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Abstract
Applying a novel cross-sectoral cost-effectiveness analysis of education-related interventions
on adolescent girls and young women (AGYW) in low- and middle-income countries (LMICs),
we find traditional methods focused narrowly on economic benefits dramatically underestimate
social returns, with health and social outcomes accounting for approximately 59% of total impacts.
This siloed perspective mirrors the fragmented approach to budgeting and investment common
across line ministries and donor strategies organized by sector, and may be particularly ill-suited
to the lived experience of AGYW, for whom education and life choices — including marriage and
sexual partnership — carry simultaneously economic, health, and social consequences. This study
develops and applies an integrated cross-sectoral cost-effectiveness framework that captures
the full range of returns to education-linked interventions for AGYW in LMICs, channeling the
perspective of an archetypical ministry of finance and planning. Drawing on a structured evidence
review, we model health, social, and economic outcomes using a welfare-based valuation approach
that applies explicit moral weights to enable comparison across outcome domains. Using a cash
benchmarking approach, we estimate the median cost-effectiveness of interventions analyzed was
approximately 50% above a benchmark for high-performing unconditional cash transfers. These
findings demonstrate the importance of integrating outcome measures and investment strategies
across sectors for effective policy prioritization. The framework presented can be adapted beyond
the specific use case shown, using local risk profiles, costs, and valuation assumptions, to support
cross-sectoral planning across health, education, and finance ministries.
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Applying a novel cross-sectoral cost-effectiveness analysis of education-related interventions

on adolescent girls and young women (AGYW) in low- and middle-income countries (LMICs),

we find traditional methods focused narrowly on economic benefits dramatically underestimate

social returns, with health and social outcomes accounting for approximately 59% of total impacts.

This siloed perspective mirrors the fragmented approach to budgeting and investment common

across line ministries and donor strategies organized by sector, and may be particularly ill-suited

to the lived experience of AGYW, for whom education and life choices — including marriage

and sexual partnership — carry simultaneously economic, health, and social consequences. This

study develops and applies an integrated cross-sectoral cost-effectiveness framework that captures

the full range of returns to education-linked interventions for AGYW in LMICs, channeling the

perspective of an archetypical ministry of finance and planning. Drawing on a structured evidence

review, we model health, social, and economic outcomes using a welfare-based valuation approach

that applies explicit moral weights to enable comparison across outcome domains. Using a cash

benchmarking approach, we estimate the median cost-effectiveness of interventions analyzed was

approximately 50% above a benchmark for high-performing unconditional cash transfers. These

findings demonstrate the importance of integrating outcome measures and investment strategies

across sectors for effective policy prioritization. The framework presented can be adapted beyond

the specific use case shown, using local risk profiles, costs, and valuation assumptions, to support

cross-sectoral planning across health, education, and finance ministries.

• Integrated cost-effectiveness frameworks that incorporate health, social, and economic out-

comes are essential for accurate valuation of AGYW interventions given that sector-specific

analyses substantially underestimate total program value.

• Applying such an integrated framework to 37 intervention arms across 24 studies, we find

that health and social outcomes account for approximately 59% of total program value, and

that median cost-effectiveness modestly exceeds the benchmark set by high-performing

unconditional cash transfers.

• The framework introduced here can be adapted to local risk profiles, costs, and stakeholder

valuations to support joint resource allocation across Ministries of Health, Education, and

Gender in LMICs.

1 Introduction

Adolescent girls and young women (AGYW) in low- and middle-income countries (LMICs) bear a

disproportionate burden of adverse health and social outcomes, particularly in sub-Saharan Africa.

Women and girls account for approximately 73% of new HIV infections in the region, reflecting

intersecting vulnerabilities related to gender-based violence, inequitable norms, and limited access
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to prevention and services (WHO 2021; UNAIDS 2025). AGYW in LMICs also face elevated risk

of early pregnancy and child marriage: globally, one in five girls is married before age 18, with

the majority of child brides residing in South Asia and sub-Saharan Africa (UNICEF 2023). Child

marriage substantially increases risks of violence, early pregnancy, and poor maternal and neonatal

outcomes (UNICEF 2025). In 2019, an estimated 21 million pregnancies occurred among girls aged

15–19 in LMICs, approximately half unintended (WHO 2024).

Educational disadvantage both reflects and reinforces these health risks. Despite narrowing

gender gaps in enrollment, an estimated 122 million girls in LMICs remain out of school (UNESCO

2023), with gender disparities widening during adolescence (UNESCO 2023). Girls in fragile

and conflict-affected settings, girls with disabilities, and girls from marginalized communities are

particularly educationally disadvantaged (Bonfert and Wadhwa 2024; World Bank 2024). Sexual

and reproductive health factors, including early marriage, pregnancy, and sexual harassment, are

major drivers of dropout (Wodon et al. 2017; Bonfert and Wadhwa 2024).

The COVID-19 pandemic exacerbated these challenges. Prolonged school closures increased

learning poverty in LMICs by an estimated 13 percentage points (World Bank et al. 2022), with

losses disproportionately borne by girls, placing an estimated 11 million girls at risk of never

returning to school (Hevia et al. 2021; Idara-e-Taleem-o-Aagahi 2021; UNESCO 2021; Gajderowicz

et al. 2025). School closures were also associated with declines in adolescent physical and mental

health (Viner et al. 2022; Ramaiya et al. 2023). Further, disruptions to reproductive and maternal

health services heightened risks of gender-based violence and child marriage (Ramaiya et al. 2023).

Simultaneously, the pandemic intensified fiscal pressures (Mawejje 2025) constraining sustained

investments in adolescent health and education (Kurowski et al. 2021).

These pressures are magnified by rapid demographic expansion in sub-Saharan Africa, where

youth comprise a growing share of the population and unmet needs among AGYW increasingly

shape population-level outcomes (UNFPA ESARO n.d.). Despite decades of investment, progress

in reducing HIV incidence among AGYW has stalled, suggesting existing approaches may be

insufficient to address the scale of the challenge (UNAIDS 2023).

Education and health are bidirectionally linked, with schooling influencing health outcomes

and health shaping educational participation and attainment (Verguet et al. 2015; Psaki et al. 2019).

However, policy responses remain fragmented across sectoral ministries and donor portfolios,

with AGYW investments often poorly coordinated (World Bank et al. 2022). In most LMICs,

Ministries of Health and Education allocate budgets through separate medium-term expenditure

frameworks and sector plans, with limited mechanisms for joint investment appraisal (World Bank

2013; Crawfurd et al. 2019; McGuire et al. 2019; Barroy et al. 2024; Filmer et al. 2020).

A growing literature evaluates interventions targeting AGYW, including cash transfers, safe

spaces and mentorship programs, school retention support, life skills training, and expanded sexual

and reproductive health services. Rigorous evaluations demonstrate meaningful gains across
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domains. In Malawi, conditional cash transfers increased school enrollment, while unconditional

transfers reduced adolescent pregnancy and marriage (Baird et al. 2011). In Sierra Leone, a

safe spaces and life skills program reduced early pregnancy and supported continued school

participation (Bandiera et al. 2018). A longitudinal evaluation of the multi-sectoral Adolescent

Girls Initiative–Kenya demonstrated improvements in schooling, sexual and reproductive health

knowledge, and health-seeking behaviors (Austrian et al. 2021).

Despite this progress, evidence generation remains largely siloed. Most evaluations measure

education or health outcomes, but rarely both, even when interventions plausibly affect multi-

ple domains. Economic evaluations frequently prioritize labor market outcomes, overlooking

health, fertility, and social impacts (Bandiera et al. 2018; Austrian et al. 2021). Health-sector

cost-effectiveness analyses typically emphasize disease-specific outcomes and rarely incorporate

educational attainment or broader social returns (Verguet et al. 2015). Existing priority-setting tools

used in LMICs—including WHO-CHOICE, standard health technology assessment, and Extended

Cost-Effectiveness Analysis (ECEA)— have advanced equity and distributional considerations

but remain anchored within single-sector outcome frameworks and do not provide a common

metric for comparing educational, health, and social returns (Verguet et al. 2016; Turner et al. 2021;

Hutubessy et al. 2002). Consequently, interventions with multi-sectoral effects are systematically

disadvantaged in resource allocation (Remme et al. 2014).

There is currently no standardized framework for valuing the combined education, health, and

social benefits of multi-sectoral AGYW interventions. This gap has practical consequences: AGYW

interventions may appear less cost-effective than vertical health or education programs because

substantial portions of their benefits remain unmeasured, leading governments to underinvest in

interventions that generate multiple returns (Psaki et al. 2019; World Bank et al. 2022).

This analysis addresses this gap by introducing an integrated cost-effectiveness framework that

adapts welfare-based evaluation methods developed by GiveWell (GW) and Coefficient Giving

(CG) for use in LMIC health and education policy. A central methodological debate in cross-sectoral

priority-setting concerns whether sector-specific metrics (such as DALYs or learning-adjusted

years of schooling), conventional benefit-cost ratios, or welfare-based approaches offer the most

defensible basis for comparing heterogeneous outcomes. We argue that welfare-based valuation—

anchored in explicit moral weights and a common unit of impact— offers a useful complement

to DALY-based and purely economic frameworks by making the value judgments underlying

resource allocation more easily interpretable and open to scrutiny in cross-sectoral comparisons.

The framework integrates health effects, explicit moral weighting, and comprehensive uncertainty

analysis, expressing results in a common metric that enables comparison across educational, health,

and social domains. The evidence base is concentrated in sub-Saharan Africa, with a smaller

number of studies from South Asia; findings should therefore be interpreted with attention to
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this geographic scope, and policy application requires adaptation to local risk profiles, costs, and

valuation assumptions.

2 Methods

This study has four objectives: first, to estimate the integrated cost-effectiveness of education-related

interventions targeting AGYW by incorporating their full range of health and social outcomes;

second, to compare returns across intervention types, age groups, and design features; third, to

assess sensitivity to key assumptions including moral weights; and fourth, to provide decision-

makers in LMICs—particularly those responsible for joint planning across Ministries of Health,

Education, and Gender—with a practical and adaptable framework for cross-sectoral resource

allocation.

This study develops a cost-effectiveness model to estimate the total returns to education-related

interventions targeting AGYW in LMICs. The primary analytic perspective is that of a funder

aiming to maximize social benefit per dollar spent. Costs and outcomes are modelled under a

standardized hypothetical investment of US$100 000 per intervention, enabling direct comparison

across programs. For interpretability of the cost-effectiveness estimates, we adopt the “cash

benchmarking” conceptual approach, comparing estimated cost-effectiveness of education-related

interventions to that of unconditional cash transfers. To operationalize this conceptual approach,

we set the benchmark comparator to unconditional cash transfers delivered via GiveDirectly to

low-income households in sub-Saharan Africa, estimated at 135 welfare value units of impact (the

“As Good As Cash” (AGAC) benchmark) (Coefficient Giving n.d.; Hickman 2025). We chose this

benchmark because it is theoretically grounded, interpretable, empirically well-documented, and

actively applied in real decision-making among large-scale donors, but acknowledge that it sets

a high standard for cost-effectiveness and that donors and policymakers may reasonably apply

different thresholds.

The modelling approach adapts the welfare-based valuation methods of GiveWell and Coeffi-

cient Giving, specifically their moral weighting system and log-utility income valuation (Coefficient

Giving n.d.; Hickman 2025), while introducing an original imputation framework to estimate

missing health and social outcomes from the external literature, and extending both to enable cross-

sectoral cost-effectiveness comparison. Our work is based on publicly available information about

their methods, and neither GiveWell nor Coefficient Giving explicitly endorse our methodology

or findings. An overview of the model structure is provided in Figure 2 and each component is

described below.

2.1 Study identification and selection

Eligible studies were identified through targeted keyword searches of academic and grey-literature

databases, supplemented by structured consultations with implementers and researchers. Existing

systematic reviews were cross-referenced to minimize omissions. The core aim was to identify
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studies suitable for cost-effectiveness modelling. Although this process did not constitute a formal

systematic review, it followed transparent and replicable procedures. Studies were prioritized for

inclusion if they met the following criteria: 1) randomized controlled trials or quasi-experimental

designs evaluating interventions targeting AGYW ages 10-24, 2) reported quantitative effects on

educational outcomes and at least one additional domain (income, fertility, marriage, or health), 3)

provided sufficient cost data for estimation, 4) conducted in sub-Saharan Africa and South Asia, and

5) published within the past decade. Purely descriptive, observational, and high-income-country

studies were excluded.

Studies were classified as “High,” “Medium-High,” “Medium,” “Low-Medium,” or “Low”

based on the rigor of their causal identification. Of 185 studies reviewed, 30 met initial eligibility

criteria and 24 studies (37 intervention arms) across 14 countries provided sufficient data for full

modelling (Figure 1; Table 1).

Figure 1. Study exclusion process

The modelled interventions encompassed cash transfers, scholarship programs, school meals,

safe spaces, and multi-component empowerment programs, targeting youth aged 5–23, with each
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study enrolling a substantial proportion of girls aged 10–19. Fifteen studies were rated high-quality;

10 were rated medium or medium-high. The evidence base was geographically concentrated in

sub-Saharan Africa (n=20), with five studies in South Asia.

Table 1. Studies selected for modelling.

Authors Program name (type) Location Arms

Ainul et al. (2021); Amin et al.

(2018)

BALIKA (tutoring and life skills

support)

Bangladesh 1

Baird et al. (2009, 2011, 2012,

2019)

Zomba (cash transfers) Malawi 3

Bandiera et al. (2018) BRAC ELA (package) Uganda 1

Cohen et al. (2023) Pathways (package) Nigeria 1

Davis et al. (2016); Kazianga et al.

(2019)

Girl-Friendly Schools (school-

building)

Burkina Faso 1

Duflo et al. (2006, 2015) Uniforms and HIV training

(package)

Kenya 1

Duflo et al. (2021, 2024) Scholarships Ghana 1

Akresh et al. (2013) Cash transfers Burkina Faso 4

Amaral et al. (2024) GBV training Mozambique 1

Aurino et al. (2020) School meals Ghana 1

Austrian et al. (2022, 2024) AGI-K (cash-plus) Kenya 6

Blimpo et al. (2019); Gajigo (2012) Free schooling The Gambia 1

Erulkar and Muthengi (2007) Berhane Hewan (package) Ethiopia 2

Giacobino et al. (2024) Scholarships and tutoring Niger 1

Hahn et al. (2018) Female Secondary School

Stipends

Bangladesh 1

Hamory et al. (2016) Multi-level interventions (pack-

age)

Kenya 1

Handa et al. (2015) Cash Transfer Kenya 1

Lerva et al. (2024) Big Push (package / cash trans-

fer)

Uganda 1

Muralidharan & Prakash (2017) Bicycles India 1

Palermo et al. (2021) Cash Plus Tanzania 1

Randall & Garcia (2020) Scholarships and tutoring DRC 1

Buchmann et al. (2023) Bangladesh Oil Incentive Bangladesh 1

Erulkar et al. (2020) Scalable prevention (package) Burkina Faso &

Tanzania

11

continued on next page
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Authors Program name (type) Location Arms

Lambon-Quayefio et al. (2023) RCT Malawi 1

Figure 2. Cost-effectiveness modelling framework

Each intervention arm is reduced to a single, comparable metric of impact through six steps:

1. Adapt GiveWell’s moral weights and spillover adjustments, and incorporate Coefficient
Giving’s log-utility valuation of income.

2. Apply an original approach to impute missing intervention effects from high-quality empirical
studies.

3. Calculate the number of beneficiaries reachable with a standardized US$100 000 investment.

4. Estimate cost-effectiveness using two parallel models — a conservative Reported Parameters
model and a comprehensive Full Assumptions model.

5. Express estimates in welfare value units of impact.

6. Benchmark results against the 135 welfare-value-unit “As Good As Cash” standard.

2.2 Analytic framework and valuation

The framework adapts GiveWell’s use of moral weights and spillover adjustments, incorporates

Coefficient Giving’s log-utility-based valuation of income, and applies our own approach to

imputing missing intervention effects from high-quality empirical studies. Cost-effectiveness is

estimated using two parallel models: (1) Reported Parameters Model, which relies exclusively on

outcomes and costs reported in the original studies, making minimal additional assumptions (likely

to conservatively understate total benefits); and (2) a Full Assumptions Model, which imputes missing

outcomes using external evidence, producing more comprehensive but less certain estimates.

Results are expressed in welfare value units of impact, defined as the welfare value of transferring

US$1 to an individual earning US$50 000 per year—a utility-based metric that enables comparison

of education, health, and social outcomes on a common scale. The cost-effectiveness model

applies a five-step process. First, per-beneficiary costs are extracted from primary studies; missing

components are imputed where necessary (e.g. administrative costs), and all costs are standardized

to 2024 US dollars. Second, educational impacts are standardized to additional years of schooling

per beneficiary, with standard errors retained for uncertainty analysis. Third, education gains are

converted into economic benefits. Short-term benefits, including direct cash or in-kind transfers,

are valued using a logarithmic utility function (Coefficient Giving n.d.; Hickman 2025), implying

diminishing returns to income and effectively upweighting a given dollar of income received by

lower income versus higher income individuals. Long-term income gains are estimated assuming a

6.8% increase in earnings per additional year of schooling (Duflo 2001); this is consistent with, and

conservative relative to, more recent global estimates of 9–10% (Psacharopoulos and Patrinos 2018;
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Montenegro and Patrinos 2021). Present discounted values are calculated over a 10-year horizon,

using a 4% annual discount rate (GiveWell 2023).

Fourth, health and social impacts are modelled using outcomes reported in the primary studies,

including HIV, HSV-2, pregnancy, marriage, intimate partner violence, and unwanted sex. Where

outcomes are not directly reported, indirect effects are imputed using pooled estimates from Psaki

et al. (2019) on the causal effects of education on sexual and reproductive health (Table 3). All

health and social outcomes are assigned moral weights (Table 2) and converted into welfare value

units (Psaki et al. 2019).

Table 2. GiveWell moral weights baseline.

Moral weight Utility

Value assigned to doubling consumption for one person for one year 1
Averting the death of an individual under five from malaria 117
Averting the death of an individual five or older from malaria 83
Averting the death of a 6- to 59-month-old child (VAS) 118
Averting the death of an individual under five from vaccine-preventable diseases 117
Averting the death of an individual five to 14 years old from vaccine-preventable
diseases

134

Averting the death of an individual 15–49 years old from vaccine-preventable dis-
eases

104

Averting the death of an individual 50–74 years old from vaccine-preventable dis-
eases

42

Fifth, total economic, health, and social benefits are aggregated and divided by the standard-

ized investment to generate a cost-effectiveness ratio (welfare value units per dollar). Spillover

adjustments are adapted from GiveWell’s assumptions: 10% of total benefits as within-household

spillovers and 3% of economic benefits as community-wide spillovers (GiveWell 2024; Hickman

2025).

2.3 Moral weights

Moral weights assign relative value to non-economic outcomes and are assigned relative to the

welfare value of doubling consumption for one year (Table 3). Averting an HIV infection is valued

at eight times this benchmark, preventing a child’s marriage at twice. Unintended pregnancy,

unwanted sex, and non-sexual intimate partner violence are each valued at half; HSV-2 at one-

quarter.

These weights are adapted from GiveWell’s approach, which anchors valuations to disability-

adjusted life years (DALYs) averted. Outcomes associated with substantial lifetime health burdens—

notably HIV infection, are weighted highly, consistent with valuations for life-altering illness.

Outcomes lacking well-established DALY equivalents (e.g. delayed marriage) carry provisional

weights. Although moral weights make underlying value judgments explicit and contestable—a

feature intended to support transparent priority-setting—they also introduce subjectivity. Alter-
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native reasonable valuations could materially alter estimated program benefits. Policymakers

adapting this framework to specific country contexts should consider whether the weights reflect

local stakeholder valuations, and sensitivity analyses (below) assess robustness to variation in all

moral weights.

Table 3. Value assigned to non-economic outcomes, relative to doubling consumption.

Parameter Weight Justification

One additional year of
schooling

0 We weight additional education at zero value in itself
to avoid double-counting.

Avoiding one unintended
AGYW pregnancy

0.5 Leads to school dropout, early marriage, and poor
maternal outcomes.

Avoiding one child mar-
riage

2.0 Reduces schooling; increases fertility and IPV risk.

Avoiding a case of HIV 8.0 Approximately 6–8 DALYs per case (GBD 2019).
Aligns with GiveWell valuations for life-altering ill-
ness/death.

Avoiding a case of HSV-2 0.25 Chronic, non-lethal condition with stigma and mild
DALY burden.

Avoiding a case of un-
wanted sex

0.5 Often causes trauma and mental-health effects; DALY
burden hard to quantify but plausibly high.

Avoiding a case of non-
sexual intimate partner vi-
olence

0.5 Associated with depression, injury, reproductive
harm; ≈0.3 DALYs/year on average (GBD 2019).

2.4 Imputation of missing outcomes

Under the full assumptions model, missing health and social outcomes are imputed using effect

sizes from the existing literature (Table 4). Estimates for HIV, HSV-2, marriage, and pregnancy

are drawn from Psaki et al. (2019), which reports pooled impacts per additional year of schooling.

Intimate partner violence estimates are from Behrman et al. (2016). Imputed benefits are capped

by setting-specific incidence rates to enhance contextual plausibility. All imputed parameters are

explicitly identified in the results and represent a principal source of uncertainty.

2.5 Uncertainty and simulation

Uncertainty was assessed using Monte Carlo simulation with 10 000 iterations, generating prob-

ability distributions for all parameters subject to uncertainty (Table 5). In each iteration, total

benefits were recalculated to produce a cost-effectiveness estimate, capturing uncertainty in effect

sizes, costs, moral weights, and the discount rate across both models. Mean values for HIV and

child marriage are drawn directly from GiveWell’s published moral weight framework (GiveWell

2023); weights for remaining outcomes (unintended pregnancy, HSV-2, unwanted sex, and IPV)

are informed estimates based on GBD 2019 DALY burden data (GBD 2019 Diseases and Injuries

Collaborators 2020) and team judgment, incorporated as uniform distributions in the Monte Carlo
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Table 4. Summary of imputed effects.

Imputed parameter Input Source

Percentage change in future income per additional year of schooling,
per person

6.80% Duflo 2001

Standard error 0.85% Duflo 2001
Effect (negative pp) of one year schooling on pregnancy 4.80% Psaki et al. 2019

Standard error 0.59% Psaki et al. 2019
Effect (negative pp) of one year schooling on marriage by endline 6.60% Psaki et al. 2019

Standard error 3.72% Psaki et al. 2019
Effect (negative pp) of one year schooling on HIV prevalence 11.8% Psaki et al. 2019

Standard error 8.52% Psaki et al. 2019
Effect (negative pp) of one year schooling on HSV-2 prevalence 7.50% Psaki et al. 2019

Standard error 22.50% Psaki et al. 2019
Effect (negative pp) of one year schooling on unwanted sex preva-
lence

6.1% Bandiera et al. 2018

Standard error 2.8% Bandiera et al. 2018
Effect (negative pp) of one year schooling on IPV prevalence, for
girls in relationships or marrieda

9.00% Behrman et al.
2016

Standard error 4.00% Behrman et al.
2016

Within-household spillovers to other girls in household 10% Assumption
Within-community economic spillovers 3% GiveWell Staff

2024
Note. a The imputation for intimate partner violence accounts for only the proportion of targeted AGYW in relationships
— roughly approximated as the share of girls married by endline.
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simulation to reflect uncertainty about their appropriate values. Range widths reflect plausible

bounds given the limited empirical basis for these estimates.

Table 5. Probability distributions for the main model parameters.

Parameter Distribution Mean SD Min Max

Model parameters
Discount rate Uniform 0.04 0.04 0.07
Moral weight – unintended pregnancy Uniform 0.5 0.25 0.75
Moral weight – child marriage Uniform 2 1 3
Moral weight – HIV Uniform 8 6 10
Moral weight – HSV-2 Uniform 0.25 0.25 0.5
Moral weight – unwanted sex Uniform 0.5 0.5 0.7
Moral weight – IPV Uniform 0.5 0.1 0.6
Income per school year (mean) Normal 0.068 0.0085

Outcome effects
Unintended AGYW pregnancy Normal 0.048 0.0059
Child marriage Normal 0.066 0.0372
HIV Normal 0.118 0.0852
HSV-2 Normal 0.075 0.225
Unwanted sex Normal 0.061 0.028
Intimate partner violence Normal 0.09 0.04

To identify key drivers, standardized regression coefficients were estimated by regressing

simulated returns on model inputs. As a robustness check, HIV and HSV-2 parameters were

excluded. Results indicate substantial heterogeneity in the sensitivity of returns to moral weight

and discount rate assumptions.

2.6 Heterogeneity and robustness analyses

A Bayesian hierarchical model assessed whether program impacts varied by beneficiary age group.

This approach accommodates the small sample (n=37), the simulation-derived return estimates,

and the hierarchical nesting of programs within age categories. Posterior distributions were

compared across four primary groups: Very Young (10–14), Mid (15–18), Older (19–24), and Full

Range (10–24), with two composite categories (10–18 and 15–24) also examined.

Cluster analysis assessed whether program design characteristics, such as conditionality, de-

livery platform, or intervention bundling, were associated with variation in cost-effectiveness.

Programs were grouped using the Partitioning Around Medoids (PAM) algorithm with Gower’s

distance. Median returns across clusters were compared using ANOVA. Clustering inputs com-

prised design features only, intentionally excluding cost and return estimates to ensure clusters

reflected intervention design rather than outcomes.
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2.7 Limitations

Several methodological limitations should be noted. First, the imputation of missing health out-

comes from pooled meta-analytic estimates (Behrman et al. 2016; Psaki et al. 2019) assumes that

the relationship between schooling and health outcomes is approximately linear and generalizable

across LMIC settings, which may not hold in all contexts. Second, the moral weights used to

value non-economic outcomes are adapted from GiveWell’s framework, which was developed for

philanthropic, rather than government, priority-setting; these weights have not been validated

through deliberative processes with LMIC stakeholders, and alternative valuations could materially

alter the results. The limitations associated with the use of moral weights are explicitly acknowl-

edged throughout. Third, the model does not capture implementation costs that may arise at

scale, such as political economy constraints, supply-chain requirements, or capacity-building needs,

which are likely to affect real-world cost-effectiveness. Fourth, the evidence base is concentrated in

sub-Saharan Africa and may not be representative of other LMIC regions. Fifth, the use of a stan-

dardized US$100 000 investment as the basis for comparison abstracts from real budget allocation

processes, which involve indivisibilities, fixed costs, and political constraints not captured in the

model. These limitations are revisited in the discussion in relation to the interpretation of results.

This study relied exclusively on secondary data analysis and did not require ethical approval.

3 Results

Through a structured review process, 185 studies encompassing 240 intervention arms were identi-

fied and classified by study type and methodological quality. Although the process constituted a

structured evidence review, it did not incorporate all elements typically associated with systematic

reviews (e.g. predefined search strings, date parameters, and scoring scales). Rather, the approach

was iterative in nature, drawing on resources including a collection of recent unpublished literature

reviews commissioned by the Gates Foundation. Quality ratings ranged from “High,” indicating

well-powered randomized controlled trials with strong causal validity, to “Low,” reflecting descrip-

tive or non-comparative designs, with credibility declining as methodological rigor decreased (Table

6). Studies rated as high or medium-high quality were prioritized for inclusion, while descriptive,

observational, and non-intervention studies were excluded from the model. Following screening,

24 studies comprising 37 intervention arms were included in the final model, with additional

studies contributing to parameter estimation and robustness checks. The included interventions

were diverse and often multi-component, encompassing cash transfers, scholarship programs,

school meals, safe spaces, and empowerment initiatives, and were predominantly conducted in

sub-Saharan Africa, with a smaller number from South Asia.
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Table 6. Summary of reviewed literature.

Quality assessment (relative to RCT)

Study type Studies Arms High Med.-High Medium Low-Med. Low

RCT 12 23 22 1
Cluster RCT 23 39 35 2 2
Quasi-experimental 25 41 1 10 29 1
Natural experiment 1 2 2
Model based on review 4 6 3 3
Review 46 55 11 6 26 5 7
Observational 63 63 3 24 36
Informal/grey literature 11 11 1 10

Grand total 185 240 69 19 66 33 53

3.1 Decomposition of program value

Under the societal welfare perspective adopted in this analysis and benchmarked against the

estimated impact of unconditional cash transfers (the AGAC benchmark of 135 welfare value

units), the analysis demonstrated that integrating health and social outcomes substantially alters

the valuation of education-related interventions. In the Full Assumptions model, health-related

impacts accounted for a mean of approximately 59% of total program value (IQR: 35%–83%), while

long-term economic effects contributed approximately 16% and short-term consumption gains

approximately 25% (Figure 3). For many programs, particularly those with imputed HIV effects,

the health share was considerably higher — over three-quarters of total value for the median

program. These findings indicate that evaluations restricted to educational or economic outcomes

alone substantially underestimate the total returns of AGYW interventions.

3.2 Distribution of returns

Simulated median returns across the 37 interventions exhibited substantial heterogeneity, ranging

from near-zero to approximately 2 000 welfare value units per dollar invested. Figure 4 presents

these estimates, with the upper panel displaying median returns for individual programs and

the lower panel summarizing the distribution using a boxplot; the horizontal line at 135 welfare

value units denotes the AGAC benchmark described above. The overall median return was ap-

proximately 200 welfare value units, modestly exceeding the AGAC benchmark, although a subset

of approximately 10 interventions delivered returns several times higher than the benchmark.

These findings indicate that while many AGYW interventions yield impacts comparable to, or

only marginally better than, direct cash transfers, substantial heterogeneity exists, highlighting the

potential for high value-for-money through selective investment. As mentioned above, the AGAC

benchmark sets a high standard for cost-effectiveness, and decisionmakers may reasonably choose
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Figure 3. Health benefits account for approximately 59% of total returns from schooling programs
Note. Results from Monte Carlo simulations (with 10 000 draws per program) under the full assumptions models.

lower thresholds for investment that would make the education-related interventions studied even

more attractive.

3.3 Highest- and lowest-performing interventions

A preliminary examination of the highest- and lowest-performing interventions revealed systemic

patterns in cost-effectiveness. The five highest-performing programs achieved median returns of

approximately 800–2 000 welfare value units —at least six times the AGAC benchmark—whereas

the five lowest-performing programs fell well below this threshold, shown in Figures 5 and 6. High-

performing interventions were typically characterized by low per-beneficiary costs and a narrow

focus on a single, well-defined mechanism, such as community-based discussions to prompt norm

change or modest financial incentives to delay marriage. In contrast, lower-performing programs

were more often comprehensive, multi-component interventions employing complex “cash-plus”

or “big push” models; although these approaches may generate meaningful outcomes, their higher

costs reduced overall cost-effectiveness. Taken together, these findings suggest that in this sample,

simpler, lower-cost program designs may yield higher returns per dollar invested, noting that real

world decision-making will want to include more than just cost-effectiveness considerations.

3.4 Program design clusters

Most interventions included in the analysis comprised multiple components. Cluster analysis was

conducted to assess whether specific elements within these programs were responsible for driving
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Figure 4. Most program returns exceed the cash benchmark
Note. Results are from a Monte Carlo simulation (10 000 draws per program) using the Full Assumptions model. Each
data point represents the median return from a single program’s simulation. The boxplot summarizes the distribution of
these 37 medians.

Figure 5. The top five interventions by cost-effectiveness display* *relatively large returns
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Figure 6. The bottom five interventions by return show* *very low returns and cluster together tightly

economic or health gains, and whether isolating such elements could improve impact and cost-

effectiveness. Programs were grouped according to their design features. Clusters were derived

from design features alone — conditionality, delivery platform, and bundling — intentionally

excluding cost and return estimates to ensure groupings reflected intervention architecture rather

than outcomes. This approach generated three distinct clusters:

1. Cluster 1: Multidimensional Program for the Youngest – multi-component interventions

typically targeting the youngest adolescents in the sample.

2. Cluster 2: Cash Transfers for Education – predominantly cash transfer programs reporting

education-related outcomes.

3. Cluster 3: Cash Transfers for Health – predominantly cash transfer programs reporting

health-related outcomes.

To assess whether cost-effectiveness varies across the identified clusters, median returns were

compared across groups using a one-way ANOVA. No statistically significant differences in cost-

effectiveness were detected across groups (p = 0.35), although statistical power was limited by the

small sample size.

3.5 Age-group heterogeneity

The Bayesian hierarchical model revealed meaningful variation in cost-effectiveness across ben-

eficiary age groups, although posterior distributions overlapped substantially, and individual
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program variation exceeded variation across age categories. Programs targeting Mid adolescents

(15–18) exhibited the highest median posterior returns ($176; 95% CrI: $91–$426), while programs

targeting only Very Young adolescents (10–14) showed the lowest ($75; 95% CrI: $42–$147). The

composite Very Young plus Mid category (10–18) ranked second ($163; 95% CrI: $94–$296), suggest-

ing that programs spanning the early-to-mid adolescent range may capture cumulative effects even

where the youngest cohort alone performs less well. The probability that the Older group (19–24)

outperformed the Very Young group (10–14) was approximately 91%, while comparisons among the

Mid (15–18), Older (19–24), and Full Range (10–24) categories were less conclusive. These findings

suggest that, where resources are constrained, programs targeting mid-adolescents—who are most

accessible through lower-secondary school systems—may yield higher returns per dollar invested.

The lower returns for the Very Young group may partly reflect the higher per-beneficiary costs

typical of programs targeting younger girls rather than a genuine difference in impact. As with the

broader results, this pattern may partly reflect the composition of the evidence base rather than a

generalizable age–return gradient and should be interpreted alongside the specific programmatic

mechanisms operating in each age group.

3.6 Reported vs. full-assumptions models

To assess the contribution of imputed outcomes, results from the Reported Parameters Model

(which relies solely on outcomes directly measured in primary studies) were compared with the

Full Assumptions Model (which incorporates imputed health and social effects). Median cost-

effectiveness under the Reported Parameters Model was 60 welfare value units — approximately

half the AGAC benchmark — reflecting only educational and short-term economic gains. Under

the Full Assumptions Model, median cost-effectiveness rose to 200 welfare value units, a more

than threefold increase driven primarily by imputed reductions in HIV, unintended pregnancy,

and child marriage. The relative ranking of interventions was broadly preserved across both

models: programs that performed well under reported parameters also tended to perform well

under full assumptions, although the magnitude of estimated returns was substantially larger.

This consistency suggests that the framework’s comparative conclusions are reasonably robust,

even as absolute estimates remain sensitive to imputation. The results of both models for all 37

interventions are presented in Appendix 1.

3.7 Sensitivity analysis

To identify which model parameters exert the greatest influence on cost-effectiveness estimates,

sensitivity analysis was conducted using linear regression. Simulated program returns were

regressed on all model inputs—including the discount rate, moral weights, and imputed health

effects—to estimate the marginal association between variation in each parameter and variation

in estimated returns. This approach identifies parameters with the strongest marginal predictive

power but does not measure their substantive importance in an absolute sense.
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Results presented in Figure 7 indicate that HIV and HSV-2 exhibit the largest standardized

coefficients and are therefore the strongest predictors of overall cost-effectiveness. This finding

is consistent with the core model: HIV is assigned a high moral weight, such that even modest

reductions in transmission generate substantial gains in terms of cost-effectiveness. In contrast, sev-

eral other parameters—including the discount rate and other moral weights— exhibit coefficients

clustered near zero, indicating comparatively limited influence. Taken together, these findings

underscore that imputation of health outcome effects and the moral weights assigned to those

outcomes are key determinants of estimated program returns.

Figure 7. HIV and HSV-2 have large effect sizes on the program’s overall return

The contribution of these health effects was further examined by removing HIV and HSV-2

impacts from the model. Figure 8 compares the distribution of median cost-effectiveness estimates

from the Base Model with those of a model where HIV and HSV-2 are removed. Circle size denotes

median cost per beneficiary for each program.

Excluding these outcomes shifts the distribution of cost-effectiveness estimates leftward, reflect-

ing lower overall cost-effectiveness. This reduction is most pronounced among programs with the

highest Base Model returns, for which HIV-related impacts account for a substantial share of total

benefits. Nonetheless, the shape of the distribution remains broadly similar: a sizable proportion of
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interventions continue to cluster around the AGAC benchmark, and several still exceed it, albeit

by smaller margins. These results confirm that while estimates are sensitive to high-value health

outcomes, the structure of the model is robust, and not driven solely by HIV and HSV-2 effects.

Consistent with earlier findings, programs with lower per-beneficiary costs remain among the

most cost-effective, a pattern that is robust to the exclusion of HIV and HSV-2 benefits. These

findings underscore both the importance of including health measures in evaluations and the need

for transparency about which health effects are directly observed versus imputed — a distinction

that should inform how confidently decision-makers interpret the magnitude of estimated returns.

Figure 8. Removing HIV/HSV-2 effects on the models reduces return calculations substantially

4 Discussion

This analysis demonstrates that health and social outcomes account for approximately 59% of total

estimated program value for education-related interventions targeting AGYW in LMICs. This

finding confirms our core hypothesis that conventional education-focused evaluations substantially

underestimate total returns. These findings are consistent with a wider literature documenting the

established causal pathways between schooling and long-term health, as well as the economic and

social costs associated with child marriage and early fertility (Wodon et al. 2017; Psaki et al. 2019).
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Median cost-effectiveness of the 37 intervention arms was approximately 200 welfare value

units, modestly exceeding the unconditional cash transfer benchmark of 135 welfare value units

(GiveWell 2024; GiveWell Staff 2024; Oehlsen 2024). However, returns were highly heterogeneous,

ranging from near-zero to approximately 2 000 welfare value units. Simpler, lower-cost programs —

such as conditional transfers in rural Bangladesh that offered cooking oil to households of unmar-

ried girls aged 15–17, provided they remained unmarried until age 18 — tended to outperform

more complex, expensive interventions, such as the Adolescent Girls Initiative (AGI-K) in Kenya —

in terms of cost-effectiveness (Kangwana et al. 2022; Buchmann et al. 2023; Austrian et al. 2024).

This pattern may reflect higher operational costs rather than lower effectiveness in absolute terms

and should be interpreted cautiously given that complex programs may operate in more difficult

contexts or generate benefits not captured in this framework.

Sensitivity analysis indicated that cost-effectiveness estimates were most sensitive to the moral

weights and imputed effect sizes assigned to HIV and HSV-2, which were the dominant drivers of

health-related returns (GBD 2019; Diseases and Injuries Collaborators 2020; WHO 2020; GiveWell

2023). This finding reflects the high moral weight assigned to HIV avoidance relative to other

outcomes, and the substantial uncertainty in the pooled estimates of schooling effects on HIV

prevalence drawn from Psaki et al. (2019).

These findings are highly relevant to current debates regarding priority-setting tools in LMICs.

Frameworks such as WHO-CHOICE enable essential comparison of health interventions using

the DALY metric, but are not designed to incorporate non-health outcomes, such as education,

early marriage, and income (Hutubessy et al. 2002; Ottersen and Norheim 2014). Extended Cost-

Effectiveness Analysis (ECEA) incorporates financial risk protection and distributional equity, but

similarly remains anchored within health-sector objectives without valuing the broader social

or educational returns of an intervention (Verguet et al. 2015; Verguet et al. 2016; Fraser et al.

2024). Standard health technology assessment (HTA), while increasingly institutionalized in LMICs,

typically evaluates single technologies against a cost-per-DALY threshold and does not provide a

basis for comparing programs with benefits across multiple sectors (Chalkidou et al. 2016; Nemzoff

et al. 2025). The welfare-based approach applied here addresses these gaps by expressing health,

educational, and social outcomes on a common scale, although it does not capture the distributional

effects that ECEA or distributional cost-effectiveness analysis (DCEA) are designed to measure.

DALYs remain the predominant metric in LMIC health priority-setting and are embedded in

institutional processes. However, standard cost-effectiveness often misses dimensions of value, such

as the equity criteria, that are critical to ministerial decision-making outside of health (Norheim et al.

2014). The welfare-based approach used here, rooted in the Mincer-equation tradition, is intended

as a complement to existing metrics rather than a replacement, and could be used alongside DALY-

based analyses in joint planning processes (Duflo 2001). Integrating equity weights from ECEA or

DCEA alongside moral weights would strengthen the framework by capturing distributional as
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well as aggregate impact, and this represents a priority for further methodological development

(Asaria et al. 2016; Cookson et al. 2017).

The framework could be applied within existing joint health-education sector review processes.

These platforms offer a natural entry point for the joint investment appraisal of programs tar-

geting adolescent girls and young women, where interventions yield returns that are otherwise

fragmented across ministry silos. Such appraisals could inform the allocation of shared budget

envelopes, moving away from “fixed” benefits packages that often fail to account for non-health

consequences (Glassman et al. 2017). This approach directly addresses the growing policy demand

for integrated strategies that empower girls through education to achieve long-term economic and

health outcomes (World Bank 2024). However, the leadership for such frameworks should not rest

with a single ministry. To successfully institutionalize cross-sectoral resource allocation, Ministries

of Finance or national planning commissions should take the lead. These central agencies are better

positioned to evaluate the comprehensive investment case for health and education, ensuring that

budget allocations reflect their high rate of return on human capital and economic growth (Jamison

et al. 2013; Stenberg et al. 2017).

Routine application of the framework would require a coordinated data infrastructure. While

many LMICs already collect the necessary baseline metrics – HIV incidence, adolescent pregnancy,

and child marriage, education outcomes, and program costs – through Demographic and Health

Surveys (DHS), Multiple Indicator Cluster Surveys (MICS), and Education Management Informa-

tion Systems (EMIS), they are rarely synthesized into a single analytic platform (Countdown to

2030 Collaboration 2018; UNICEF 2018; UNAIDS 2023; UNESCO 2023; UNAIDS 2025; UNICEF

2025).

The observed heterogeneity in returns across programs should be interpreted with caution, as

complex programs may better target hard-to-reach populations or produce benefits not captured

by this framework, such as psychosocial well-being, increased agency, or the accumulation of

social capital. Complex, multi-component interventions—such as the BRAC ELA model—have

demonstrated high performance in specific domains despite their high delivery costs (Bandiera et

al. 2018). Conversely, evaluations like the AGI-K study show that while multi-sectoral packages

may yield lower cost-effectiveness in a narrow health-only space, they often successfully influence

unmeasured psychosocial pathways that are critical for long-term resilience (Gibbs et al. 2012;

Austrian et al. 2021; Austrian et al. 2024).

The absence of statistically significant differences across program design clusters (ANOVA

p=0.35) should not be interpreted as a definitive null finding given the small sample size (n=37).

This exploratory analysis suggests that while program designs differed substantially, design fea-

tures alone did not reliably explain variation in cost-effectiveness; instead, contextual factors and

implementation quality may have played a more influential role (Erulkar and Muthengi 2007;

Erulkar et al. 2020). Targeting the youngest cohorts within the school system remains one of the
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highest returns in human capital, preventing the compounding vulnerabilities that emerge later

(Sperling and Winthrop 2015).

Several limitations warrant consideration. First, the finding that health-related outcomes

account for approximately 59% of total program value depends substantially on imputed rather

than directly observed effects, particularly for HIV and HSV-2 (Behrman et al. 2016; Psaki et al.

2019). This highlights a persistent evidence gap in LMICs, where the longitudinal link between

educational interventions and long-term health outcomes is often assumed rather than empirically

documented (Snilstveit et al. 2015). Second, the moral weights are adapted from GiveWell’s

framework, which was developed for philanthropic rather than government priority-setting, and

has not been validated through LMIC-specific deliberative processes (GiveWell 2023; GiveWell

Staff 2024; Hickman 2025). Consequently, the model incorporates normative choices that may not

fully align with local priorities in diverse development contexts (Norheim et al . 2014). However,

sensitivity analyses indicate that while alternative weighting schemes shift absolute returns, the

relative rankings of interventions remain partially robust. Third, the evidence base is geographically

concentrated in sub-Saharan Africa (20 out of 24 studies), which limits generalizability. The

analytical framework is portable, but the parameter estimates are not, and effect sizes for school

enrollment and health outcomes tend to vary significantly by region (Petrosino et al. 2012). Fourth,

the model does not capture outcomes related to mental health, psychosocial well-being, agency,

and social capital, which are foundational to adolescent development (Patel et al. 2018). While

some studies in our model measure several psychosocial outcomes, these specific outcomes are not

captured (Bandiera et al. 2018).

Further research should prioritize in-country validation through pilots in settings with active

joint health-education planning, such as Kenya, Tanzania, or Bangladesh. These contexts already

possess a rich evidence base from multi-sectoral trials like AGI-K and BALIKA, providing a

robust foundation for institutionalizing priority-setting tools (Amin et al. 2018; Austrian et al 2021;

Austrian et al. 2024; Ainul et al. 2022). International technical assistance organizations, including the

International Decision Support Initiative (iDSI), could support the integration of these frameworks

into national planning cycles (Baker et al. 2023). Methodologically, the framework should evolve by

integrating equity dimensions from Extended Cost-Effectiveness Analysis (ECEA) to ensure that

distributional impacts are captured alongside total welfare gains (Verguet et al . 2016; Cookson

et al. 2017). Furthermore, expanding the outcome set to include psychosocial well-being and

agency—and developing corresponding moral weights through inclusive, deliberative methods—

will better reflect the holistic value of adolescent programming (Baltussen et al. 2017; Patel et al.

2018; Kapiriri et al. 2020). Evidence-informed investment in AGYW requires analytic tools that

make multi-sectoral benefits visible, comparable, and contestable. This framework offers a starting

point; its ultimate value depends on its adaptation, validation, and institutionalization within the

planning processes of the governments it is designed to serve.
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5 Conclusion

This study introduced an integrated cost-effectiveness framework for education-related interven-

tions targeting AGYW in LMICs and demonstrated that health and social outcomes, systematically

omitted from conventional education and economic evaluations, account for approximately three-

fifths of total program value. By expressing these benefits in a common welfare-based metric along-

side educational and economic returns, the framework addresses a core limitation of sector-specific

priority-setting tools and makes the value judgments underlying resource allocation transparent

and contestable.

Three findings carry direct implications for policy. First, median cost-effectiveness modestly

exceeded the unconditional cash transfer benchmark, but a subset of approximately 10 interven-

tions achieved returns several-fold higher, indicating substantial scope for value-for-money gains

through selective investment. Second, simpler, lower-cost program designs tended to outperform

more complex multi-component models, though this pattern should be interpreted cautiously given

that complex programs may operate in more challenging contexts or produce unmeasured benefits.

Third, the sensitivity of results to HIV-related parameters underscores that the case for investing

in AGYW programming is strongest where schooling materially affects sexual and reproductive

health risks, predominantly in sub-Saharan Africa, and that policy application in other regions

requires re-estimation using local incidence and cost data.

These findings support four recommendations for LMIC policymakers and donors. First,

health outcomes should be systematically incorporated into the evaluation of education programs

for AGYW; evaluations that measure only educational or labor market returns will undervalue

programs that reduce HIV, unintended pregnancy, and child marriage. Second, Ministries of

Finance and national planning commissions — which already arbitrate across sectoral budget

envelopes — are well positioned to institutionalize cross-sectoral cost-effectiveness frameworks

within medium-term expenditure planning and joint Health–Education sector reviews. Third,

routine application of this framework requires investment in linked data systems that integrate

health surveillance (DHS, MICS), education management information systems (EMIS), and program

cost data, platforms that exist in most LMICs but are rarely connected. Fourth, the moral weights

used to value non-economic outcomes should be adapted through deliberative processes involving

national stakeholders, including health and education officials, community representatives, and

adolescent girls themselves — to ensure that the framework reflects local priorities rather than

externally imposed valuations.
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Appendix

Appendix 1: Reported Parameters vs. Full Assumptions models

Appendix Figure A1. Comparison of Reported Parameters and Full Assumptions models across all 37

intervention arms.
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