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ABSTRACT
This paper explains how The Lives Saved Tool (LiST), a computer-based model that estimates 
the impact of scaling up interventions on stillbirths, maternal, neonatal and child health, can 
contribute to evaluations of programs being delivered at scale to improve maternal and child 
health. LiST can be used to estimate the impact of a program in advance, allowing planners to 
refine, streamline and set appropriate program targets. LiST can also be used to estimate the 
impact of a program, which is particularly useful given the high costs of measuring changes 
in population health. Finally, LiST can be used to estimate the relative contributions of 
different interventions or sets of interventions within programs that are found to have 
a positive impact. The latest version of LiST allows users to manipulate both utilization and 
quality of service to generate estimates of effective coverage. In addition, a new, web-based 
version of LiST is now available, with a simpler and more streamlined interface designed to 
increase accessibility to beginning users. LiST modeling can help program planners, evalua-
tors and funders respond to core evaluation questions related to program design and impact, 
providing evidence to support decisions about how best to use available resources to save 
the lives of women and children.
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Background

There have been dramatic reductions in deaths 
among women and children since 2000 [1–3]. 
Despite this progress, there remain many deaths 
that could be prevented through known and effective 
interventions. Comprehensive evaluations of pro-
grams targeting reproductive, maternal, newborn 
and child health and nutrition (RMNCH&N) pro-
duce essential information needed for the continuous 
improvement of programs, and yet are rarely con-
ducted [4]. The ‘Real Accountability: Data Analysis 
for Results’ (RADAR) project aims to improve the 
evidence base for program and policy decisions in 
RMNCH&N by providing clear guidance for design-
ing and implementing effectiveness evaluations of 
large-scale programs in low- and middle-income 
countries (LMICs) [5]. The RADAR framework for 
program evaluation focuses on a set of five methodo-
logical steps, or ‘core evaluation questions’, that 
should guide such evaluations (Panel 1).

Modeling is an essential resource for program 
evaluation [5,6]. This is especially true in 
RMNCH&N programs, which address multiple age 
groups and many interrelated and even inter- 
generational health and nutrition outcomes. 
Harnessing computational power has become neces-
sary as the evidence base expands on the complex 

interactions among interventions and their direct and 
indirect effects on RMNCH&N outcomes.

Why, then, do so few program evaluations include 
modeling in their methodological approach?

First, most programs aim to deliver multiple inter-
ventions that address more than one disease or cause 
of death, while most models have historically been 
developed to address a single cause or disease, limit-
ing their usefulness. For example, a model that cor-
rectly captures the impact of interventions and other 
external factors on pneumonia – a major cause of 
child mortality in most LMICs – is helpful only in 
planning and evaluating a pneumonia-specific pro-
gram. Modeling results in this case have little rele-
vance to broader programs (e.g. community case 
management programs targeting childhood pneumo-
nia, malaria and diarrhea), and may miss even some 
important effects of a pneumonia program, such 
reductions in tetanus, diphtheria and pertussis that 
result from use of pentavalent vaccines (which con-
tains Hib-vaccine) to reduce pneumonia.

Second, many models do not capture the effects of 
extra-program factors and interventions that deter-
mine changes in health outcomes. For example, 
although disease-specific models targeting child 
deaths due to diarrhea are likely to capture the mor-
tality impact of achieving increases in coverage of 
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oral rehydration solution for children with diarrhea. 
However, many models do not traditionally taken 
into account concurrent changes in coverage for 
other interventions (e.g. interventions to improve 
water and sanitation) or risk factors (e.g. stunting) 
that are also known to increase the risk diarrhea 
mortality. Although all models, by definition, are 
a limited reproduction of the real world, 
RMNCH&N models must be broad enough to cap-
ture the full range of effective interventions, major 
causes of deaths and risk factors and the web of 
interactions among them.

A third factor limiting the use of modeling in 
RMNCH&N program evaluations is that many mod-
els are difficult to access and use, often requiring 
skills beyond those of most program planners or 
evaluators. The models, while perhaps very accurate, 
have not been developed for use by most non- 
modelers and may require information that is not 
readily available at the country or program level.

In this paper, we describe the historical evolution 
of the Lives Saved Tool (LiST) model, and the extent 
to which it addresses these three constraints to the 
successful use of modeling in RMNCH&N program 
evaluations. We use the RADAR core evaluation 
questions (Panel 1) as a starting point. Although 
LiST can help program planners and evaluations 
answer all five questions, we focus here on two: 
Question 1 – ‘Does the program focus on interven-
tions that will have the greatest impact in the pro-
gram context?’; and Question 5 – ‘Is the expected 
impact of the program occurring? Why or why not?’.

Overview of the lives saved tool (LiST) and the 
new LiST on-line

The Lives Saved Tool, or ‘LiST’, is a mathematical 
modeling tool that allows users to estimate the impact 
of coverage change on stillbirths and maternal, neo-
natal and child mortality in LMICs. In 2003, a group 
of scientists working in child survival created 
a spreadsheet-based model designed to answer the 
question, ‘Can we reach the 2015 Millennium 
Development Goal targets for reductions in child 
mortality by achieving high levels of coverage for 
existing interventions feasible for delivery in low- 
income countries?’ [7] This precursor to LiST 
included 23 interventions with evidence of both effi-
cacy and feasibility for scale-up in low-resource com-
munity settings. The authors estimated that achieving 
high coverage with this set of interventions in the 42 
countries that accounted for 90% of child deaths in 
2000 could reduce child mortality by over 60%, suffi-
cient to achieve the MDG for child survival.

This initial model introduced an overall frame-
work for child survival that linked levels of interven-
tion coverage with reductions in cause-specific child 

mortality. The authors proposed that the effect of 
more distal factors like education and income – 
while important – would be captured through 
changes in intervention coverage. They also took 
into account that both mortality levels and cause-of- 
death distributions would change over time as the 
result of changes in coverage [7].

In the intervening 17 years, the original model has 
been expanded, refined, and renamed as LiST. LiST 
has evolved from a simple spreadsheet model to 
a multi-faceted application operating within the 
Spectrum software package. Spectrum links LiST to 
a full demographic package with population projec-
tions for all LMICs, as well as modules used to 
estimate the impact of family planning and HIV/ 
AIDS programming. [8] Panel 2 provides a brief 
introduction to the process of running LiST.

The health outcomes included in LiST have 
expanded over time from overall to cause-specific 
child mortality, maternal mortality, stillbirths, birth 
outcomes (low birth weight, small for gestational age, 
prematurity), maternal anemia, and stunting and 
wasting. This has meant the addition of many addi-
tional interventions, all supported by evidence of 
efficacy, and refinements in the inter-relationships 
between family planning programming and birth- 
related risks for mothers and children. A full descrip-
tion of the model, as well as a visualizer showing the 
current LiST structure and assumptions underlying 
links between interventions, risk factors and health 
outcomes can be seen at https://www.livessavedtool. 
org/.

LiST data and assumptions have expanded over 
time to reflect the evolving RMNCH&N evidence 
base. The original list of 23 child survival interven-
tions has expanded to include interventions across 
the full RMNCH&N continuum of care. The under-
lying framework now includes not only interventions 
that have a direct effect on mortality, but also those 
that affect mortality indirectly by changing levels of 
risk factors. For example, LiST now includes the 
complex relationships between nutrition and the 
health of women and children, including measures 
and interventions related to growth [9,10]. In addi-
tion, LiST now provides the option of using quality- 
adjusted estimates of coverage for antenatal and 
childbirth interventions that take into account mea-
sures of service utilization and readiness to deliver 
care [11,12].

A key feature of LiST is that the model was devel-
oped so that it reflects the interactions of over 80 
different interventions that have been proven effica-
cious in improving the health of women and chil-
dren. This includes efficacy in reducing cause-specific 
mortality for pregnant women and children as well as 
interventions that have an impact on risk factors such 
as birth outcomes, wasting and stunting in children 
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as well as risk factors among pregnant women such as 
anemia, micro-nutrient deficiencies and low body 
mass index. The model’s approach allows one to 
estimate the impact of scaling up coverage of 
a single or a set of interventions on maternal and 
child health as well as on the levels of the different 
risk factors. One can investigate the full set of inter-
ventions, causes of death and risk factors in LiST by 
looking at the LiST visualizer at www.livessaved 
tool.org.

The LiST database includes both national and sub-
national (where available) data since 1996, and is 
updated regularly. Development of the database and 
software were initially (2005–2013) guided by the 
Child Health Epidemiology Reference Group 
(CHERG) of the World Health Organization/ 
UNICEF, which supported regular systematic reviews 
and updating of model assumptions and expansions 
of its content. Since 2013, the LiST team based at 
Johns Hopkins University has worked with various 
organizations to convene expert reviews and consul-
tative meetings to ensure that LiST assumptions con-
tinue to reflect scientific advances [13]. The evidence 
supporting the assumptions used in LiST have been 
published at regular intervals in peer-reviewed jour-
nals [13].

In this paper we introduce a major LiST innova-
tion: a web-based version of LiST. ‘LiST Online’ 
responds to issues identified in over 15 years of 
experience with the users of desktop version of the 
model. LiST Online increases access to the tool for 
users of desktops with limited memory, or running 
on computing platforms other than Windows [14], 
and does not require downloads of the full Spectrum 
software. LiST Online also has increased flexibility, 
allowing users to focus on specific time periods, 
interventions or outcomes of interest, or to develop 
bespoke applications, without losing the full compu-
tational power of the tool. LiST Online ensures that 
users have access to the most up-to-date release of 
the software, bringing the best available data to bear 
on their modeling questions. Finally, the layout, 
interface and visualization functions of LiST Online 
have been optimized for use on a range of devices 
(computers, tablets or phones), promoting frequent 
use to answer immediate questions. LiST Online has 
been subjected to three rounds of user testing to date, 
with positive results on ease of use – especially for 
new users.

LiST Online is organized into three inter-related 
tools:

(1) EXPLORE DATA, which helps users visualize 
and critically review the input data they will 
use in developing their model;

(2) MISSED OPPORTUNITIES, which assists 
users in assessing the relative impact of 

individual interventions or sets of interven-
tions; and

(3) PROJECTION, which provides flexible 
options for users to select default input data 
from the LiST database or to enter their own 
input data to estimate the lives saved through 
changes in intervention coverage.

We explain how each of these tools can be used to 
address core evaluation questions in the sections that 
follow.

Using LiST to refine RMNCH&N program and 
evaluation plans

A first and fundamental core evaluation question is: 
‘Does the program focus on interventions that will 
have the greatest impact in the program context?’. 
[Panel 1] Answering this question in the planning 
phase of an evaluation is important, because public 
health resources are scarce and many programs in the 
highest-mortality settings do not have health systems 
strong enough to implement complex strategies deli-
vering multiple interventions at levels of quality suf-
ficient to achieve impact. Although this may seem to 
be an obvious consideration, many programs are 
planned and implemented without a clear under-
standing of the impact they can expect from their 
program. Here we describe three specific ways in 
which using LiST to answer this question can 
strengthen programs and their evaluation.

First, modelled estimates of program impact can 
be used to refine the planned program. Program 
planners can use LiST, and especially the LiST 
Online EXPLORE DATA tool, to help them under-
stand relevant parameters of their setting. LiST 
quickly and easily produces summaries of historic 
trends and current status for the major causes of 
death and relevant risk factors, as well as intervention 
coverage. The results provide the information needed 
to check on the extent to which planned program 
interventions target the major causes of death and 
can be expected to reduce mortality given current 
scientific evidence of efficacy. Program planners can 
then use the LiST Online MISSED OPPORTUNITIES 
tool to prioritize individual interventions based on 
their relative impact given local cause-of-death pro-
files, intervention efficacy and current coverage levels. 
Most RMNCH&N programs aim to increase coverage 
and quality for multiple interventions simultaneously. 
The LiST Online PROJECTION tool handles this 
complexity and allows users to build and explore 
scenarios containing alternative packages and 
approaches (e.g. a focus on preventive vs. curative 
interventions, or interventions delivered at facility 
vs. community level). LiST can also disaggregate the 
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results to show how much of the estimated impact 
can be attributed to specific interventions or delivery 
approaches. This allows program planners to con-
sider eliminating from the program those interven-
tions that will have little or no impact, and 
introducing or prioritizing the interventions or 
approaches that yield the greatest impact – especially 
those that capitalize on potential economies of scale 
because they can be delivered through systems 
already being developed or strengthened by the pro-
gram. For example, a program that seeks to improve 
the coverage and quality of an antenatal care package 
might find that almost all of their impact comes from 
one or two services, and that a tighter focus on these 
activities might reduce the costs and increase the 
impact of the overall program. LiST has been used 
in this way to improve the focus and expected impact 
of RMNCH&N programs in numerous countries [15] 
for the United Nations and other aid agencies 
[16–18].

Second, modelled estimates of program impact can 
be used to inform program expectations, set realistic 
program targets, and promote a shared understand-
ing among implementers, evaluators and funders. 
Good practice in program planning includes setting 
quantitative targets, such as the number of mothers 
reached with birth care services, or the number of 
children vaccinated, as well as estimates of antici-
pated health impact. Unfortunately, most target- 
setting is based on little evidence, and given pressures 
to engage constituents or potential funders, the 
resulting targets are often unrealistically high. When 
these unrealistic targets are not achieved, the results 
can have negative effects on support and future fund-
ing for a program [19]. LiST modeling can help set 
the stage for realistic targets and expectations, pro-
viding an evidence-based rationale for a program 
plan. In addition to producing results on expected 
impact, program planners can use the LiST Online 
EXPLORE DATA tool to review both historical cov-
erage trends in their setting and levels of coverage 
able to be achieved in other contexts with similar 
characteristics. This provides a useful starting point 
for setting realistic coverage targets and expectations. 
Using LiST to generate information for planning can 
promote a shared understanding among implemen-
ters, evaluators, and funders about what a program is 
aiming to do, the pathways through which these 
activities will result in population-level improvements 
in health and nutrition, and – as described in the next 
paragraph – the types of results that will be amenable 
to measurement and at what cost. Working proac-
tively to build these shared expectations can help 
avoid vacillations in program funding and save lives.

Third, modelled estimates of program impact are 
needed to inform the development of an evaluation 
plan for the program. LiST results showing expected 

changes in coverage, health outcomes and risk factors 
can be used to define what needs to be measured in 
the evaluation, and whether it will be feasible (given 
sample size requirements) to capture expected 
changes within the time frame of the evaluation. For 
example, for a program aiming to increase exclusive 
breastfeeding rates among children under six months 
of age, LiST estimates that if the program reaches its 
target, the overall reduction in under-five mortality 
will be roughly five percent of the current under-five 
mortality rate of 60 per 1,000 live births or about 3 
deaths per 1,000 live births. Based on this informa-
tion, the evaluators can determine the size of the 
sample needed to measure the mortality reduction 
accurately, and work with program managers and 
evaluation funders to determine whether the invest-
ment needed to measure mortality change is justified. 
In many settings, obtaining accurate measurements 
of changes in intervention coverage and using mod-
eling to estimate mortality impact is a more reason-
able approach than conducting a population-based 
survey.

Using list to estimate program impact and 
attribute effects

The final core evaluation question as proposed in this 
framework asks: ‘Is the expected impact of the pro-
gram occurring? Why or why not?’ [Panel 1]. 
Responding to this question is the ultimate aim of 
a full effectiveness evaluation. In this section, we 
review how LiST can be used to assess and attribute 
the health and nutrition impact of a program in two 
different evaluation scenarios: as a complement to 
measured impact, and as a replacement for measured 
impact.

LiST can make important contributions even when 
an evaluation plan already includes high-quality mea-
surements of the potential health and nutrition 
impact of a program. The estimates of lives saved 
produced by LiST from changes in measured cover-
age for specific interventions, using best-available 
estimates of the efficacy of those interventions for 
specific population subgroups and over time, includ-
ing longer-term and indirect effects via risk factors. 
Estimates produced by LiST therefore reflect a best- 
case scenario of program impact, based on scientific 
evidence. Comparing what science predicts should 
have happened given measured changes in interven-
tion coverage to what did happen as reflected in 
measured changes in mortality and nutritional status 
provides unprecedented learning opportunities for 
program planners and evaluators. For example, in 
settings or for subpopulations where large propor-
tions of deaths can be addressed by interventions 
for which coverage can be measured accurately via 
household surveys (e.g. measles vaccination, oral 
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rehydration therapy for diarrhea, first-line treatment 
for presumed malaria) [20], the match between LiST 
estimates and measured under-five mortality is often 
excellent. However, in settings where large propor-
tions of deaths are due to causes for which accurate 
measurement of intervention coverage is difficult or 
impossible (e.g. maternal or neonatal deaths due to 
inadequate care around the time of birth) [21], there 
have been – in the past – larger gaps between mod-
eled and measured estimates of program impact. This 
specific issue has largely been addressed by the inclu-
sion of quality-adjusted coverage measurements in 
LiST, but illustrates how LiST has contributed to the 
growing focus on quality in RMNCH&N programs 
[22,23]. LiST has also proven useful in highlighting 
the importance of quality control in household sur-
veys, the most common source of population-based 
measurements of both coverage and health and nutri-
tion indicators [20,24]. For example, applications of 
LiST to estimate the impact of the national child 
survival program Tanzania showed wide discrepan-
cies with the results of a national Demographic and 
Health Survey in 2010 [25,26]. These discrepancies 
disappeared when the results of LiST projections were 
compared to a later (2015–16) national DHS, con-
firming reports of quality control problems in the 
earlier survey [27].

Using LiST as a complement to measured results 
of impact modeling can produce estimates that spur 
important learning. This learning can include ana-
lyses of reasons for gap between the maximum pro-
gram impact expected if the program is delivered 
according to best practices and the actual results, 
leading to identification and resolution of factors 
hindering implementation and evaluation design 
and measurement.

Perhaps the most important potential contribution 
of LiST to evaluations that also include measurement 
of impact is that LiST – unlike population-based 
surveys – can produce information about how pro-
gram impact was achieved. Using measurements of 
coverage change, for multiple interventions, over 
time, and taking into account both demographic 
changes and changes in the susceptible population, 
LiST can estimate the relative contributions of indi-
vidual or packaged interventions and the strategies 
used to deliver them to the target population for 
programs that produce measureable impact. LiST 
therefore provides a remarkable resource for those 
making decisions about how best to improve the 
health, survival and nutritional status of women and 
children.

For some programs, measuring impact is not fea-
sible due to methodological, timing, financial or other 
constraints, and LiST provides a useful alternative. 
The effort and expense of measuring impact is rarely 
warranted if available data and documentation (e.g. 

coverage of key interventions) suggest that the pro-
gram is unlikely to have had measureable impact on 
maternal or child health or nutrition within the per-
iod of the evaluation. When systematic efforts to 
answer evaluation questions in the framework 
addressing program focus, implementation and cov-
erage (Panel 1) yield negative results, common sense 
suggests that scarce public health resources should 
not be used to measure impact, and evaluators should 
focus instead on understanding the reasons for lim-
ited progress earlier in the impact model. Here mod-
elling of impact is not required but running the 
model based on the lack of change in coverage does 
provide evidence for making the decision to not try 
and collect impact data.

In many settings, accurate measurement of impact 
may not be feasible. Methodological constraints 
include difficulties in defining an appropriate com-
parison area or obtaining accurate measurements of 
outcomes. Timing constraints include situations in 
which impact results are needed immediately, and 
do not allow for sufficient periods for interventions 
to translate into changes in mortality or nutritional 
status. Examples include the longer-term benefits of 
implementing interventions that reduce stunting 
rates or interventions aimed at increasing the levels 
of vaccine coverage, both of which result in longer- 
term health benefits rarely able to be captured during 
a single survey designed to estimate impact. LiST can 
be used to estimate longer-term impacts of program-
ming that extend beyond the period of the evaluation. 
Financial constraints include the high costs of con-
ducting population-based surveys that include accu-
rate measurement of mortality, with appropriate 
sample sizes, recall periods, and where necessary bio-
metric technology. Accurate data on morbidity and 
mortality in geographically-defined program areas are 
rarely available from other sources, and the sample 
sizes needed to measure changes in these variables at 
population level are often prohibitively large. These 
challenges are not new, but precipitous drops in 
under-five and maternal mortality rates over the last 
20 years [2,3] have made it increasingly difficult and 
expensive to measure change. Relative to health 
impact measures, the population-based estimates of 
intervention coverage needed to generate LiST esti-
mates of impact are relatively inexpensive and feasi-
ble for most RMNCH&N projects to measure.

When funding for evaluations is limited and 
high-quality data on intervention coverage are avail-
able, LiST can produce defensible estimates of pro-
gram impact at minimal cost. Panel 2 provides 
a general overview of how to use LiST to estimate 
program impact; the LiST Online PROJECTION 
tool provides easy access to the full computational 
power of LiST and allows adaptation for specific 
programs.
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Conclusions

Program evaluations are an important resource in 
efforts to save the lives of women and children. 
Well-designed program evaluations generate the 
evidence needed to improve programs and their 
effectiveness in saving lives, especially if guided by 
a new evaluation framework focused on five core 
evaluation questions (Panel 1). In this paper, we 
have explained why modeling should be a routine 
part of RMNCH&N program evaluations, and 
reviewed the historical underpinnings and contin-
ued development of the Lives Saved Tool (LiST) 
and its recent evolution into a web-based tool 
(LiST Online).

LiST is designed to capture best available evi-
dence on the complex processes that affect 
RMNCH&N program effectiveness, and put it at 
the disposal of program planners, evaluators and 
funders. The latest iterations of the LiST model 
address three major impediments that have limited 
the effective use of modeling as a program evalua-
tion tool in the past. First, LiST is designed to 
handle multiple causes of maternal, newborn and 
child deaths and the many potential interventions 
and external factors that act on these deaths, both 
directly or indirectly. Second, LiST captures the 
effects of a broad range of factors and interventions 
that determine changes in health outcomes and 
their synergistic and antagonistic interactions. 
Third, LiST – and particularly the new LiST 
Online – does not require technical expertise in 
modeling, and is therefore accessible to a broader 
range of users and can produce results quickly to 
inform decisions when they are being made. 
Finally, the new LiST Online has extended capabil-
ities to support sub-national modeling and is 
designed to link with other programs and support 
the incorporation of the extensive LiST databases 
and powerful calculation engine into other model-
ing tools.

Those who want to familiarize themselves with 
LiST are encouraged to visit the LiST website at 
https://www.livessavedtool.org/. On-line training in 
LiST is available on the LiST website or via a series 
of in-person training workshops sponsored by the 
Government of Canada.
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