

being a key determinant of successful outcomes in East 

African communities. 

This isolated approach to analysis is not unique to SSA. 

Recent studies in other regions also examine these 

expenditures independently. In a global study, Rahman 

et al. (2019) isolated the effect of health spending on 

maternal mortality, finding it a key predictor but with 

varying effectiveness across different income regions. 

In Latin America, García et al. (2022) focused 

exclusively on how education spending impacted 

intergenerational mobility in Chile, demonstrating its 

critical role in reducing inequality. A multi-regional 

study by Lee and Lee (2021) modeled health and 

education expenditures as separate determinants of 

economic growth, finding divergent effects, but did 

not explore their synergistic potential. This pattern of 

isolated investigation remains a global norm in the 

empirical literature. 

A critical analysis of this recent and robust body of 

work reveals a consistent and significant 

methodological gap. While scholars have meticulously 

dissected the individual impacts of health and 

education spending, there is a conspicuous absence of 

research that explicitly models their combined effect 

as a unified investment in human capital.  

The studies by Micah et al. (2022) and Tewari and 

Ibrahim (2023) are exemplary of this trend, 

investigating health and education outcomes in 

isolation from one another. Even comprehensive 

multi-country studies like that of Lee & Lee (2021) and 

Jibril & Abubakar (2025) not only treats these 

expenditures as competing or separate explanatory 

variables, but failed to conceptualize them as two 

facets of the same strategic investment. This isolated 

approach ignores the powerful theoretical synergies 

suggested by human capital theory, where health and 

education are interdependent. A healthy child learns 

more effectively, and an educated adult makes better 

health decisions, creating a multiplier effect that 

isolated analyses cannot capture. 

Therefore, this review concludes that the current 

literature provides a fragmented understanding of how 

public investment drives human development. The 

prevailing segregated methodology overlooks the 

holistic nature of human capability formation. This gap 

directly paves the way for the present study, which 

seeks to fill this by constructing a novel combined 

human capital expenditure variable to provide a more 

comprehensive and theoretically sound explanation of 

human development trajectories in Sub-Saharan 

Africa. Testing the synergistic effect, in this research 

will determine whether the whole of public investment 

in human capability is indeed greater than the sum of 

its parts. 
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3. Methodology 

 3.1 Data and Sources  

The study utilizes panel data spanning from 2000 to 

2023 across twenty (20) selected Sub- Saharan African 

countries.  Table 1 provides variable codes, 

descriptions, expected signs of coefficients, and data 

sources for clarity and reference. 

Table 1: Variables Description and Data Sources 

Codes Description Signs Sources 

HDI Human Development Index UNDP (2023) 

GHE Government Health Expenditure + WDI (2023) 

GEE Government Education Expenditure + WDI (2023) 

ICT Access to ICT (Mobile cellular subscriptions (per 100 people) + WDI (2023) 

FDI Foreign Direct Investment (Net inflows (current US$) + WDI (2023) 

ODA Official Dev. Assistance (Net ODA received) + WDI (2023) 

CO2 Carbon dioxide Emission (Emissions from liquid fuel consumption 

% of total)   

- WDI (2023) 

Source: Researcher’s compilations (2025) 

 

3.2 Model Specification 

This study draws inspiration Derek Perfit’s theory of 

well-being which views human development as the 

fulfillment of objective conditions such as health, 

education and a decent standard of living. Accordingly, 

following the work of Jibril & Abubakar (2025) the 

baseline model for the study is specified in equation (1) 

in which human development (HDI) is expressed as a 

linear function of government health expenditure 

(GHE), government education expenditure (GEE), and 

access to a decent standard of living (DSL): 

𝐻𝐷𝐼 = 𝑓(𝐺𝐻𝐸, 𝐺𝐸𝐸, 𝐷𝑆𝐿)              (1) 

To achieve the objective of this study, government 

expenditure on health and education are aggregated into 

a single measure of human capital expenditure (HCEX), 

while decent standard of living is proxied by 

urbanization (URB). In addition, relevant control 

variables are incorporated into the model and expressed 

as follows: 

𝐻𝐷𝐼𝑖𝑡 = 𝛼0 + 𝛽1𝐻𝐶𝐸𝑋𝑖𝑡 + 𝛽2𝑈𝑅𝐵𝑖𝑡 + 𝛽3𝐺𝐸𝐹𝐹𝑖𝑡 + 𝛽4𝑙𝑛𝐼𝐶𝑇𝑖𝑡 + 𝛽5𝐶𝑂2𝑖𝑡+𝛽6𝑙𝑛𝑂𝐷𝐴𝑖𝑡 + 𝜀𝑖𝑡           (2) 

Where HDI is the dependent variable, 𝜀𝑖𝑡 is the residual 

term, i = 1, 2, 3… N represents country and t = 1, 2, 3… 

t indicates time, 𝛼0 is constant or intercept, and 𝛽1,  𝛽2,

𝛽3,  𝛽4  ,  𝛽5  𝛽6   are the coefficients corresponding to 

the independent and control variables. (GEFF) 

Government effectiveness, Access to information and 

communication technology (ICT), Carbon dioxide 

emissions (CO2) Official Development Assistance 

(ODA), are introduced as a control variables.  

3.3 Method of Data Analysis 

The empirical analysis begins with the descriptive 

statistics and correlation analysis, followed by slope 

homogeneity test and tests for cross sectional 

dependence and to determine the appropriate technique. 

Given the cross country differences in policies and 

development paths, slope heterogeneity is critical 

concern in panel data analysis. This study therefore 

applied the Pesaran and Yamagata (2008) test to 

examine the country specific weighted slopes around 

the pooled estimates as expressed in equation 3: 

                           ∆̅=  
1

√𝑁
 (

∑ 𝑑̃𝑖 − 𝑘2
𝑁
𝑡=1

√2𝑘2

)            (3)         

 To ensure robustness, the study further employed the 

Blomquist and Westerlund (2003) tests which extends 

this approach by allowing for heteroscedasticity serial 

correlation in the errors as specified in equation 4 
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∆̅𝐻𝐴𝐶 =  √𝑁 (
𝑁−1 𝑆𝐻𝐴𝐶 − 𝐾2

√2𝐾2

)        (4) 

It is worthy to note that cross-sectional dependence may 

arise from geographical proximity and shared structural 

characteristics among countries, and its presence can 

bias estimates and compromise inference (Pesaran, 

2004). Consequently several test have been developed 

to detect common dynamics across units, including the 

Breusch-Pagan Langrange Multiplier (LM) test 

(Breusch &Pagan, 1980) whose test statistics is 

specified as follows: 

𝑦𝑖𝑡 = 𝛼𝑖𝑡 + 𝛽𝑖𝑡𝑥𝑖𝑡 + 𝜇𝑖𝑡                  (5) 

where yit , xit stands for dependent and independent 

variables and the subscript of t, and I represent cross-

section and period, respectively. Under the 

circumstance of larger cross-section units in the model, 

the LMBP test cannot handle the issue. Overcoming the 

present limitation Pesaran (2004) proposed the 

following modified Lagrange multiplier (CDlm) for 

examining cross-sectional dependency among research 

units:  

𝐶𝐷𝑙𝑚

= √
𝑁

𝑁(𝑁 − 1)
∑ ∑ (𝑇𝛿𝐼𝐽 

𝑁

𝐽=𝑖+1

𝑁−1

𝐼=1

− 1)                                                                                                          (6) 

The empirical model with larger N relative to T, CDlm 

estimation incapacity to manage this issue and resolve 

the limitation in CDlm, Pesaran (2006) offered the 

following CD test for the situation with larger N than 

T.𝐶𝐷𝑙𝑚 = √
2𝑇

𝑁(𝑁−1)
∑ ∑ (𝜌𝑖𝑗)𝑁

𝐽=𝑖+1
𝑁−1
𝐼=1    (7) 

Finally, Pesaran et al. (2008) familiarized the improved 

version of CDlm test known as the bias-corrected scaled 

LM test, and the test statistics can be derived using the 

following equation: 

𝐶𝐷𝑙𝑚 = √
2𝑇

𝑁(𝑁 − 1)
∑ ∑ (

(𝑇 − 𝐾)𝜌2𝑖𝑡 − 𝑢𝑇𝑖𝑗

𝜐2𝑖𝑡

)

𝑁

𝐽=𝑖+1

𝑁−1

𝐼=1

   (8) 

Where: K refers to the number of regresses, uTij and u2 

Tij specifies the mean and variance of (𝑇 − 𝐾)𝜌2𝑖𝑡 

respectively.  

 

If cross-sectional dependence is detected, second-

generation unit root tests are employed to avoid 

spurious results. Specifically, this study uses the cross-

sectional augmented Im, Pesaran, and Shin (CIPS) test 

developed by Pesaran (2007) which extends the unit 

root test originally proposed by Im et al. (2003). The 

(CADF) test is formulated as:

  

∆𝑌𝑖𝑡 = 𝜑𝑖 + 𝜁𝑖𝑌𝑖𝑡−1 + 𝛿𝑖𝑌̅𝑡−1 + ∑ 𝛿𝑖𝑗

𝑝

𝐽=0

Ȳ𝑡−1 +  ∑ 𝛾𝑖𝑗

𝑝

𝐽=1

𝛥𝑌𝑡−1 + 𝜀𝑖𝑡         (9) 

𝑌̅𝑡−1 𝑎𝑛𝑑  ∆ 𝑌̅𝑡−1 are average for lagged and first 

difference of each cross-sectional series. Equation (10) 

shows how calculating a cross-sectional mean of t1 is 

necessary for a CIPS calculation: 

𝐶𝐼𝑃𝑆 =
1

𝑁
∑ 𝑡1 

𝑁

𝑡−1

(𝑁, 𝑇)        (10) 

The null hypothesis of no CSD, which is tested against 

alternative hypotheses and can be rejected at the 1%, 

5%, and 10% significance levels. The study then 

examines the existence of long-run relationship among 

the variables using Westerlund (2007) second-

generation panel cointegration tests which account for 

cross-sectional dependence. The null hypothesis of no 

cointegration can be rejected at the 1%, 5%, or 10% 

significance levels. The test is specified in Equation 

(9), involves regressing the first-differenced variables 

on their own lags and the levels of the variables: 

∆𝑌𝑖𝑡 = 𝛼 + ∑ 𝛽𝑘

𝑝

𝑘=1

∆𝑌𝑖𝑡−𝑘 + ∑ 𝛾;

𝑞

𝑙=0

∆𝑌𝑖𝑡−𝑙 + 𝜀𝑖𝑡      (11) 
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Given the presence of cross-sectional dependence and 

slope heterogeneity, the study adopts the CS-ARDL 

model, propsed by Chudik and Pesaran (2015) and 

extended by Ditzen (2018). This approach overcomes 

the limitations of conventional panel method such as 

GMM, particularly in handling endogeneity, cross-

sectional dependence, and structural breaks. The CS-

ARDL model delivers robust short-run and long-run 

estimates, allow for heterogeneous slopes and remain 

valid irrespective of the variable’s integration order, 

thereby making it for comprehensive andnd efficient 

estimation techniques. The CS-ARDL Model is express 

as follows: 

𝐻𝐷𝐼𝑖,𝑡 = + ∑ 𝛿𝑖𝑡𝐻𝐷𝐼𝑖.𝑡−𝑗 

𝑝𝑦

𝑗=1

+ ∑ Ω𝑖𝑗𝑋𝑖.𝑡−𝑗  

𝑝𝑥

𝑗=0

` + ∑ 𝛽𝑖𝑗𝑍.𝑡−𝑗+𝜔1+𝜇1𝑡       (12)

𝑝𝑧

𝑗=0

 

    

Where: 𝑍𝑡−1 =𝐻𝐷𝐼𝑖.𝑡−𝑗 𝑋𝑖.𝑡−𝑗   are the averages of 

regress and and regressor (𝛽1𝐶𝐻𝐸𝑋𝑖𝑡 + +𝛽2𝑈𝑅𝐵𝑖𝑡 +

𝛽3𝐺𝐸𝐹𝐹𝑖𝑡 + 𝛽4𝐼𝐶𝑇𝑖𝑡 +  𝛽5𝐶𝑂2𝑖𝑡 + +𝛽5𝑂𝐷𝐴𝑖𝑡 ), py, 

px, pz indicate lags for each variable. Further Z 

represents cross-section averages to evade cross-

section dependence.  

4. Results and Discussion 

4.1. Results of Pre-estimations Tests 

Table 2 presents the descriptive statistics for the study. 

The results indicate an average or mean Human 

Development Index (HDI) of 0.389 in Sub-Saharan 

Africa, reflecting a low level of overall human 

development. Notably, the standard deviations of the 

variables reveal significant variability across the 

region, particularly for ICT penetration, which has a 

high value of 45.327. This points to a substantial 

inequalities in digital access among the nations. 

Furthermore, the data for all variables show positive 

skewness, with most values exceeding 1, indicating a 

rightward skew where most countries cluster below the 

mean. Similarly, the high positive kurtosis values such 

as 4.479 for government health expenditure (GHE) and 

4.879 for government education expenditure (GEE) 

suggest leptokurtic distributions characterized by 

sharp peaks and heavy tails. 

Table 2: Summary Statistics 

Statitstics HDI GHE GEE ICT CO2 ODA FDI 

 Mean 0.397 1.877 4.185 56.221 1.008 20.126 2.593 

 Median 0.286 1.412 3.561 48.817 0.374 20.395 2.575 

 Maximum 0.495 8.245 14.758 168.924 8.447 23.121 4.048 

 Minimum 0.286 0.141 0.148 0.024 0.025 15.967 -0.039 

 Std. Dev. 0.102 1.381 2.546 45.327 1.708 1.155 0.276 

 Skewness 0.200 1.414 1.330 1.503 2.918 1.676 1.947 

 Kurtosis 2.470 4.479 4.879 2.200 11.256 3.049 25.795 

 Jarque-Bera 8.429 194.72 202.75 31.56 1954.78 34.97 27.90 

 Probability (0.015) (0.000) (0.0000 (0.000) (0.000) (0.000) (0.000) 

 Observations 459 459 459 459 459 459 459 

Source: Researcher’s computation (2025) 

These foundational statistics highlight two critical 

insights for the research. First, the high variability, 

especially in ICT, underscores a region of stark 

contrasts, where aggregate means may mask deep 

disparities between nations. Second, the consistent 

right skew and leptokurtic shape of the distributions 

imply that the data is not normally distributed and is 

concentrated at lower values, with a few outlier nations 
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performing significantly better. This necessitates the 

use of robust analytical techniques that do not assume 

normality and suggests that policy interventions must 

be tailored to address both the predominant low-

performance cluster and the exceptional cases. 

The study employed pairwise correlation and variance 

inflation factor (VIF) analyses to assess 

multicollinearity among the independent variables, 

with the result reported in table 3. The correlation 

analysis shows that all independent variables are 

significantly and positively associated with human 

development index (HDI). Importantly, none of the 

correlation coefficients exceed 0.70, indicating 

absence of strong linear relationships among the 

regressors. Overall the result provide no evidence of 

multicollineairy in the model.  

 

Table 3: Results of Pairwise Correlation and Variance Inflation Factor (VIF) 

PANEL A HDI CHEX GEFF CO2 ICT ODA URB 

HDI 1.000       

        

CHEX  0.448 1.000      

 (0.000)       

GEFF 0.376 0.603 1.000     

 (0.000) (0.000)      

CO2 0.636 0.472 0.266 1.000    

 (0.000) (0.000) (0.000)     

ICT 0.719 0.380 0.259 0.392 1.000   

 (0.000) (0.000) (0.000) (0.000)    

lnODA 0.131 -0.111 0.070 -0.217 0.180 1.000  

 (0.005) (0.018) (0.135) (0.000) (0.000)   

URB 0.079 -0.112 0.018 -0.022 -0.064 0.034 1.000 

 (0.089) (0.016) (0.707) (0.637) (0.171) (0.462)  

PANEL B: VIF  4.651     3.142       2.610       1.440        1.232      1.113 

Note: P-values are in parentheses (   ). Source: Researcher’s Computation (2025) 

 

The variance inflation factor (VIF) results in panel B 

of Table 3 further confirm the absence of 

multicollinearity among the independent variables as 

all VIF values fall below the critical threshold of 5.00.  

Table 4 presents the results of the slope homogeneity 

tests using Pesaran & Yamagata (2008) and Blomquist 

& Westerlund (2013) test statistics.  

Table 4: Results of Slope Homogeneity Tests 

Tests: Pesaran & Yamagata (2008)  Blomquist & Westerlund (2013) 

 Delta(Δ) P-Value Adj.(Δ) P-Value  Delta(Δ) P-Value Adj.(Δ) P-Value 

Values  16.269 0.000 19.506            0.000  14.536            0.000 17.428            0.000 

Note: Null hypothesis: Slope coefficients are homogenous Source: Researcher’s Computation  

The results indicate rejection of the null hypothesis of 

slope homogeneity in both tests. This is evident from 

the statistically significant p-values (0.000) for both 

the Delta (Δ) and Adjusted (Adj.) statistics. The 

rejection of slope homogeneity suggest that the slope 

coefficients are not the same across the panel which is 
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also reflecting the regions diversity in institutional, 

economic and social context. Consequently, the study 

employed CS- ARDL estimators that allows for 

heterogeneous short-run effects but common long-run. 

Similarly, the results of the cross-sectional dependence 

tests in table 5 strongly reject the null hypothesis at the 

1% level. This is indicating significant 

interdependence among the SSA countries. This 

interdependence likely reflect shared regional 

economic zones, unified human development policies 

like MDGs/SDGs, trade relationships, and broader 

economic and social integration 

Table 5: Result of the Cross-section dependency Tests. 

Cross-section Dependency Test. 

Variables Breusch-Pagan LM Pesaran scaled LM Bias-corrected scaled LM Pesaran CD 

HDI 3992.38*** 195.06*** 194.603*** 63.153*** 

CHEX  1073.72*** 45.334*** 44.880*** 13.395*** 

GEFF  1224.778*** 53.083*** 62.628*** 0.1697 

CO2 1667.01*** 75.769*** 75.315*** 13.104*** 

ICT 3977.33*** 194.286*** 193.831*** 63.026*** 

lnODA  1288.34*** 56.344*** 55.889*** 26.399*** 

URB 916.321*** 37.259*** 36.805*** 16.213*** 

***, **, * denotes statistical significance at 1%, 5% and 10% levels 

The findings imply that economic changes or policy 

decisions in one country can have far-reaching 

consequences for other countries in the region. 

Following confirmation of cross-sectional dependence, 

panel unit root tests were conducted to access the 

stationarity status of the variables. As reported in Table 

6, all the variables are non- stationary at level but 

become stationary after first differencing, leading to the 

rejection of the unit root null hypothesis. Accordingly, 

all the variables are integrated of order one,[I(1)]. 

 

Table 6: Results of Panel Unit Root Tests 

             CADF           CIPS   

Variables Level 1st Diff. Level 1st Diff. Stationarity Status 

HDI -2.41   -2.790** -2.101 -4.891*** I(1) 

CHEX  -2.049 -3.253*** -2.541 -4.760*** I(1) 

GEEF  -2.29 -3.500*** -2.548 -4.668*** I(1) 

CO2 -2.225 -3.076 *** -1.558 -4.255*** I(1) 

ICT -2.376 -3.469*** -2.362 -4.264*** I(1) 

lnODA  -0.399 -8.579*** -2.959 -5.195***         I(1) 

URB -2.24 -3.824*** -2.579 -5.447*** I(1) 

Note: Null hypothesis: All panels contain unit roots, ***, **, * denotes statistical significance at 1%, 5% and 10% 

levels. Lag length selection is automatic based on Schwarz information criteria 

The Westerlund (2007) cointegration test is utilized to 

investigate the presence of long-run relationships 

among the variables in the study. This second-

generation test is particularly suitable for data 
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exhibiting cross-sectional dependence. The results, 

presented in Table 7 indicate cointegration across all 

variables leading to the rejection of the null hypothesis 

at 1% and 5% significance levels. 

Table 7: Results of Westerlund Panel Cointegration Tests 

Models CHEX-HDI         

Variance ratio                               3.563***           

Note: Null hypothesis: No cointegration, ***p < 0.01, **p < 0.05, *p < 0.10, time trend included.  Source: 

Researcher’s Computation (2024). 

 

Table 8: Results Of the CS-ARDL and PMG   

PANEL A: CS ARDL (Main Analysis)  PMG  (Robustness check ) 

Long-Run Results  Long-Run Results 

Variables Coefficient St. Err. t-Stat  Coefficient St. Err. t-Stat 

HCEX 0.063*** 0.005 13.720  0.042** 0.021 2.490 

GEFF 0.014*** 0.005 2.910  0.021** 0.009 2.270 

lnICT 0.016*** 0.001 18.180  0.030*** 0.003 9.790 

CO2 -0.006*** 0.002 -3.120  -0.017*** 0.005 -3.200 

URB  0.035* 0.019 1.842  0.008*** 0.002 3.750 

lnODA -0.016 0.002 -6.600  -0.024*** 0.006 -4.230 

PANEL B: Short-Run Results  Short-Run Results 

Variables Coefficient St. Err. t-Stat  Coefficient St. Err. t-Stat 

∆L.HDI 0.133*** 0.029 4.586     

∆HCEX 0.003*** 0.000 6.340  0.019*** 0.008 2.375 

∆GEFF 0.015 0.008 1.875  0.003* 0.001 1.870 

∆lnICT 0.009 0.007 1.310  0.006** 0.003 2.340 

∆CO2 -0.005 0.005 -1.020  -0.002 0.004 -0.430 

∆URB 0.001 0.001 0.910  -0.014 0.036 -0.390 

∆lnODA 0.002 0.008 0.200  0.001 0.002 0.720 

ECT -0.867*** 0.129 -6.730  -0.628*** 0.129 -4.868 

R-squared          0.630      

F-Stat.     0.680***      

Note that the levels of significance at 10%, 5%, and 1% are explained by the symbols *, **, and*** 

The long-run results (Panel A, Table 7) reveal that 

human capital expenditure (HCEX) has a positive and 

statistically significant impact on the human 

development index (HDI) in Sub-Saharan Africa. 

Specifically, a 1% increase in HCEX is associated with 

a 0.063 unit increase in HDI at the 1% level. This 

finding is robust, as the Pooled Mean Group (PMG) 

estimator confirms a positive relationship (0.042 units, 

significant at 5%). Other key drivers of long-term 

human development include urbanization (0.035 units 

at 10%), government effectiveness (0.014 units at 1%), 

and access to ICT (0.016 units at 1%). Conversely, CO2 

emissions have a negative and significant effect, with a 

1% increase leading to a 0.005 unit decline in HDI. 

While official development assistance (ODA) is 

insignificant in the CS-ARDL model while the PMG 

estimator suggests a negative and significant 

relationship at the 1% level. 

The short-run dynamics (Panel B) indicate that past 

values of HDI have a strong positive influence on 

current levels (coefficient of 1.333, p<0.01). Human 
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capital expenditure also shows a positive short-run 

effect (0.003 units at 1%), though other control 

variables are insignificant. The error correction term is 

negative and highly significant (-0.867, p<0.01), 

confirming a robust long-run equilibrium relationship 

and a rapid adjustment speed of about 87% from short-

run disequilibrium. With an R-squared of 0.63, the 

model demonstrates a good fit, and the consistency 

between the CS-ARDL and PMG estimators reinforces 

the reliability of these conclusions. 

The empirical results from this analysis provide an 

evidence that aggregated human capital expenditure 

positively and significantly drives human development 

in Sub-Saharan Africa. This finding holds across both 

the methodologies and this reinforces confidence in the 

conclusion that coordinated investment in health and 

education yields measurable returns for human 

development in the region. This finding aligns with 

aligns with existing literature that support integrated 

approaches to social spending. Notably include 

Miranda-Lescano et al. (2024), Shobowale, Olopade, & 

Ojewumi (2023) Sarpong & Bein (2021) who 

demonstrated in their investigation of governance and 

sustainable development on quality of life in the region. 

The implications of this findings for Sub-Saharan 

Africa is that integrated human capital investment plays 

a central role in shaping HDI outcomes. The United 

Nations Development Programme (UNDP, 2023) notes 

that SSA continues to record some of the lowest HDI 

values globally, largely due to weaknesses in life 

expectancy and schooling indicators where these very 

dimensions directly influenced by health and education 

spending. Likewise, the World Bank (2020) in its 

Human Capital Index report emphasizes that inadequate 

and fragmented investment in health and education 

constrains productivity and long-term development 

prospects in low-income regions, particularly in SSA.  

Further, the finding provides empirical justification for 

moving beyond traditional segregated approaches 

where health and education ministries compete for 

limited resources, suggesting instead that these sectors 

should be viewed as complementary investments in 

human capital formation warranting coordinated budget 

planning and implementation strategies. Furthermore, 

the robustness of this finding across Pooled Mean 

Group (PMG) strengthens confidence in the conclusion 

that governments can effectively promote human 

development through integrated social spending, 

particularly relevant for countries pursuing the 

Sustainable Development Goals where progress in 

health and education are mutually reinforcing. The 

composite measure captures the reality that human 

development outcomes depend on simultaneous 

improvements in both sectors. This reinforces the 

saying that children cannot learn effectively if 

malnourished or sick, and health interventions have 

limited long-term impact without education to support 

behavioral change and health literacy (jibril & Salisu, 

2024). 

5. Conclusion and Policy Recommendations 

The study employed Cross Sectional Autoregressive 

Distributive Lag (CS –ARDL) and Pooled Mean Group 

(PMG) to examine the synergistic effect of combined 

health and education investments on human 

development in Sub-Saharan Africa (SSA) from 2000 

to 2023.  The study concludes that in sub-Saharan 

Africa, human development outcomes are more 

effectively explained by a unified human capital 

expenditure approach than by isolated health and 

education spending. The synergy between health and 

education creates effects that conventional segregated 

approach ignores. 

The most critical recommendation is for the sub-

Saharan African governments replace the traditional 

siloed health and education budgeting with an 

integrated human capital expenditure framework that 

jointly allocates, track, and evaluates investments to 

harness the synergistic multiplier effect between the 

sectors. This shift should be accompanied by regionally 

coordinated policies to leverage cross-country spill 

overs, targeted investment in digital infrastructure to 

reduce disparities, and strengthened governance 

mechanisms to ensure that combined spending 

translates into actual improvements in human 

development outcomes.  
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