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The Millennium Villages Project: a retrospective,
observational, endline evaluation
Shira Mitchell, Andrew Gelman, Rebecca Ross, Joyce Chen, Sehrish Bari, Uyen Kim Huynh, Matthew W Harris, Sonia Ehrlich Sachs, Elizabeth A Stuart,
Avi Feller, Susanna Makela, Alan M Zaslavsky, Lucy McClellan, Seth Ohemeng-Dapaah, Patricia Namakula, Cheryl A Palm, Jeffrey D Sachs

Summary

Background The Millennium Villages Project (MVP) was a 10 year, multisector, rural development project, initiated in
2005, operating across ten sites in ten sub-Saharan African countries to achieve the Millennium Development Goals
(MDGs). In this study, we aimed to estimate the project’s impact, target attainment, and on-site spending.
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Methods In this endline evaluation of the MVP, we retrospectively selected comparison villages that best matched the
project villages on possible confounding variables. Cross-sectional survey data on 40 outcomes of interest were
collected from both the project and the comparison villages in 2015. Using these data, as well as on-site spending data
collected during the project, we estimated project impacts as differences in outcomes between the project and
comparison villages; target attainment as differences between project outcomes and prespecified targets; and on-site
spending as expenditures reported by communities, donors, governments, and the project. Spending data were not
collected in the comparison villages.
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Findings Averaged across the ten project sites, we found that impact estimates for 30 of 40 outcomes were significant
(95% uncertainty intervals [UIs] for these outcomes excluded zero) and favoured the project villages. In particular,
substantial effects were seen in agriculture and health, in which some outcomes were roughly one SD better in the
project villages than in the comparison villages. The project was estimated to have no significant impact on the
consumption-based measures of poverty, but a significant favourable impact on an index of asset ownership. Impacts
on nutrition and education outcomes were often inconclusive (95% UIs included zero). Averaging across outcomes
within categories, the project had significant favourable impacts on agriculture, nutrition, education, child health,
maternal health, HIV and malaria, and water and sanitation. A third of the targets were met in the project sites. Total
on-site spending decreased from US$132 per person in the first half of the project (of which $66 was from the MVP)
to $109 per person in the second half of the project (of which $25 was from the MVP).
Interpretation The MVP had favourable impacts on outcomes in all MDG areas, consistent with an integrated rural
development approach. The greatest effects were in agriculture and health, suggesting support for the project’s
emphasis on agriculture and health systems strengthening. The project conclusively met one third of its targets.
Funding The Open Society Foundations, the Islamic Development Bank, and the governments of Japan, South Korea,
Mali, Senegal, and Uganda.
Copyright © The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND 4.0 license.

Introduction
In September, 2000, world leaders at the UN Millennium
Summit committed their nations to reducing extreme
poverty and set targets with a deadline of 2015, known as
the Millennium Development Goals (MDGs).1 The UN
Millennium Project, initiated by then UN SecretaryGeneral Kofi Annan and directed by Jeffrey Sachs,
estimated that interventions to achieve the MDGs would
require a 10 year average investment of between $101 and
$127 per person per year (all monetary units given as 2005
US$ per person per year), with low-income settings
requiring $58–80 from external financing.2–5 Motivated by
the UN Millennium Project’s findings, the Millennium
Villages Project (MVP) was initiated in 2005 to achieve
the MDGs within 5 years in rural villages in sub-Saharan
Africa, focusing on quick-win interventions.6 Thereafter,
additional funding enabled the MVP to be redesigned as a
www.thelancet.com/lancetgh Vol 6 May 2018

10 year project, including longer-term strategies to achieve
the MDGs by 2015.7 The project expanded to 14 sites
across ten countries by the end of 2006. Countries were
selected on the basis of political stability and government
commitment to the MDGs. Millennium Village (MV)
sites were selected from rural areas of high under
nutrition, representing varied agroecological zones, and
with local political buy-in and community ownership.8,9
The project implemented integrated interventions in
poverty, agriculture, nutrition, education, health, and
infrastructure (panel; appendix), and aimed to contribute
$60 (of $80) in external financing, consistent with the UN
Millennium Project’s recommendations.
The project expanded its area of coverage in ten of the
14 MV sites (one in each country; figure 1) to include
at least 25 000 inhabitants per site, enabling reduced
management costs per capita. Four sites were not scaled
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Research in context
Evidence before this study
Since its launch in 2005, the Millennium Villages Project (MVP)
has been both admired and scrutinised for its implementation
and evaluation. Its ambitious objective to achieve the
Millennium Development Goals (MDGs) in rural African villages
(within an initial timeframe of only 5 years) attracted substantial
attention. Previous mid-term evaluations of the project
insufficiently addressed methodological challenges of impact
estimation, particularly the choice of a comparison group.
Added value of this study
In this endline evaluation of the MVP, we aimed to estimate
project impact, target attainment, and on-site spending. To
estimate impact, we used a rigorous and pre-registered
procedure to retrospectively select comparison villages that
best matched the project villages on possible confounding
variables. We used both classical and Bayesian methods to

synthesise information from 40 MDG-related outcomes. Our
evaluation is the first to assess the project after the full 10 years
of implementation. This study exemplifies methods for
retrospective observational studies, which enable learning
about the effects of policies and projects implemented without
a prospectively designed evaluation and without random
assignment to treatment.
Implications of all available evidence
Although the project’s goal to achieve all of the MDGs was not
met, we estimated that, averaged across the ten sites, the MVP
had a significant effect on 30 of 40 outcomes of interest, all of
which favoured the project villages. The greatest effects were
on agriculture and health outcomes, supporting the project’s
approach of agriculture and health systems strengthening, and
less conclusive for impacts on poverty, nutrition, and
education outcomes.

Panel: Examples of Millennium Villages Project interventions
Poverty
• Enterprise diversification
• Business development
Agriculture
• Promotion and subsidisation of improved fertilisers
and seeds
• Agronomy training
• Installation of irrigation systems
Nutrition
• Micronutrient supplementation
• Management of acute malnutrition
Education
• Construction of schools and teacher housing
• Teacher training
• Provision of school meals
• Upgrading of school water, sanitation, and hygiene
facilities
• Integration of information and communication
technologies

up or were discontinued because of funding constraints
or regional conflict. In each of the ten scaled up sites,
project resources were initially concentrated in a core
area of neighbouring villages, referred to as the MV1,
and were later extended to additional villages, known as
the MV2, as additional resources became available. The
MV2s received less intensive interventions than did the
MV1s. Together, an MV1 and an MV2 constituted an MV
site, each with a population of 25 000–80 000 inhabitants.
The MV1s had roughly 6000 inhabitants.
Previous articles about the project’s evaluation left
unanswered questions and critiques.7,10–14 The project’s first
e501

Health
• Construction of health facilities and staff housing
• Integrated community case management through
community health workers
• Strengthening of ambulance referral system
• Elimination of user fees
• Introduction of electronic health information systems
• Immunisation campaigns
• Promotion of modern family planning methods and skilled
birth attendance
• Comprehensive HIV/AIDS and tuberculosis service delivery
• Bednet distribution
• Community-based rapid diagnostic testing and treatment
for malaria
Infrastructure
• Installation and maintenance of water sources
• Promotion and subsidisation of improved sanitation facilities
• Road construction
• Extension of power grids and solar energy
• Expansion of mobile and internet connectivity

public report estimated before–after differences in
outcomes in the MV1s, mistakenly referring to these as
impacts.7 Remans and colleagues13 estimated stunting
trends in the MV1s and compared them with national
trends during a different time period in which stunting
remained largely unchanged. For the three countries
(Ghana, Nigeria, and Kenya) with both MVP and
Demographic and Health Survey (DHS) data, Clemens
and Demombynes10,15 found somewhat smaller effects
on stunting than did Remans and colleagues using a
difference-in-differences analysis with a comparison group
matched on time period, rural classification, and region.
www.thelancet.com/lancetgh Vol 6 May 2018
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Pronyk and colleagues12 compared the MV1s with both
national rural areas and sites matched on variables beyond
rural classification, although their article did not clearly
describe the set of variables or matching procedure used.
After comments from Bump and colleagues,16 Pronyk17
submitted corrections, withdrawing the comparison with
national rural trends in child mortality because of the
mismatch of time periods and recalculating the annual
decline in child mortality in the MV1s.
Rigorous impact evaluations have not been done for
many village-level, integrated, rural development inter
ventions.10 However, the Southwest Project in China
was thoughtfully evaluated.18 As in our study, evaluation
of the Southwest Project faced challenges of reduced
statistical power due to village-level interventions and
concerns about bias due to the absence of random
assignment to the project. By contrast with our study, the
investigators in the Southwest Project collected extensive
baseline data in non-project areas that could be used to
construct a comparison group. Similarly, in an independent
evaluation of an MV site in northern Ghana,19,20 baseline
data were collected in non-project areas and preliminary
2010 census data were accessed to select a comparison
group. Abadie and colleagues21 described the more
general challenge of evaluating interventions assigned
(non-randomly) at the aggregate level. They constructed a
synthetic comparison using extensive pre-intervention
data, which were not readily available for our study.
Instead, we analysed available pre-intervention data from a
variety of sources and used them in the matching
procedure to select villages to form a comparison group.
This endline evaluation addresses three questions:
first, in 2015, what were the project’s effects on the
outcomes of interest within the MV1s? Second, in 2015,
were the MDGs and other project-specific targets met
within the MV1s? Third, how much was spent (by site,
stakeholder, sector, and year) in the MV1s?

Methods

Study design and setting
This evaluation was restricted to the ten scaled up sites
(figure 1), focusing only on their core intervention areas
(MV1s). For these areas, we estimated the project’s
impact, target attainment, and on-site spending. To
estimate impacts, we took into account previous critiques
of the project’s evaluation and designed a retrospective,
observational study that matched the project villages to
comparison villages. The design was completed before
endline data collection, and a peer-reviewed evaluation
protocol was registered with The Lancet.
This study received ethical approval from the institutional
review boards at Columbia University, (New York, NY,
USA), Ministère de la Santé et de l’Action Sociale (Dakar,
Senegal), Ministère de la Santé (Bamako, Mali), Kwame
Nkrumah University of Science and Technology (Kumasi,
Ghana), University of Ibadan (Ibadan, Nigeria), Mekelle
University (Mekelle, Ethiopia), Mbarara University of
www.thelancet.com/lancetgh Vol 6 May 2018

Potou, Senegal
Tiby, Mali

Pampaida, Nigeria

Koraro, Ethiopia

Bonsaaso, Ghana
Ruhiira, Uganda Sauri, Kenya
Mayange, Rwanda
Mbola, Tanzania

Mwandama, Malawi

Figure 1: Locations of the ten Millennium Villages covered in this evaluation

Science and Technology (Mbarara, Uganda), Kenya
Medical Research Institute (Nairobi, Kenya), Ministry of
Finance and Economic Planning (Kigali, Rwanda),
National Institute for Medical Research (Dar es Salaam,
Tanzania), and Ministry of Health (Lilongwe, Malawi).

Outcomes
We chose 40 outcomes of interest from the categories of
poverty, agriculture, nutrition, education, child health,
maternal health, HIV and malaria, and water and
sanitation (table 1). These outcomes were comprised of
a subset of MDG indicators and proxies, as well as
project-specified outcomes.22 Outcomes and their targets
are shown in table 1 and are described in detail in the
appendix. We present summary indices for each
outcome category. As described in our protocol, we did
not separately categorise what we refer to as outcomes
into what the evaluation literature23,24 refers to as output,
outcome, or impact indicators. To supplement the
indices, each outcome is presented separately for more
nuanced interpretation.

Impact evaluation design
We defined the impact of the MVP as the difference
between measured outcomes in the MV1s and what
those outcomes would have been in the MV1s without
the project. We estimated this difference by comparing
outcomes in the MV1s with outcomes in a set of villages
where the project was not implemented. Such a
comparison was not part of the project design in 2005,
which instead focused on target attainment in the MV1s.
This decision was based in part on logistical, financial,
and ethical complexities related to doing a controlled
experiment at the village level. Thus, we used statistical

For the protocol see http://www.
thelancet.com/doi/story/10.1016/
html.2015.07.03.2167
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Target
Proportion of population below 1·25 US$ (2005 purchasing power parity) per day*

Reduce to 50% of the proportion in 1990

Poverty gap ratio*

Reduce to 50% of the level in 1990

Asset index

No target

Proportion of households that own at least one mobile phone

≥80%

Proportion of farming households that use mineral fertiliser

≥80%

Proportion of farming households that use improved seeds

≥80%

Proportion of children younger than 5 years who are moderately or severely underweight

Reduce to 50% of the proportion in 1990

Proportion of children younger than 5 years who are moderately or severely stunted

Reduce to 50% of the proportion in 1990

Proportion of children younger than 5 years who are moderately or severely wasted

Reduce to 50% of the proportion in 1990

Proportion of children younger than 5 years who tested positive for anaemia

No target

Proportion of school-aged children who tested positive for anaemia

No target

Proportion of women who tested positive for anaemia

No target

Proportion of men who tested positive for anaemia

No target

Adjusted net attendance ratio in primary education

≥90%

Gross attendance ratio for primary education

≥90%

Proportion of pupils starting first grade who reach last grade of primary education

≥90%

Gender parity in primary education

0·97–1·03

Net attendance ratio for preschool

≥90%

Net intake rate for the first grade of primary school

≥90%

Under-5 mortality (per 1000 livebirths)

Reduce to 33% of the level in 1990

Infant mortality (per 1000 livebirths)

Reduce to 33% of the level in 1990

Proportion of children aged 1 year immunised against measles

≥90%

Proportion of children younger than 6 months who are exclusively breastfed

≥50%

Proportion of births attended by skilled personnel

Reduce proportion of unattended births to 25% of the level
in 1990

Contraceptive prevalence (any method)

25% nominal increase from level in 1990

Contraceptive prevalence (modern method)

25% nominal increase from level in 1990

Antenatal care coverage, at least one visit with a skilled provider

≥80%

Antenatal care coverage, at least four visits with any provider

≥80%

Proportion of pregnant women tested for HIV during pregnancy

≥90%

Proportion of population aged 15–49 years with comprehensive correct knowledge of HIV/AIDS

≥90%

Proportion of children younger than 5 years who tested positive for malaria

No target

Proportion of school-aged children who tested positive for malaria

No target

Proportion of women who tested positive for malaria

No target

Proportion of men who tested positive for malaria

No target

Proportion of children younger than 5 years who slept under a bednet the previous night

≥80%

Proportion of pregnant women who slept under a bednet the previous night

≥80%

Proportion of households with at least one bednet

≥90%

Proportion of people who used a bednet correctly the previous night

≥90%

Access to improved drinking water source

Reduce proportion without access to 50% of the level in 1990

Access to improved sanitation facility

Reduce proportion without access to 50% of the level in 1990

*Based on consumption.

Table 1: Outcomes and their targets

methods to retrospectively select matched comparison
villages and then collected endline data in both the MV1s
and the comparison villages. No data were collected by
the project in the comparison villages before 2015.
Design choices, including matching and sampling
methods, were made before endline data collection.25
For each country, we selected comparison villages that
best matched its MV1 on several variables measured
before project implementation (eg, health measures
e503

in 2006 and earlier) and variables not affected by the
MVP (eg, temperature).26 In our design analysis,27 larger
numbers of comparison villages increased statistical
power, but with diminishing returns as the number
surpassed the number of villages in the MV1. Data
collection in each comparison village required
permission from village leaders and costly transportation
to the area. Balancing these considerations, we chose five
comparison villages per country.
www.thelancet.com/lancetgh Vol 6 May 2018
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To obtain variables on which to match villages, we
gathered data from geographic information system (GIS)
databases, including agroecological zone, travel time to
nearest city with a population of more than 100 000 people,
soil composition, vegetation index, temperature,
elevation, and population density (appendix).28–34 The
datasets were stored in the World Geodetic System 198435
and processed and merged with ArcGIS Desktop
version 10.2.2 to obtain values for grid cells equal in area
to each country’s MV1 (figure 2; appendix). Grid cells
overlapping the MV1 (treatment grid cells) were matched
to comparison grid cells. We excluded any possible
comparison grid cells that overlapped a 10 km buffer
around the MV site to minimise the possibility that
comparison villages were affected by the project.
We did not use national census data because of its
insufficiently precise georeferencing. We also did not use
baseline data collected by the MVP because of quality
concerns. Instead, we used DHS data, which included
many of our outcomes of interest. For each of their
sampled areas, DHS provide Global Positioning System
coordinates that are displaced by up to 5 km for
anonymity.36,37 DHS collect data from 20 to 30 households
within each sampled area, represented by circles with
5 km radii (figure 2). We used DHS data from 2006 and
earlier (appendix). For seven countries (all but Nigeria,
Ethiopia, and Tanzania), DHS circles overlapped
treatment grid cells. Assuming spatial smoothness, we
considered data from any treatment grid cells to be
informative of that country’s MV1. For these countries,
we restricted candidate matches to grid cells overlapping
DHS circles.38,39 For Nigeria, Ethiopia, and Tanzania, we
used only geographical data in the matching.
We matched exactly on country and agroecological zone.
For each country, we limited matched comparison grid
cells to the MV district and any districts that bordered the
MV site. We constrained at least two of the five matches to
be within district.40 With few treatment grid cells per
country, it was difficult to estimate propensity scores, so
instead we matched on indices of related variables, which
we refer to as matching indices.41 As a measure of wealth,
we used the DHS household asset index, the first principal
component of a list of assets.42,43 Additionally, we created
matching indices for both education and health. Since
DHS data include only 20–30 households per area, we fit
small-area models using geographical data to improve our
estimates of the wealth, education, and health matching
indices (appendix).44–48
After restricting by districts and agroecological zone
(and, for seven countries, to grid cells with DHS data),
we considered sets of five comparison grid cells. To select
matches, we estimated a measure of variable imbalance
that combined the standardised difference in means and
the ratio of standard deviations between the treatment
and comparison villages (appendix).49,50 To assess the
quality of the matches, we presented plots to subjectmatter experts (appendix). If concerns were raised about
www.thelancet.com/lancetgh Vol 6 May 2018

Tanzania
Zambia
Malawi

Mozambique

Treatment grid cells
Comparison village grid cells
Demographic and Health
Surveys 5 km rural circles
Districts (level 1)
MV1
MV2
10 km buffer
0

Zimbabwe

5

10 km

Machinga

Balaka

For more on ArcGIS Desktop see
http://desktop.arcgis.com/en

Zomba

Mwanza

Blantyre

Chiradzulu

Mulanje

Figure 2: Matching results for Malawi

Number of
villages in MV1
Potou, Senegal
Tiby, Mali

Range of MV1 Number of villages
Range of comparison
village sizes* in comparison group village sizes*

14

13–144

9†

10–72

8

40–320

5

45–211

Bonsaaso, Ghana

11

13–258

5

25–446

Pampaida, Nigeria

28

10–94

5

118–507

Koraro, Ethiopia

9

77–239

5

283–545

Ruhiira, Uganda

9

80–192

5

97–153

11

49–173

5

74–244

9

123–283

5

92–261

Mbola, Tanzania

3

235–382

5

325–967

Mwandama, Malawi

5

113–290

5

79–573

Sauri, Kenya
Mayange, Rwanda

*Numbers of households are shown. †The comparison villages in four of Senegal’s matched grid cells were too small to
allow for a sufficient sample size, so we randomly sampled an additional village in each of those cells.

Table 2: Description of the ten core intervention areas (MV1s) and their comparison villages

the match on particular variables, we assigned those
variables increased weight and reran the matching
procedure, achieving a closer match on them. Matching
results for all sites are shown in the appendix.
Field teams listed all villages within each matched
comparison grid cell. We removed any villages outside the
range of that country’s MV1 village sizes (table 2). Among
the remaining villages, we randomly selected one village
e504
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For more on The Registry for
International Development
Impact Evaluations see
http://ridie.3ieimpact.org

per grid cell using a future Nasdaq index as a random seed
that was pre-registered with The Registry for International
Development Impact Evaluations. If a village’s size was
unknown, we kept it as a possible selection. If no villages
were within the range of the MV1 village sizes, we chose
the village whose size was closest to that range. The three
countries matched without use of DHS data (Nigeria,
Ethiopia, and Tanzania) had the greatest imbalances in
the sizes of MV1s versus comparison villages.
Geographical datasets were created in ArcGIS
version 10.2.2, with scripts written using Python 2.7.8 in
the ArcPy site package Spatial Analyst module. Maps
were created with ArcGIS version 10.4. The matching
procedure was done with R version 3.1.3.

Target attainment
We defined target attainment as the difference between
project outcomes and prespecified targets for these
outcomes. Targets were based on official UN MDG
targets; international standards; and, where no official UN
target or international standard existed, goals set by the
MVP sector leaders. 31 of the 40 outcomes were assigned
targets. Targets per MV1 are shown in the appendix.

Survey data collection

For more on the Census and
Survey Processing System see
https://www.census.gov/data/
software/cspro.html

e505

Throughout the implementation of the MVP, populationbased cross-sectional surveys were done every 2 years in
the MV1s. At the end of the project in 2015, we collected
representative data from cross-sectional surveys in four
modules: household surveys, adult surveys, blood
testing, and anthropometric measurements. Within
each MV1 and comparison village, we used a two-stage
design: households were sampled in stage 1, followed by
people within households in stage 2.51,52 The first stage
involved equal-probability simple random sampling of
300 households in each MV1 and comparison group.53 In
the second stage, all survey modules except for the
household survey used equal-probability systematic
sampling from a list of people grouped by household
and ordered randomly (conceptually similar to stratifying
on household).52 The MVP survey tools were adapted in
part from the DHS,54 UNICEF’s Multiple Indicator
Cluster Surveys,55 and the World Bank’s Living Standards
Measurement Study surveys56 (appendix). Households
and individuals were sampled with Stata version 13.0.
Survey data were cleaned with the Census and Survey
Processing System version 4.1.
Endline data collection was done between March and
December, 2015 (see the appendix for the exact dates for
each MV1 and its comparison villages). Within each
country, data collection was done in the MV1 and its
comparison villages within about 2 weeks of each other.
Surveys were administered verbally in the local language
by module-specialised enumerators after obtaining
informed consent. Responses were collected on paper,
double-entered electronically, and cleaned. The African
Population and Health Research Center did quality

assurance checks of survey data collection in the field and
data cleaning.
To handle missing data, we used the mi package in R,
version 1.0, which iteratively drew imputed values from
the conditional distribution for each variable given the
observed and imputed values for other variables
(appendix). Details about the imputation are described
in the appendix, along with proportions of nonresponses. Results for an available-case analysis were
similar to the imputation-based results presented here.

On-site spending data collection
We estimated on-site spending in the MV1s as
expenditures reported by communities, donors,
governments, and the MVP (appendix). On-site project
spending included the costs of service delivery and onsite management. Off-site project spending, including
spending on salaries and overheads for all scientific
and support staff at the Earth Institute and Millennium
Promise, was excluded. Community, donor, and
government on-site spending data were collected
through 2014; internal project on-site spending data
were collected through 2015. On-site spending is
presented as 2005 US$, adjusted with the US Consumer
Price Index.57 On-site spending data were analysed with
Excel for Mac version 14.0.

Statistical analysis
Project effects and target attainment were estimated
with statistical uncertainty and were thus prone to error.
When estimating many quantities, the chance of at
least one error (eg, an incorrect sign or exaggerated
magnitude) increases, creating a problem known as
multiple comparisons.58–60 We alleviated this problem by
considering countries and outcomes jointly, reducing
statistical uncertainty through combining data. We
combined outcomes into outcome indices for eight
categories (poverty, agriculture, nutrition, education,
child health, maternal health, HIV and malaria, and
water and sanitation), as well as an overall outcome
index. Each village’s outcome index is an average of its
standardised outcomes within a category. To standardise,
we subtracted the mean across villages, divided by the
standard deviation across villages, and reoriented so that
larger values indicated higher economic development.
Project impact and target attainment were estimated for
each outcome index. Estimates of project impact and
target attainment were also averaged across countries.
We did classical estimation (design-based survey
estimation61) to directly summarise the raw data for each
village. Project impact was estimated as average differences
in outcomes between project and comparison villages.
Target attainment was estimated as average differences
between project outcomes and the prespecified targets. We
reported separate estimates, with 95% uncertainty
intervals (UIs), for each country and outcome, as well as
averages across countries and outcomes.
www.thelancet.com/lancetgh Vol 6 May 2018
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A

B

Population below 1·25 US$ per day
Poverty gap ratio
Asset index
Mobile phone ownership
Poverty index
Mineral fertiliser use
Improved seed use
Agriculture index
Under-5 underweight
Under-5 stunting
Under-5 wasting
Under-5 anaemia
School-aged anaemia
Women anaemia
Men anaemia
Nutrition index
Net attendance
Gross attendance
Primary school completion
Gender parity
Preschool attendance
Primary school intake
Education index
Under-5 mortality
Infant mortality
Measles immunisation
Exclusive breastfeeding
Child health index
Skilled birth attendance
Any contraceptive use
Modern contraceptive use
Skilled antenatal care visit
Four antenatal care visits
Maternal health index
Pregnant HIV testing
AIDS knowledge
Under-5 malaria
School-aged malaria
Women malaria
Men malaria
Under-5 bednet use
Pregnant bednet use
Bednet ownership
Bednet correct use
HIV and malaria index
Improved water
Improved sanitation
Water and sanitation index
Overall index

Poverty index
Agriculture index
Nutrition index
Education index
Child health index
Maternal health index
HIV and malaria index
Water and sanitation index
Overall index

C
Poverty index
Agriculture index
Nutrition index
Education index
Child health index
Maternal health index
HIV and malaria index
Water and sanitation index
Overall index

D
Poverty index
Agriculture index
Nutrition index
Education index
Child health index
Maternal health index
HIV and malaria index
Water and sanitation index
Overall index
–1

0

Unfavourable
impact

1

–1

2

0
Unfavourable
impact

Favourable
impact

1
Favourable
impact

Figure 3: Classical and Bayesian impact estimates for individual outcomes and indices, averaged across countries
Results are on the scale of SDs of the outcomes. Horizontal lines are 95% uncertainty intervals. (A) Classical estimates for individual outcomes and indices. (B) Classical
estimates for outcome indices. (C) Bayesian estimates for outcome indices. (D) Classical estimates for outcome indices averaged across only the seven countries
matched with Demographic and Health Survey data.

For project impacts, we also did Bayesian analysis to
improve on both separate and averaged estimates, fitting
a model to obtain country-specific and outcome-indexspecific estimates based on information from all
countries and outcomes.58,60,62 We assessed the model fit
via posterior predictive checks (ie, comparing data
generated under the model with observed data), which
showed that the model fit well (appendix).63 Both classical
and Bayesian methods are described in the appendix.
Statistical outcome analyses were done with R version
3.4.3 and Stan version 2.17.2. Statistical graphs were
generated in R version 3.4.3.
www.thelancet.com/lancetgh Vol 6 May 2018

Role of the funding source
The funders of the evaluation had no role in study
design, data collection, data analysis, data interpretation,
or writing of the report. The corresponding author
had full access to all the data in the study and had
final responsibility for the decision to submit for
publication.

Results
When averaged across the ten MV1s, impact estimates
for 30 of the 40 outcomes were significant (95% UIs
excluded zero), all of which favoured the MV1s
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MV1

Comparison villages

Proportion of population below 1·25 US$ (2005 purchasing power parity) per day

0·60

0·60

Poverty gap ratio

0·26

0·27

Impact estimate (95% UI)
0 (–0·04 to 0·04)
–0·02 (–0·04 to 0·01)

Asset index

0·99

0·58

0·41 (0·10 to 0·73)*

Proportion of households that own at least one mobile phone

0·72

0·69

0·02 (–0·02 to 0·06)

Proportion of farming households that use mineral fertiliser

0·66

0·33

0·33 (0·28 to 0·38)*

Proportion of farming households that use improved seeds

0·41

0·19

0·21 (0·17 to 0·25)*

Proportion of children younger than 5 years who are moderately or severely underweight

0·13

0·15

–0·02 (–0·05 to 0·01)

Proportion of children younger than 5 years who are moderately or severely stunted

0·26

0·30

–0·04 (–0·08 to 0·00)*

Proportion of children younger than 5 years who are moderately or severely wasted

0·05

0·05

0·00 (–0·02 to 0·02)

Proportion of children younger than 5 years who tested positive for anaemia

0·32

0·41

–0·09 (–0·14 to –0·04)*

Proportion of school-aged children who tested positive for anaemia

0·41

0·44

–0·03 (–0·08 to 0·02)

Proportion of women who tested positive for anaemia

0·29

0·36

–0·07 (–0·13 to –0·02)*
–0·02 (–0·08 to 0·04)

Proportion of men who tested positive for anaemia

0·24

0·27

Adusted net attendance ratio in primary education

0·75

0·70

0·05 (0·00 to 0·09)*

Gross attendance ratio for primary education

1·24

1·16

0·08 (–0·02 to 0·17)

Proportion of pupils starting first grade who reach last grade of primary education

0·69

0·66

0·03 (–0·05 to 0·11)

Gender parity in primary education

1·08

1·02

0·06 (–0·06 to 0·19)

Net attendance ratio for preschool

0·44

0·30

0·14 (0·08 to 0·21)*

Net intake rate for the first grade of primary school

0·31

0·22

0·09 (0·03 to 0·14)*

Under-5 mortality (per 1000 livebirths)

62

85

–23 (–40 to –6)*

Infant mortality (per 1000 livebirths)

42

58

–17 (–31 to –2)*

Proportion of children aged 1 years immunised against measles

0·79

0·67

0·12 (0·05 to 0·19)*

Proportion of children younger than 6 months who are exclusively breastfed

0·81

0·57

0·23 (0·15 to 0·32)*

Proportion of births attended by skilled personnel

0·91

0·69

0·22 (0·16 to 0·27)*

Contraceptive prevalence (any method)

0·60

0·46

0·14 (0·09 to 0·19)*

Contraceptive prevalence (modern method)

0·55

0·39

0·16 (0·11 to 0·21)*

Antenatal care coverage, at least one visit with a skilled provider

0·96

0·85

0·12 (0·08 to 0·16)*

Antenatal care coverage, at least four visits with any provider

0·80

0·58

0·22 (0·16 to 0·27)*

Proportion of pregnant women tested for HIV during pregnancy

0·95

0·67

0·28 (0·23 to 0·32)*

Proportion of population aged 15–49 years with comprehensive correct knowledge of HIV/AIDS

0·39

0·23

0·16 (0·14 to 0·19)*

Proportion of children younger than 5 years who tested positive for malaria

0·19

0·34

–0·15 (–0·19 to –0·10)*

Proportion of school-aged children who tested positive for malaria

0·25

0·40

–0·15 (–0·20 to –0·10)*

Proportion of women who tested positive for malaria

0·13

0·22

–0·09 (–0·14 to –0·05)*
–0·14 (–0·19 to –0·09)*

Proportion of men who tested positive for malaria

0·11

0·25

Proportion of children younger than 5 years who slept under a bednet the previous night

0·70

0·49

0·21 (0·16 to 0·26)*

Proportion of pregnant women who slept under a bednet the previous night

0·69

0·49

0·20 (0·09 to 0·31)*

Proportion of households with at least one bednet

0·94

0·68

0·25 (0·22 to 0·29)*

Proportion of people who used a bednet correctly the previous night

0·64

0·53

0·11 (0·06 to 0·15)*

Access to improved drinking water source

0·76

0·64

0·12 (0·04 to 0·19)*

Access to improved sanitation facility

0·63

0·42

0·21 (0·16 to 0·26)*

Data are proportions unless otherwise stated. For a graphical depiction of the results on a standardised scale, see figure 3. UI=uncertainty interval. *Estimated impacts on
these outcomes were significant (95% UI excluded zero); they were also favourable.

Table 3: Classical impact estimates averaged across the ten Millennium Village sites, 2015

(figure 3, table 3; appendix). Impacts were particularly
substantial in agriculture and health, in which some
outcomes were roughly one SD better in the MV1s than
in the comparison villages (figure 3). The results were
least conclusive for poverty, nutrition, and education
outcomes. Compared with estimates made with the
classical method (figure 3A, B), the estimated impacts on
outcome indices from the Bayesian model, which
e507

avoided over-fitting to each outcome index,58,60–63 were
slightly closer to the overall estimate (figure 3C).
When averaged across outcomes, Nigeria’s MV1 did
best relative to its comparison villages, particularly on the
maternal health index (figure 4A). The outcome indices of
maternal health and HIV and malaria had the largest
between-country differences in estimated project impacts.
These differences were less pronounced when fitting the
www.thelancet.com/lancetgh Vol 6 May 2018
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A

Poverty index

Agriculture index

Nutrition index

Education index

Child health index

Maternal health index

HIV and malaria index

Water and sanitation index

Overall index

Poverty index

Agriculture index

Nutrition index

Education index

Child health index

Maternal health index

HIV and malaria index

Water and sanitation index

Overall index

Senegal
Mali
Ghana
Nigeria
Ethiopia
Uganda
Kenya
Rwanda
Tanzania
Malawi

Senegal
Mali
Ghana
Nigeria
Ethiopia
Uganda
Kenya
Rwanda
Tanzania
Malawi

Senegal
Mali
Ghana
Nigeria
Ethiopia
Uganda
Kenya
Rwanda
Tanzania
Malawi

B
Senegal
Mali
Ghana
Nigeria
Ethiopia
Uganda
Kenya
Rwanda
Tanzania
Malawi

Senegal
Mali
Ghana
Nigeria
Ethiopia
Uganda
Kenya
Rwanda
Tanzania
Malawi

Senegal
Mali
Ghana
Nigeria
Ethiopia
Uganda
Kenya
Rwanda
Tanzania
Malawi
–3

–2

–1

Unfavourable impact

0

1

2

Favourable impact
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3

–3

–2

–1

Unfavourable impact

0

1

2

Favourable impact

3

–3

–2

–1

Unfavourable impact

0

1

2

Favourable impact

3

Figure 4: Classical (A) and
Bayesian (B) impact
estimates for outcome
indices, by country
Results are shown on the scale
of SDs of the outcomes.
Horizontal lines are
uncertainty intervals.
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A

Under-5 stunting

Senegal
Mali
Ghana
Nigeria
Ethiopia
Uganda
Kenya
Rwanda
Tanzania
Malawi
All sites
–100%

–50%

0%

Favourable impact

B

50%

100%

Unfavourable impact

Under-5 mortality

Senegal
Mali
Ghana
Nigeria
Ethiopia
Uganda
Kenya
Rwanda
Tanzania
Malawi
All sites
–300

–100
Favourable impact

0

100

300

Unfavourable impact

Figure 5: Classical impact estimates for under-5 stunting (A) and under-5
mortality (B)
Results are proportions for under-5 stunting and deaths per 1000 livebirths for
under-5 mortality. Horizontal lines are 95% uncertainty intervals.

Bayesian model (figure 4B), which avoided overfitting to
each country.58,60–63
Figure 5 shows country-specific impact estimates for
two key outcomes that were the focus of previous MVP
evaluations: under-5 stunting and under-5 mortality.12,13
Averaged across the ten sites, we estimated that
children younger than 5 years were 4% (95% UI 0–8)
less likely to be stunted in the MV1s than in the
comparison villages. Under-5 mortality was also lower
in the MV1s than in the comparison villages by
23 deaths (95% UI 6–40) per 1000 livebirths. For both
outcomes, there was substantial site-by-site variation.
Country-specific impact estimates for the other
38 outcomes are shown in the appendix.
The sites with the highest estimated overall impacts
(Nigeria, Ethiopia, and Tanzania) had comparison villages
that were chosen without the use of DHS data because of
the absence of data for the matching procedure. Classical
estimates of project impact averaged across only the seven
countries matched with DHS data are shown in figure 3D.
Figure 6 shows the assessment of target attainment,
averaged across countries. Separate results for each
e509

Population below 1·25 US$ per day
Poverty gap ratio
Mobile phone ownership
Poverty index
Mineral fertiliser use
Improved seed use
Agriculture index
Under-5 underweight
Under-5 stunting
Under-5 wasting
Nutrition index
Net attendance
Gross attendance
Primary school completion
Gender parity
Preschool attendance
Primary school intake
Education index
Under-5 mortality
Infant mortality
Measles immunisation
Exclusive breastfeeding
Child health index
Skilled birth attendance
Any contraceptive use
Modern contraceptive use
Skilled antenatal care visit
Four antenatal care visits
Maternal health index
Pregnant HIV testing
AIDS knowledge
Under-5 bednet use
Pregnant bednet use
Bednet ownership
Bednet correct use
HIV and malaria index
Improved water
Improved sanitation
Water and sanitation index
Overall index
–2

–1

Target not attained

0

1

2

Target attained

Figure 6: Classical estimates of target attainment, averaged across countries
Results are shown on the scale of SDs of the outcomes. Horizontal lines are
95% uncertainty intervals.

outcome and country are shown in the appendix.
A summary of the impact evaluation and assessment of
target attainment, showing the treatment and comparison
group estimates relative to the targets, is also shown in the
appendix. Averaged across the ten project sites, targets
were met for ten of 31 outcomes, targets were not met
for 16 outcomes, and target attainment was inconclusive
for five outcomes. Maternal health was the best-performing
index, with four of the five outcomes meeting their targets.
Figure 7 shows total on-site spending by site; on-site
spending by stakeholder, averaged across sites; and
project on-site spending by sector, averaged across sites.
We observed substantial variation between MV1s in onsite spending (figure 7A). Averaging across the duration
of the project (2006–15), five sites (Ghana, Nigeria, Kenya,
Rwanda, and Malawi) were above or within the UN
Millennium Project recommended range of total on-site
spending ($101–127)4 and five (Senegal, Mali, Ethiopia,
Uganda, and Tanzania) were below.
Project on-site spending decreased between the first
phase (2006–10) and the second phase (2011–15) of the
www.thelancet.com/lancetgh Vol 6 May 2018
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This paper summarises analyses of survey and on-site
spending data for the endline evaluation of the MVP. The
MVP was initiated soon after the UN Millennium
Project’s recommendations, leading to limitations in the
project’s design, including the absence of a prospective
comparison group for impact evaluation. This study
exemplifies methods for retrospective observational
studies and addresses the challenge of selecting a
comparison group with scarce pre-intervention data.
Averaged across the ten MV1s, the project had a
significant and favourable impact on 30 of 40 outcomes of
interest and no significant adverse effects. The highest
impacts were seen on agriculture, maternal health, and
HIV and malaria outcomes. However, substantial
variation between sites was observed. The three sites that
were unable to be matched with DHS data were estimated
to have been most favourably affected by the project,
which could indicate poor matching with comparison
villages or that these sites truly had the greatest impacts
(or somewhere in between). Considering outcomes
highlighted in previous evaluations,12,13 we found that the
MV1s had lower under-5 stunting and mortality estimates
than did the comparison villages.
Our indices combined various outcomes along
hypothesised causal pathways. For example, bednet
ownership, bednet use, and malaria prevalence were
grouped together in the HIV and malaria index. For
these outcomes, the largest estimated impact was on
bednet ownership, which was most directly linked to
project activities, whereas the estimated impact on
malaria prevalence was less than half in magnitude.
www.thelancet.com/lancetgh Vol 6 May 2018

Senegal
Mali
Ghana
Nigeria
Ethiopia
Uganda
Kenya
Rwanda
Tanzania
Malawi
Average

Per-capita spending

300

200

100

0

B
Community
Donor
Government
Project

150

Per-capita spending

Discussion

A

400

100

50

0

C
150

Per-capita spending

project because of reduced philanthropic support: on-site
spending was, on average, $66 in the first phase versus
$25 in the second phase (figure 7). This reduction in
funding led to an increased emphasis on building systems
and capacity of local partners rather than financing of
goods and services. Although stakeholders other than the
project made up some of the shortfall, the total yearly onsite spending decreased from $132 in the first phase to
$109 in the second phase (calculated for 2011–14).
In addition to on-site spending data, from the start of
the project, the MVP also collected outcome data
in the MV1s. The first large, high-quality survey was
done in 2010. Differences in estimated outcomes
between 2010 and 2015 cross-sections of the MV1s, with
95% UIs, are shown in the appendix. Averaged across the
ten project sites, almost all outcomes improved between
2010 and 2015, even as funding was generally reduced.
This analysis was not prespecified in the protocol. No
project-collected data in the comparison villages were
available before 2015, so we could not estimate the project
impact on outcomes in 2010 compared with the project
impact on outcomes in 2015. Thus, we could not assess
whether the impact of the project increased, decreased, or
stayed the same over time as on-site spending decreased.

Agriculture and business
Education
Health
Infrastructure
Management

100

50

0
2006

2010

2015

Year

Figure 7: Estimated on-site spending in the MV1s
On-site spending is shown in 2005 US$, adjusted with the US Consumer Price
Index.64 (A) Total on-site spending by site. (B) On-site spending by stakeholder,
averaged across sites. (C) Project on-site spending by sector, averaged across sites.
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According to our assessment of target attainment,
averaged across the ten MV1s, roughly a third of the
targets were reached. All maternal health targets except
one were reached. Some targets were reached across
education, child health, HIV and malaria, and water and
sanitation indices.
Total on-site spending in the MV1s decreased from an
average of $132 to $109 between the project’s first phase
and second phase. Although it would be interesting to
see how the impacts of the project changed as on-site
spending decreased, we did not estimate impacts over
time because we did not have project-collected data in
the comparison villages from before 2015. The available
trend data in the MV1s between 2010 and 2015 showed
that outcomes improved, averaged across the ten sites.
This study has some limitations. Our impact estimates
are only interpretable as impacts if two assumptions
hold. First, we assumed unconfoundedness—ie, within
strata defined by observed variables, the outcomes in the
MV1s and comparison villages would have been the
same (on average) without the project.25,49,58,65–69 Second,
we assumed that outcomes in the comparison villages
were not affected by the project.49
The plausibility of unconfoundedness was limited by
the non-random design and scarce data for comparison
villages at baseline. Our approach used available data,
matching on many variables measured before project
implementation or not affected by the MVP.26 Some
matching variables were estimated from the DHS sample.
We were unable to adjust for any additional confounding
by the true (unobserved) variables, although research
suggests this residual confounding is not substantial in
most cases.70,71 For three countries (Nigeria, Ethiopia, and
Tanzania), DHS data were not available, so only
geographical variables were used. Two unmeasured
variables, local political buy-in and community owner
ship, were not included in the matching, which might
have affected the selection of the MV sites and hence
were possible confounding variables. We assessed un
confoundedness, and the results did not undermine the
assumption’s credibility (appendix).
There are several possible routes by which outcomes
in the comparison villages could have been affected by
the project. First, residents might have migrated
between the MV sites and comparison villages.
However, at endline evaluation, household heads in the
MV1s had lived there for almost 10 years (on average),
whereas household heads in the comparison villages
had lived in the MV sites for less than 1 year (on average;
appendix). Second, residents of comparison villages
might have accessed project services, particularly
at health facilities. Third, comparison villages might
have heard about and adopted MVP interventions.
Fourth, outcomes in the MV sites could have affected
outcomes in comparison villages—eg, through reduced
malaria contagion or sharing of HIV knowledge.72,73
Fifth, government spending in the comparison villages
e511

might have been affected by the project as a result of
MV sites being targeted or deprioritised for investments.
Our matching procedure ensured that comparison
villages were at least 10 km away from MV sites in an
effort to reduce all but the fifth interference issue.
Generalisability and sustainability are difficult to
assess, so extrapolating the results to different scales,
locations, and time periods should be done with caution.
In particular, even if local political buy-in and community
ownership were not confounding variables, they could
affect the generalisability of the results.74
Our analyses did not take into account spatial
correlations (the tendency of closer areas to have more
similar outcomes) beyond accounting for clustering into
villages and countries.
We did not collect spending data in the comparison
villages because of scarce evaluation resources and
concerns about the accuracy of data recalled from up to
10 years previously. Knowledge of the difference in
spending with and without the project could have
enabled a cost-effectiveness analysis.
As in much social science research, both the intervention
recipients and the evaluation team were not masked to
project assignment. Likewise, recall bias and respondent
fatigue might have affected data quality. Although some
data were missing because of non-response (appendix),
most variables were almost complete, and response rates
were similar for MV1s and comparison villages (appendix).
Results from an available-case analysis were very similar
to the multiple-imputation analysis.
Our non-factorial design did not allow estimation of
the effects of component interventions nor their
interactions, preventing assessment of the extent of
synergistic effects.75,76 Similarly, we could not separately
estimate the effects of project management from the
intervention activities. This paper does not include a
process evaluation studying the project’s causal pathways.
The MVP did not meet its goal of achieving all of the
MDGs, mirroring low attainment of the MDGs across
sub-Saharan Africa as a whole.64 Both Africa-wide
MDG efforts and half of the MV1s received less donor
funding than was recommended in the UN Millennium
Project’s report.4,77,78
The achievements of the MVP in health suggest support
for the project’s emphasis on strengthening the
continuum of care from households, to primary care
facilities, and to tertiary care facilities. In particular, we
believe that the project’s cadres of paid, professionalised
community health workers, empowered with smartphones
to aid in service delivery and real-time disease monitoring,
contributed to the positive results. The project was also an
early adopter of interventions and technologies that have
since been implemented by development organisations
and governments, in part because of the MVP’s
demonstration and advocacy. These include free mass
distribution of insecticide-treated bednets, home-based
malaria testing by community health workers using rapid
www.thelancet.com/lancetgh Vol 6 May 2018
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diagnostic tests, use of mobile health applications for
collection of real-time operational data, and micro-grid
solar-powered electrification in rural areas. Although
poverty is difficult to define and accurately measure, the
project’s overall positive impact on household asset
ownership is a promising indication that living standards
were improved.
This impact evaluation was restricted to a crosssectional, endline comparison with matched villages,
using methods specified in the protocol. In the future,
additional comparisons would be interesting and useful
as sensitivity analyses. For example, comparisons could
be made between the MV1s (from data collected by the
MVP) and national rural areas (from DHS data). Rural
development initiatives, such as those done by the MVP,
should be viewed as only one component of an integrated
national strategy to end extreme poverty. The MVP was
not able to address national-scale infrastructure or
systems (such as highways, railways, or supply chains)
that are crucial for development in rural and urban areas.
However, this endline evaluation might allow some
policy implications to be drawn from the project.
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