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Abstract

Women's empowerment remains central to sustainable development, yet substantial disparities
persist across Africa, with Nigeria ranking 99th of 114 countries on the Women's Empowerment
Index—far below both global and Sub-Saharan African averages. This study applies machine
learning to forecast empowerment trajectories and identify evidence-based pathways for Nigeria's
SDG 5 progress. Using the 2022 Women's Empowerment Index dataset covering 114 countries, we
integrate K-means clustering for peer group identification with linear regression modeling to
quantify determinants of empowerment. Results demonstrate that gender parity indicators explain
70.5% of global variance in empowerment scores (r = 0.839, p <0.001), establishing gender equality as
a high-leverage development strategy. Comparative analysis with African peers—Rwanda, Kenya,
Ghana, and South Africa—reveals that constitutional gender quotas, sustained educational
investments, and comprehensive reforms significantly accelerate outcomes. Forecasting scenarios
indicate Nigeria could improve its empowerment score by 8.7% by 2030, 25.9% by 2035, or 64.6% by
2040 under different policy approaches aligned with peer country achievements. These findings
demonstrate that Nigeria's empowerment deficit is policy-responsive rather than structurally
predetermined, offering policymakers actionable, time-bound benchmarks for accelerating SDG 5
achievement.

Keywords: Africa; comparative development policy; machine learning; Nigeria; Sustainable
Development Goals (SDGs); women's empowerment

1. Introduction

The 2030 Agenda for Sustainable Development established gender equality and women's
empowerment (SDG 5) as both a fundamental human right and an essential enabler of progress
across all 17 Sustainable Development Goals [1,2]. Women's empowerment directly influences
poverty reduction (SDG 1), health outcomes (SDG 3), quality education (SDG 4), economic growth
(SDG 8), and climate action (SDG 13)[3-5]. Recent research demonstrates that countries with higher
gender equality consistently outperform on multiple sustainability indicators [6,7].

In Sub-Saharan Africa, women's empowerment presents both extraordinary opportunity and
persistent challenge. African women comprise the majority of smallholder farmers, informal sector
workers, and community leaders, positioning them as critical agents for sustainable development
[8,9]. Yet structural barriers, including discriminatory legal frameworks, limited access to education
and healthcare, economic marginalization, and political underrepresentation —constrain women's
capacity to contribute fully to development processes [10,11]. The COVID-19 pandemic further
exacerbated these inequalities, reversing decades of progress across the continent [12,13].
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Nigeria, as Africa's most populous nation (over 220 million people) and largest economy,
occupies a pivotal position in continental development trajectories [14]. Yet Nigeria exhibits one of
Africa's poorest women's empowerment records, ranking 99th globally out of 114 countries and 18th
out of 28 Sub-Saharan African nations on the 2022 Women's Empowerment Index [14]. Nigerian
women hold only 4.5% of parliamentary seats —among the world's lowest rates—less than 15% of
corporate board positions, and fewer than 8% of university leadership roles [15,16]. Educational
gender gaps persist, particularly in northern regions where girls' primary school enrollment lags
boys' by over 20 percentage points [17,18]. Women face 30-40% wage gaps, limited access to credit
and land, and disproportionate responsibility for unpaid care work [19,20].

This systematic marginalization represents not merely a rights violation but a critical
impediment to achieving Nigeria's Sustainable Development Goals [21,22]. With over 60% of
Nigeria's population under age 25, decisions made today about girls' education and women's
participation will shape national development trajectories for decades [23].

Despite growing recognition of women's empowerment as a development priority, African
policymakers often lack actionable, evidence-based guidance for accelerating progress [24,25].
Existing research has documented gender inequalities through qualitative case studies and critiqued
policy implementation gaps [26-28]. However, systematic comparative analysis employing
predictive modeling to forecast realistic empowerment trajectories and identify high-leverage
interventions remains limited [29,30].

Recent studies emphasize the need for data-driven approaches to sustainable development
planning, utilizing machine learning and predictive analytics to identify intervention priorities and
forecast policy impacts [29-31]. Machine learning offers particular advantages: pattern recognition
across large datasets reveals relationships not apparent from traditional methods, clustering
algorithms identify peer groups for South-South learning, and predictive models enable scenario
analysis [32-34]. Yet applications of machine learning to gender empowerment in African contexts
remain nascent [35,36].

This study addresses these gaps by applying machine learning to forecast women's
empowerment trajectories across 114 countries, with particular focus on identifying evidence-based
pathways for Nigeria's advancement toward SDG 5 targets. Our forecasting approach integrates K-
means clustering for peer group identification, linear regression for quantifying determinants of
empowerment, and scenario modeling for projecting impacts of alternative policy approaches. By
grounding projections in actual peer country achievements rather than theoretical possibilities, we
provide policymakers with realistic, time-bound benchmarks for accelerating progress.

Research Objectives:

1. Forecast global and regional patterns in women's empowerment, quantifying the strength of
relationships between gender parity and empowerment outcomes

2. Benchmark Nigeria's empowerment performance comparatively within Africa and globally

3. Identify African peer countries that have achieved superior empowerment outcomes through
deliberate policy interventions

4.  Generate evidence-based forecasts of Nigeria's potential empowerment improvements under
alternative policy scenarios aligned with SDG planning horizons (2030, 2035, 2040)

The study makes several contributions. Methodologically, it demonstrates how accessible
machine-learning techniques can enhance comparative policy analysis for SDG monitoring in African
contexts [37,38]. Empirically, it provides comprehensive benchmarking of Nigeria within global and
regional contexts. Theoretically, it validates gender parity as a universal predictor of empowerment
outcomes, with gender parity explaining 70.5% of variance globally [39,40]. For policy, it generates
evidence-based forecasts with specific targets, timelines, and intervention packages grounded in
African peer achievements [41].
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2. Materials and Methods

2.1. Data Sources

This study draws on the 2022 Women's Empowerment Index (WEI) dataset compiled by the
United Nations Development Programme, covering 114 countries across six global regions [14,42].
The WEI tracks progress toward SDG 5 by aggregating indicators across four domains: political
participation and decision-making (SDG 5.5), economic opportunity and participation (SDG 5.a, 5.4),
educational attainment (SDG 4.5), and health and wellbeing (SDG 3.7, 5.6). Scores range from 0
(lowest empowerment) to 1 (highest empowerment). The 2022 global distribution spans from 0.141
(Yemen) to 0.828 (Sweden), with mean 0.607, median 0.583, and standard deviation 0.152.

The dataset also includes the Global Gender Parity Index (GGPI), which measures women's
representation relative to men in political, economic, and educational spheres on a 0-1 scale [43].
Additional contextual variables comprise Human Development Index categories [42], SDG regional
groupings, and World Bank income classifications.

2.2. Analytical Approach

The analysis followed a four-stage empirical framework designed to provide comprehensive
insight into Nigeria's empowerment position and potential improvement pathways. First, descriptive
statistics were used to summarize global, regional, and country-level empowerment patterns,
establishing baseline comparisons. Second, K-means clustering was applied to group countries with
similar empowerment profiles, enabling peer comparison beyond conventional income-based
classifications [37,44]. This unsupervised machine-learning technique partitions countries into
homogeneous groups based on their empowerment characteristics, revealing natural groupings that
may not align with traditional regional or economic categories. Prior to clustering, WEI and GGPI
values were standardized using z-score normalization, and the optimal number of clusters was
identified using the elbow method to balance model parsimony with explanatory power.

Third, a linear regression model was employed to quantify the relationship between gender
parity and women's empowerment:

WEI = Bo + B:1(GGPI) + ¢

where [3, represents the intercept, (31 captures the marginal effect of gender parity on empowerment
outcomes, and ¢ denotes the error term. Parameters were estimated using ordinary least squares
regression. Model performance was assessed using standard goodness-of-fit measures, including R?
(proportion of variance explained), root mean squared error (RMSE) for prediction accuracy, and 10-
fold cross-validation to evaluate model stability [38]. The linear specification prioritizes
interpretability for policy communication—each 0.1-point increase in GGPI predicts an 8.8-point
increase in WEI—while providing robust predictions across the observed range of values.

Finally, scenario-based forecasting was conducted to project Nigeria's potential empowerment
trajectories under alternative policy approaches. Rather than theoretical projections, scenarios were
grounded in empirically observed achievements of African peer countries—Ghana, Kenya, and
Rwanda—which represent education-focused, multi-sectoral, and transformative governance
pathways, respectively. Each scenario specifies: (1) target GGPI levels based on actual peer
achievement, (2) projected WEI derived from the validated regression model with 95% confidence
intervals, (3) realistic implementation timelines (2030, 2035, 2040) aligned with SDG planning
horizons, and (4) key policy interventions synthesized from documented peer experiences. This
approach provides policymakers with actionable, evidence-based benchmarks grounded in
demonstrated feasibility rather than aspirational possibilities.

2.3. Analytical Implementation

The analytical procedures were implemented using established statistical and machine-learning
techniques commonly applied in comparative development research. All analyses were conducted
using Python 3.x with scikit-learn for machine learning algorithms, pandas for data manipulation,
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and standard scientific computing libraries [45]. The focus of the implementation was on ensuring
transparency, replicability, and interpretability of results for policy-relevant analysis, rather than
algorithmic complexity. The complete analytical workflow follows reproducible research principles,
enabling validation and extension by other researchers.

2.4. Limitations

This study has several limitations that warrant acknowledgment. The use of cross-sectional data
from 2022 restricts causal inference and limits analysis of temporal dynamics and long-term
trajectories [46]. Country-level indicators may mask substantial subnational inequalities, particularly
relevant in the Nigerian context given documented north-south disparities in educational access,
economic opportunity, and cultural norms. As composite measures, empowerment indices are
subject to methodological choices regarding indicator selection, weighting schemes, and aggregation
procedures that can influence country rankings and comparisons. In addition, scenario projections
assume that Nigeria can adapt peer-country pathways despite unique contextual factors including
political economy dynamics, institutional capacity constraints, cultural specificities, and resource
availability. While the linear model prioritizes interpretability and provides robust predictions across
observed ranges, it may not fully capture non-linear relationships, threshold effects, or interactive
dynamics between different dimensions of empowerment. Nonetheless, the combined analytical
approach—integrating descriptive statistics, machine learning clustering, regression modeling, and
scenario analysis—provides a robust empirical basis for comparative assessment and policy-oriented
insight into Nigeria's empowerment challenges and opportunities.

3. Results
3.1. Global Patterns: Gender Parity as Universal Predictor

Analysis of 114 countries reveals systematic variation in women's empowerment outcomes
closely linked to broader sustainable development indicators. Regional averages range from
Europe/Northern America (0.739) to Central/Southern Asia (0.487), reflecting substantial differences
in economic development, governance quality, educational systems, cultural norms regarding
women's roles, and explicit policy commitments to gender equality as a sustainable development
priority (Figure 1).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2334.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 December 2025 d0i:10.20944/preprints202512.2334.v1

5 of 15

Figure 1: Regional Comparison of Women's Empowerment Index (2022)

0.81
0.8

0.49 0.49

Average Women's Empowerment Index (WEI)
o
N

Region

Figure 1. Regional Comparison of Women's Empowerment Index (2022) Bar chart displaying average WEI scores
across six global regions. Europe and Northern America leads (0.739), followed by Eastern Asia and South-Eastern Asia
(0.620), Latin America and the Caribbean (0.611), Northern Africa and Western Asia (0.502), Sub-Saharan Africa (0.491),
and Central Asia and Southern Asia (0.487). Sub-Saharan Africa, highlighted in magenta, ranks fourth of six regions, with
Nigeria’s score (0.444) falling 9.5% below the regional average.

Examining the GGPI-WEI relationship reveals strong positive correlation: r = 0.839 (p < 0.001),
with gender parity explaining 70.5% of variance in empowerment (R?=0.705). This remarkably strong
relationship suggests gender parity functions as a universal predictor of empowerment.

Figure 2: Relationship Between Gender Parity and Women's Empowerment (2022)
Nigeria in Global Context
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Figure 2. Relationship Between Gender Parity and Women's Empowerment—Nigeria in Global Context.
Scatter plot displaying the relationship between GGPI (x-axis) and WEI (y-axis) for all 114 countries. Nigeria is highlighted
as a magenta star. The red dashed trend line represents the linear regression model (WEI = -0.0110 + 0.8768 x GGPI, R?=
0.705). The strong positive correlation (r = 0.839) demonstrates that gender parity explains 70.5% of variance in
empowerment outcomes globally. Nigeria's position below the trend line indicates underperformance relative to its gender

parity level. Yellow text box displays correlation statistics.

This validates theoretical frameworks emphasizing gender parity's role [39,40,47]. Politically,
women's representation enhances attention to gender issues and challenges leadership stereotypes
[48-50]. Economically, women's participation enables autonomous decision-making and reduces
patriarchal dependency [3,22]. Educationally, gender parity develops human capital and credentials
women for advancement [51-53]. The empirical evidence confirms these mechanisms operate
consistently across contexts [54,55].

3.2. Nigeria's Position: Comparative Underperformance

Nigeria scores 0.444 on the WEI, ranking 99th out of 114 countries globally —placing it in the
bottom 15 countries measured. This absolute positioning indicates severe underperformance, but
comparative context reveals the deficit's magnitude more clearly. Nigeria scores 26.9% below the
global average (0.607) and 9.5% below even its Sub-Saharan African regional average (0.491). Within
Sub-Saharan Africa's 28 countries in the dataset, Nigeria ranks 18th —bottom third of its own region
despite possessing advantages including substantial oil revenues, absence of active nationwide
conflict, and constitutional democracy.

Nigeria's GGPI score of 0.514 ranks among the world's lowest, indicating severe gender parity
deficits across political, economic, and educational domains. Nigerian women's parliamentary
representation of 4.5% ranks 181st globally, far below the global average of 26% and Sub-Saharan
African average of 25% [15]. Educational gender gaps persist particularly in northern regions where
only 47% of girls attend primary school compared to 69% of boys, reflecting intersecting barriers
including poverty, cultural norms, early marriage, inadequate infrastructure, and insurgency impacts
[17,18,56]. Economically, women face gender wage gaps estimated at 30-40%, limited access to credit,
and disproportionate unpaid care work [19,20,57].

Nigeria's clustering with severely disadvantaged countries experiencing active conflict (Yemen:
0.141), extreme poverty (Niger: 0.307), or severe repression (Pakistan: 0.337) is particularly striking
given Nigeria's relative advantages [42]. This suggests Nigeria's underperformance reflects policy
failures and weak institutional implementation rather than insurmountable structural barriers
[27,58]. The comparison is humbling: Bangladesh (0.443, rank 100) performs essentially identically to
Nigeria despite lower per capita income; several conflict-affected countries including Burundi (0.530)
substantially exceed Nigeria despite facing more severe challenges.

3.3. Machine Learning Clustering: Nigeria's Peer Group

K-means clustering partitioned 114 countries into four clusters based on empowerment
characteristics. Nigeria belongs to Cluster 2, the low-empowerment cluster (WEI: 0.307-0.530, GGPI:
0.428-0.765), containing 42 countries including Bangladesh, Burkina Faso, Benin, Gambia, and Cote
d'Ivoire from Sub-Saharan Africa; Guatemala, El Salvador, and Honduras from Latin America; and
Egypt, Irag, and Jordan from Northern Africa and Western Asia.

However, Rwanda (WEI 0.565, GGPI 0.846) demonstrates that deliberate intervention can
rapidly improve gender parity even in resource-constrained contexts. The clustering reveals shared
challenges across diverse contexts while identifying outliers offering instructive lessons.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.4. Peer Comparisons: Learning from Success

Comparative analysis identifies several peer and aspirational countries offering replicable
lessons for Nigeria:

Figure 3: Nigeria Compared to Peer and Aspirational Countries

South Africa 0.680

Kenya 0.591
Rwanda _ 0.565
Ghana _ 0.524
el
5 Nigeria 0.444
Q
(V]
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Figure 3. Nigeria Compared to Peer and Aspirational Countries. Horizontal bar chart comparing Nigeria (magenta)
with peer countries having similar WEI scores (orange: Bangladesh, Burkina Faso, Benin, Gambia) and progress models
with higher empowerment (green: Ghana, Rwanda, Kenya, South Africa). WEI scores are displayed to the right of each bar.
The visualization demonstrates achievable gaps: Ghana (+18.0%), Rwanda (+27.3%), Kenya (+33.1%), and South Africa
(+563.2%) provide replicable models at different ambition levels.

Ghana (WEL: 0.524, GGPI: 0.563, Rank: 81): Most directly relevant comparator given similar
West African context, comparable development level (both Medium HDI), shared colonial history,
and comparable population size. Ghana's 18.0% empowerment advantage reflects sustained
investment in girls' education through Free Compulsory Universal Basic Education, scholarship
programs targeting vulnerable girls, community mobilization campaigns involving traditional
leaders, and incremental political reforms [9,53]. Ghana demonstrates that steady, pragmatic
approaches without dramatic institutional transformation can produce meaningful progress within
10-15-year timeframes.

Rwanda (WEI: 0.565, GGPI: 0.846, Rank: 71): Despite lower HDI than Nigeria, Rwanda achieves
27.3% higher empowerment through deliberate post-genocide political commitment. Rwanda's
constitution mandates 30% minimum female representation in all decision-making bodies,
implemented through reserved seats and party list requirements [50,59,60]. Parliament currently
contains 61% women—world's highest proportion —demonstrating how political will can overcome
severe resource constraints. Rwanda's trajectory proves transformative change is possible even in
challenged contexts if leadership commits authentically [9].

Kenya (WEI: 0.591, GGPI: 0.769, Rank: 66): East African regional leader achieving 33.1% higher
empowerment than Nigeria through combination of educational expansion (achieving near-
universal primary enrollment), economic liberalization creating opportunities for women
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entrepreneurs, civil society activism pressuring for reforms, and incremental political gains with
women holding approximately 25% of parliamentary seats [9,61]. Kenya's trajectory represents
significant but not transformative progress, balancing reform with political pragmatism —achievable
for Nigeria within 10-year timeframe.

South Africa (WEIL: 0.680, GGPI: 0.823, Rank: 40): Regional leader achieving 53.2% higher
empowerment than Nigeria, representing longer-term aspirational target. South Africa's
comprehensive post-apartheid constitutional settlement embedded gender equality provisions,
proportional representation electoral systems facilitate women's inclusion, strong civil society and
women's movements maintain pressure for implementation, and relatively developed economy
provides opportunities [9,62]. However, South Africa also reveals implementation challenges—
gender-based violence remains severe despite strong legal frameworks, and economic empowerment
lags political gains—cautioning that legislation alone proves insufficient without cultural
transformation and enforcement [62].

These comparisons validate several critical insights: structural constraints do not predetermine
outcomes (Rwanda and Ghana achieved superior results despite comparable or worse starting
conditions); multiple pathways exist (Rwanda's quota-driven transformation vs. Ghana's education-
focused incrementalism); progress requires sustained commitment (all successful countries
maintained focus across electoral cycles); and comprehensive approaches work better (South
Africa's multi-sectoral strategy achieved highest outcomes despite implementation challenges) [9,50].

3.5. Evidence-Based Scenario Projections

Drawing on peer country experiences and our validated linear regression model, we developed
three evidence-based policy scenarios projecting Nigeria's potential improvement under different
intervention approaches. Each scenario specifies target GGPI levels based on actual peer
achievements, uses our model to project corresponding WEI outcomes, and identifies key policy

interventions.
Nigeria's Potential WEI Improvement Required Gender Parity Index (GGPI)
Under Different Policy Scenarios (Al Projections) for Each Scenario
0.8
0.731 0.846
07 0.8
oe 0559 0.850
: s
06 0.563
@ os 0.483 g
- 0.444 ) 0.514
w -
2 -9
g 04 8
] o
] @ 04
'g' 03 g
H L
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2030 2035 2040 2030 2035 2040
Scenario Scenario

Figure 4. Evidence-Based Policy Scenario Projections for Nigeria. Dual-panel visualization showing Nigeria’s
potential improvement pathways. Left panel displays projected WEI scores under four scenarios with improvement
percentages: Current 2025 (0.444), Modest Progress/Ghana Model 2030 (0.483, +8.7%), Significant Progress/Kenya Model
2035 (0.559, +25.9%), and Transformative Change/Rwanda Model 2040 (0.731, +64.6%). Right panel shows
corresponding target GGPI levels required for each scenario. Color-coding distinguishes intervention levels from modest
(orange) to transformative (green). All projections are generated using the validated linear regression model based on actual

peer country achievements.
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Scenario 1: Modest Progress —Ghana Model (Target: 2030)

This scenario assumes Nigeria emulates Ghana's pragmatic approach emphasizing sustained
investment in girls' education without dramatic institutional reforms. If Nigeria achieves Ghana's
current GGPI level (0.563) through scholarship programs, infrastructure improvements (particularly
separate sanitation facilities encouraging girls' attendance), community mobilization challenging
norms against girls' education, and incremental political reforms including voluntary party quotas,
our model projects Nigeria's WEI would improve to 0.483 —an 8.7% gain from current 0.444.

Timeline: Five-year timeframe (2025-2030) aligns with typical education policy impact cycles —
interventions implemented now show measurable effects by decade's end. However, success requires
overcoming current policy inertia, allocating adequate budgets (minimum 5% of national budget to
gender programs), and sustaining implementation despite political transitions.

Key Interventions: Eliminate school fees at basic education level; construct schools in
underserved rural areas particularly northern states; recruit and deploy female teachers to regions
with severe shortages; implement menstrual hygiene management programs; launch community
engagement campaigns involving traditional and religious leaders; pass and enforce child rights
legislation prohibiting marriage under age 18 nationally.

Scenario 2: Significant Progress —Kenya Model (Target: 2035)

This scenario assumes comprehensive interventions combining educational expansion with
economic empowerment programs, moderate political reforms, strengthened legal frameworks, and
enhanced institutional capacity. If Nigeria achieves GGPI of 0.650 (Kenya's approximate level)
through these combined approaches, our model projects WEI improvement to 0.559—a 25.9% gain.

Timeline: Ten-year timeframe (2025-2035) reflects longer implementation cycles required for
comprehensive reforms affecting multiple sectors simultaneously. Success requires political
coalition-building spanning electoral cycles, substantial resource mobilization, and capacity
strengthening across government institutions.

Key Interventions: All Scenario 1 interventions plus: establish legislative gender quotas
requiring minimum 30% female representation in National Assembly, state legislatures, and local
government councils; strengthen Violence Against Persons Prohibition Act implementation across all
states through specialized courts, trained prosecutors, and victim support services; launch national
economic empowerment programs including microfinance, skills training, and entrepreneurship
support; reform corporate governance requiring gender diversity in boards of publicly listed
companies; expand girls' participation in STEM education through targeted programs; strengthen
women's organizations and civil society capacity for advocacy and monitoring.

Scenario 3: Transformative Change —Rwanda Model (Target: 2040)

This scenario assumes adoption of Rwanda's transformative approach with constitutional
gender quotas, aggressive educational expansion achieving full gender parity, comprehensive legal
reforms, and sustained political commitment over extended period. If Nigeria achieves GGPI of 0.846
(Rwanda's current level), our model projects WEI improvement to 0.731—a 64.6% gain approaching
South Africa's regional leadership position.

Timeline: Fifteen-year timeframe (2025-2040) acknowledges that transformative institutional
change requires generational commitment spanning multiple presidential and gubernatorial terms.
Rwanda's transformation occurred over approximately 20 years post-genocide, with constitutional
provisions adopted early but full implementation requiring sustained effort.

Key Interventions: All Scenario 1 and 2 interventions plus: constitutional amendment
establishing gender quotas across all government levels with strong enforcement mechanisms and
penalties for non-compliance; comprehensive education reform achieving universal gender parity
with particular focus on northern regions; economic policies promoting women's access to credit,
land ownership, and entrepreneurship at scale; cultural transformation campaigns through media,
education, and community engagement challenging patriarchal norms; security sector reforms
addressing gender-based violence systematically; establishment of strong accountability mechanisms
including independent Gender Equality Commission with investigative and enforcement powers.
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Comparative Analysis: The scenarios represent progressively ambitious interventions with
correspondingly greater potential gains but higher implementation requirements. The modest Ghana
model offers realistic near-term progress (8.7% by 2030) through focused interventions requiring
moderate political commitment. The significant Kenya model achieves substantial transformation
(25.9% by 2035) through comprehensive approaches requiring strong coalitions and sustained
resources. The transformative Rwanda model approaches regional leadership (64.6% by 2040) but
demands generational commitment, constitutional reforms, and cultural transformation —feasible
but requiring prioritization across multiple electoral cycles.

Critically, these projections are grounded in actual peer country achievements rather than
theoretical possibilities, demonstrating feasibility through existence proof. If Rwanda, despite
genocidal conflict and extreme poverty, achieved GGPI of 0.846, and if Ghana, with comparable
resources to Nigeria, achieved 0.563, Nigeria can realistically target these outcomes given political
will and sustained implementation.

4. Policy Implications and Recommendations
4.1. Key Insights

The strong GGPI-WEI correlation (r = 0.839, R? = 0.705) validates investing in gender equality as
development strategy. Gender parity explains 70.5% of empowerment variance, indicating that
interventions improving women's representation and participation translate directly into
development gains [22,54].

Nigeria's 99th ranking globally and 18th within Sub-Saharan Africa—9.5% below regional
average—indicates policy failure rather than structural inevitability. Peer countries facing
comparable constraints (Rwanda, Ghana) substantially exceed Nigeria's performance, proving
progress is achievable [9,59].

Machine learning clustering identifies realistic progression pathways: Ghana-level (0.524)
within five years, Kenya-level (0.591) within ten years, South Africa-level (0.680) within fifteen years.
Scenario modeling demonstrates 8.7% improvement by 2030, 25.9% by 2035, and 64.6% by 2040 under
different intervention approaches.

4.2. Priority Recommendations

Immediate (2025-2027):

e  Federal legislation establishing 35% gender quotas through constitutional amendment or
Electoral Act revision [50]

¢  Eliminate school fees; expand conditional cash transfers for girls' attendance

e  Harmonize Child Rights Act adoption across all states; strengthen Violence Against Persons Act
enforcement

Medium-Term (2027-2032):

e  Gender-responsive curriculum reform; STEM education promotion for girls [18,52]

e  Mandate 30% bank lending to women-owned businesses; require 20% government contracts to
women entrepreneurs

e  Establish gender focal points in all ministries; implement gender-responsive budgeting

Long-Term (2032-2040):

e  Constitutional amendment embedding gender equality without exemptions [9]
¢ National dialogue convening traditional leaders, religious leaders, and civil society
e  Establish National Gender Equality Commission as independent accountability body

4.3. Stakeholder Actions and Monitoring
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Federal Government: Demonstrate political will through appointments to "hard" portfolios,
allocate minimum 5% of budget to gender programs, enact reforms, coordinate federal-state action
[21,58].

State Governments: Progressive states pilot programs, adopt quotas, eliminate child marriage,
invest in education infrastructure [9].

Civil Society: Sustain advocacy, scale effective programs, provide services including legal aid
and scholarships [10,62].

Private Sector: Implement workplace equality policies, adopt 30% board diversity targets, fund
girls' education [22].

Monitoring Framework:

o KPIs: WEI targets (0.483 by 2030, 0.559 by 2035, 0.731 by 2040); female parliamentary

representation (30% by 2030, 50% by 2040); educational gender parity (0.95+ by 2030)

e Mechanisms: Annual progress reports, independent audits, civil society scorecards,
international benchmarking

5. Conclusions

This study employed machine learning and predictive analytics to systematically analyze
women's empowerment patterns across 114 countries, generating evidence-based insights for
Nigeria's gender policy advancement. Our analysis reveals that Nigeria, ranking 99th globally with
WEI score of 0.444, substantially underperforms relative to both the global average (0.607) and its
Sub-Saharan African regional average (0.491). This 9.5% deficit below regional peers indicates
Nigeria-specific policy failures beyond structural challenges common across developing contexts.

The analysis demonstrates strong positive correlation (r = 0.839) between gender parity and
empowerment globally, with gender parity explaining 70.5% of variance in empowerment outcomes.
This empirical finding validates that interventions improving women's political representation,
economic participation, and educational attainment directly translate into broader empowerment
gains, making the economic case for gender equality investments as development strategy rather
than merely moral imperative. Machine learning clustering grouped Nigeria with 41 other countries
sharing similar low-empowerment characteristics, while also revealing which countries represent
achievable next-tier targets.

Critically, comparative analysis reveals that peer countries with similar or even more severe
structural constraints achieved substantially higher empowerment through deliberate policy
interventions. Ghana scores 18.0% higher through sustained educational investment and incremental
reforms. Rwanda achieves 27.3% higher empowerment through constitutional gender quotas despite
lower economic development. Kenya reaches 33.1% higher through comprehensive multi-sectoral
approaches. South Africa leads the region at 53.2% above Nigeria through post-apartheid
constitutional commitments and strong legal frameworks. These comparative cases validate that
Nigeria's empowerment deficit, while substantial, is amenable to policy intervention rather than
structurally predetermined.

Evidence-based scenario modeling, grounded in actual peer country achievements and our
validated linear regression model, projects that Nigeria could realistically improve its WEI score by
8.7% by 2030 through modest Ghana-style educational reforms, 25.9% by 2035 through
comprehensive Kenya-model interventions combining educational, economic, and political reforms,
or 64.6% by 2040 through transformative Rwanda-model constitutional and institutional change.
These projections provide policymakers with actionable benchmarks and realistic timelines, moving
beyond aspirational rhetoric to concrete, achievable targets.

The study makes several scholarly contributions. Methodologically, it demonstrates how
machine learning techniques including K-means clustering and linear regression modeling can
enhance comparative policy analysis, generating insights difficult to obtain through traditional
qualitative or statistical methods alone. The analytical workflow prioritizes transparency and
interpretability, enabling replication by other scholars and adaptation to different country contexts.
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Empirically, it provides systematic evidence benchmarking Nigeria against 114 countries globally,
identifying specific empowerment deficits, quantifying the gender parity-empowerment
relationship, and modeling realistic improvement scenarios. Theoretically, it validates linkages
between gender parity interventions and broader empowerment outcomes, demonstrating that
political agency —manifested through institutional design, resource allocation, and policy
implementation —determines outcomes within structurally defined possibility spaces. Practically, it
translates abstract policy recommendations into concrete scenarios with specific targets, timelines,
and intervention packages based on proven approaches rather than theoretical possibilities.

While our analysis is subject to limitations inherent in cross-sectional data and country-level
aggregation, and while scenario projections necessarily assume adaptability of peer-country
pathways to Nigeria's unique context, the combined analytical approach—integrating descriptive
statistics, machine learning clustering, regression modeling, and comparative scenario analysis—
provides robust evidence for policy action. The consistency of findings across multiple analytical
methods strengthens confidence in the core insight: Nigeria's empowerment deficit is policy-
responsive rather than structurally predetermined.

However, translating evidence into practice confronts political economy challenges. Nigeria's
gender equality deficit persists not from ignorance of solutions but from political resistance by male
elites threatened by women's inclusion, resource constraints and competing priorities in contexts of
limited state capacity, implementation weaknesses undermining even well-designed policies, and
cultural conservatism viewing gender equality as Western imposition incompatible with African
values. Overcoming these obstacles requires sustained political mobilization, strategic coalition-
building spanning diverse stakeholders, evidence-based advocacy leveraging comparative
benchmarks, and persistent pressure from civil society, women's movements, and international
partners.

Nigeria stands at a critical juncture. One path continues the current trajectory of slow,
inadequate progress perpetuating gender inequality, squandering human capital, and falling short
of development aspirations. The alternative path embraces evidence-based transformation through
deliberate, sustained, coordinated action producing measurable empowerment gains within realistic
timeframes. The comparative evidence demonstrates feasibility —peer countries achieved dramatic
improvements through political commitment and strategic interventions. The scenario modeling
provides a roadmap with specific benchmarks, timelines, and intervention packages based on proven
approaches. The statistical analysis quantifies relationships and projections with empirical rigor.

The critical question is not whether Nigeria can improve—the evidence unequivocally
demonstrates it can—but whether Nigerian leadership, institutions, civil society, and citizens will
commit to the necessary sustained effort. With over 60% of Nigeria's population under age 25,
decisions made today about girls' education, women's economic participation, and female political
representation will shape national trajectories for decades. Educated, empowered young women can
drive development and democratic consolidation; marginalized, uneducated young women become
a lost generation perpetuating intergenerational disadvantage.

The path forward requires both urgency and realism. Urgency because Nigeria's demographic
trajectory creates both opportunity and risk, and because time remaining to achieve SDG 2030
commitments shrinks rapidly. Realism because transformation requires sustained effort spanning
electoral cycles, resources currently inadequate requiring mobilization, and capacity development
enabling effective implementation. But the evidence from Rwanda, Ghana, Kenya, and South
Africa—countries that faced comparable or more severe challenges yet achieved substantially higher
empowerment—proves that progress is possible when political will meets evidence-based strategy.

This study's evidence, analysis, and recommendations provide the knowledge base for
stakeholders choosing transformation. The ultimate measure of success lies not in academic citations
but in real-world impacts: more girls completing quality education, more women occupying
leadership positions, more equitable distribution of power and opportunities, and a more just society
where gender determines neither life chances nor leadership possibilities. Achieving this vision
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requires action translating evidence into policy, policy into implementation, and implementation into
transformed realities for millions of Nigerian girls and women. The data demonstrates the destination
is reachable; political will must chart the course.
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