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ARTICLE INFO ABSTRACT

Keywords: Child stunting is a public health problem in Malawi. In 2014, the Government of Malawi launched the Right
Monitoring Foods at the Right Time (RFRT) program in Ntchisi district delivering nutrition social and behavior change
Evah_létion communication, a small-quantity lipid-based nutrient supplement to children 6-23 months, and nutrition sen-
Nutrition sitive activities. Monitoring and evaluation (M&E) systems are key aspects of successful program implementa-
Is\;ﬁ:;;g tion. We describe these and the methodology for an impact evaluation that was conducted for this program. Two

monitoring systems using traditional and electronic platforms were established to register and track program
delivery and processes including number of eligible beneficiaries, worker performance, program participation,
and to monitor input, output, and outcome indicators. The impact evaluation used comparative cross-sectional
and longitudinal designs to assess impact on anthropometric and infant and young child feeding outcomes. Three
cross-sectional surveys (base-, mid-, and end-line) and two longitudinal cohorts of children followed in 6-month
intervals from 6 to 24 months of age, were conducted in sampled households in the program and a neighboring
comparison district. Additional M&E included qualitative studies, a process evaluation, and a cost-effectiveness
study. The current paper describes lessons from this program’s M&E, and demonstrates how multiple im-
plementation research activities can inform course-correction and program scale-up.

1. Introduction

Stunting, defined as length-for-age z-score < -2, affects 37% of all
children under five years of age in Malawi (National Statistical Office,
ICF Macro, 2017). The consequences of stunting are significant and
contribute to increased childhood morbidity, as well as poor physical
and cognitive development (Black, Victora, & Walker, 2013;
Prendergast & Humphrey, 2014). Further, the fragility of the immune
system of a stunted child contributes to increased mortality, even in
mild cases of stunting (Olofin, McDonald, & Ezzati, 2013). As Olofin
and colleagues have demonstrated, children with a height-for-age z-
score (HAZ) between -1 and -2 have an increased risk of mortality of
1.56 (95% CI: 0.98, 2.46), while those with a HAZ between -2 and -3
have an increased risk of mortality of 2.45 (95% CI: 1.56, 3.87) as
compared to those with a HAZ =-1 (Olofin et al., 2013).
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The determinants of child stunting in Malawi and similar contexts
are multi-layered, multi-causal, and multi-generational, as outlined in
the conceptual framework for maternal and child undernutrition
(Black, Allen, & Bhutta, 2008; United Nations Children’s Fund
(UNICEF) (1990). Malawi is among the poorest countries in the world,
ranking 170 out of 188 countries on the Human Development Index
(United Nations Development Programme (UNDP) (2016)), and with a
gross national income (GNI) per capita of $340 in 2015 (The World
Bank, 2017). Pervasive and chronic poverty, along with a complex and
wide range of other socioeconomic factors, are associated with a high
prevalence of undernutrition in Malawi (Chikhungu & Madise, 2014;
Ruel & Alderman, 2013).

Globally, inappropriate complementary feeding practices have been
shown to be associated with stunting (Black et al., 2013); in Malawi,
this relationship has also been found to be true (Espo et al., 2002).
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Overall, the diets of young children in much of Malawi are inadequate
with only 8% of all children aged 6-23 months consuming a minimum
acceptable diet (MAD) (National Statistical Office, ICF Macro, 2017).
This low value is largely due to insufficient meal frequency (29% of
children achieving a minimum meal frequency (MMF) defined as two
meals per day for breastfed children 6-8 months, three meals per day
for breastfed children 9-23 months, and four meals per day for non-
breastfed children) and limited dietary diversity (only 25% of children
6-23 months consuming the minimum dietary diversity (MDD) of four
out of seven food groups in the previous 24 h) (National Statistical
Office, ICF Macro, 2017; The World Health Organization (WHO) et al.
(2008)).

Malawi was among the first countries to join the Scaling Up
Nutrition (SUN) Movement in 2011, and has since demonstrated sig-
nificant political commitment to addressing child undernutrition
(Scaling Up Nutrition, 2011; Pensulo Phiri, 2016). The operationaliza-
tion of Malawi’s nutrition-oriented policies into programming was ex-
emplified in the Government-led nutrition program, ‘Right Foods at the
Right Time: Targeting Nutrition of Children under Two’ (RFRT) (The
World Food Programme (WEP), 2015), which was implemented in
Ntchisi District of central Malawi. The primary objective of the program
was to prevent stunting during the critical window from conception to
two years of age, also referred to as the first 1000 days, through a
package of evidence-based health and nutrition interventions that tar-
geted pregnant women and children 6-23 months of age. Secondary
objectives were related to improvements in other nutritional outcomes,
including child underweight, wasting, and anemia, and infant and
young child feeding and hygiene behaviors. The program also aimed to
influence the global scale-up of prevention programming, while doc-
umenting best practices, models, and evidence of impact to enable
governments and influence the global nutrition community.

Significant financial resources, intellectual efforts, and partnership-
building between the Government of Malawi (GoM), the World Food
Programme (WFP), World Vision Malawi (WVM), the Children’s
Investment Fund Foundation (CIFF), and Johns Hopkins Bloomberg
School of Public Health (JHSPH), were invested into the program’s
design, implementation, funding, and evaluation, respectively.
Implementation research activities conducted under the program’s
monitoring and evaluation (M&E) plan and an independent impact
evaluation study were used to generate immediate and longer-term
program feedback and evidence, which were used for mid-course ad-
justments, correction, and continued learning. Furthermore, the M&E
plan was crucial for responding to the objectives of the RFRT. The
objective of the current manuscript is to describe the development and
implementation of the M&E systems and research, as well as lessons
learned throughout the process of implementation of each of these
program evaluation components.

2. The Right Foods at the Right Time

Following an extensive planning and mass registration phase in
2013, the RFRT program was launched in January 2014 by the GoM
with technical, implementation, and financial support from WFP, WVM,
and CIFF, respectively. The GoM selected the district of Ntchisi as the
program area based on the following criteria: (1) government priority;
(2) high burden of stunting; (3) partnership potential; and (4) feasibility
of scale-up (The World Food Programme (WFP), 2015). The RFRT
program was built on a robust M&E system that was designed following
a stepwise approach that provided a continuous flow of information
which enabled the program to be adapted and hence respond to iden-
tified and changing needs of the population throughout the im-
plementation period (Fig. 1). The details of the program intervention
are published elsewhere (The World Food Programme (WFP), 2015). In
summary, the originally conceived package included: (1) a social be-
havior change communication campaign (SBCC) aimed at improving
maternal diets, infant and young child feeding (IYCF), and water,
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sanitation and hygiene (WASH) knowledge and practices; (2) blanket
distribution of a daily, small-quantity (20 g) lipid-based nutrient sup-
plement (SQ-LNS), Nutributter (Nutriset, Malaunay, France), to all
children 6-23 months of age; and (3) scaling up of community-based
management of acute malnutrition (CMAM) to 100% of the district
(The World Food Programme (WFP), 2015). A fourth component con-
sisting of nutrition-sensitive actions such as promotion of small live-
stock and home gardens was incorporated in the second year (2015) of
the program. This component aimed at responding to identified chal-
lenges in accessing diversified diets in the program district (The World
Food Programme (WFP), 2015). The theory of change for these activ-
ities and anticipated outcomes are presented in the program logical
framework (Fig. 2).

3. Program monitoring systems for the Right Foods at the Right
Time

The RFRT’s monitoring system was designed with technical support
from WFP during the program planning process. The objective of the
monitoring system was to monitor process, output, and outcome in-
dicators, as presented in the program’s logical framework (Fig. 2), that
allowed for quick-response course corrections, or “adaptive program-
ming”, and could result in improved program implementation. Three
separate yet complementary systems were developed for program
monitoring and are described in detail below, including: (1) SCOPE for
electronic participant registration and tracking by WFP; (2) Post Dis-
tribution Monitoring (PDM) surveys, which were conducted three times
per year (January, May and September) and led by WFP; and (3)
monthly performance monitoring of output indicators reported by the
cooperating implementation partner, WVM (Fig. 3).

3.1. Participant tracking and registration through SCOPE

SCOPE is a WFP-developed electronic beneficiary registration and
tracking system for program management (The World Food Programme
(WFP), 2014). During a 3-month-long mass registration and mobiliza-
tion phase in late 2013, children aged 0-23 months were registered into
the program at the health center or extended distribution point (EDP)
by providing personal details, such as their and their child’s names, age
or date of birth, village, and what health center they referred to. Once
the program was launched, registration was done at monthly distribu-
tions, with the aim of registering children at or by the age of six months,
when they became eligible to receive the program benefits. Diverse
methods of community mobilization (billboards, posters, gatherings,
events) and radio publicizing continued throughout the duration of the
program to drive continued registration as children became eligible. A
plastic beneficiary card with a participant photograph and barcode,
that contained the unique SCOPE ID linked their personal details to the
program database, was provided to all registered beneficiaries. Bene-
ficiaries presented their cards each month to avail themselves of pro-
gram benefits, namely receiving the monthly ration of SQ-LNS.

In 2016, the SCOPE system was further streamlined with the de-
velopment of Mobile SCOPE, which could run on Android version 5.0
mobile devices and was made available at all 12 health centres across
the district by 2017. The introduction of the mobile app was in part to
respond to feedback received from field monitoring assistants regarding
the logistical difficulties of the current system (computers) to register
eligible children. Since enrolment rates were already very high across
the district (82% mean enrolment from 2014 to 2018), the advantage of
mobile registration was rather its improved efficiency for tracing par-
ticipants, as well as the ability to carry the portable device to remote
areas, enabling unscheduled on-site registrations without the need for
heavier devices.

During four years of implementation (January 2014-January 2018),
SCOPE registered and tracked the attendance of 53,173 beneficiary
children between the ages of 6 and 23 months. A key feature of the
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COST-EFFECTIVENESS

6 | Isthe program cost-effective?

Information source: Cost-effectiveness study

5 | Isthere animpact on nutrition?
Information source: Cross-sectional surveys, longitudinal study

IMPACT

4 | Have adequate levels of effective coverage been reached In the population?

Information source: SCOPE

EFFECTIVE COVERAGE

3 | Are these services being used by the population?
Information source: PDM Surveys, Cross-sectional surveys

UTLIZATION

Are adequate services being provided?
* At health facility level?
2. At community level?

Information source: PDM surveys, process evaluation, SBCC monitoring, qualitative studies

PROVISION

1 | health system context?

Are the interventions and plans for delivery technically sound and appropriate for the epidemiological and

Information source: Formative research, qualitative studies

POLICIES; RESULTS-BASED PLANNING

Fig. 1. Flow of information for the RFRT program designed using the stepwise approach to program monitoring and evaluation.
PDM: Post-distribution monitoring; SBCC: Social and behavior chance communication; SCOPE: electronic monitoring system for program coverage.

Source: Adapted from Victora et al., 2010.
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Fig. 2. Logical framework of the RFRT program.

electronic SCOPE system was its functionality in controlling entry and
exit criteria to exclude children who were not eligible for the program
due to their age (< 6 and =24 months). Incoming data from SCOPE
could be visualized in a business intelligence dashboard created

specifically for this program, which provided near real-time updates on
overall participation by village and by monthly distribution cycle. The
dashboard also allowed near real-time analysis of participation trends
over time and calculated total number of beneficiaries reached
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Fig. 3. Timeline and responsibilities of monitoring and evaluation activities for the RFRT program in Ntchisi District, Malawi.

monthly, annually, and over the course of the program. For example,
the mean enrollment over the four years of implementation was 82%,
with 63% in year 1 (2014), to 79.3% in year 2 (2015), 89% in year 3
(2016), and 90.5% in year 4 (2017). Data visualization was accom-
plished through simple graphs and tables, which could be accessed si-
multaneously by program planners and managers at the local, country,
regional and headquarter WFP offices, who collaborated in real-time to
make evidence-informed program implementation decisions. Some of
these decisions included, for example: (1) the addition of distribution
sites in areas that exhibited low attendance; (2) directed, individual-
level follow-up with households that demonstrated repeated absences;
(3) improved age-based beneficiary targeting (6-23 months); and (4)
more efficient tracking and purchasing of SQ-LNS that led to program
cost savings.

3.2. Post-distribution-monitoring (PDM) surveys

PDM surveys were led and conducted every four months by WFP, in
January, May, and September, beginning in 2014. They comprised a
second and complementary monitoring mechanism to SCOPE. PDM
surveys were used to monitor output and outcome indicators
throughout the year, which generated repeated measures on a number
of important indicators that were compared across seasons as well as
the project period. Specifically, PDMs collected data on self-reported
SQ-LNS adherence and use (consumption, sharing, selling, theft), as
well as knowledge of WASH and IYCF messages and practices. The
purpose of repeat measurements of these intermediate outcomes was to
capture whether and how practices varied over time and by seasons.
Monitoring of actual consumption of the food product was not mea-
sured. IYCF indicators minimum meal frequency (MMF), minimum
dietary diversity (MDD), and minimum acceptable diet (MAD) were
assessed in the surveys from January 2015 and the household food
security indicator Food Consumption Score Nutrient Quality Analysis
(FCS-N) from January 2016 to respond to evolving program interven-
tions, such as the addition of the small livestock and home gardening
component to increase dietary diversity of program beneficiaries. PDM

surveys used a two-stage stratified sampling method to identify a new,
representative sample of 350 mothers of children aged 6-23 months
and 350 pregnant women at each survey round. The sampling frame
used for each PDM survey was based on district population data and
program registration lists. In the first stage of sampling, clusters (group
village heads [GVH], a traditional aggregation of villages in Malawi)
were randomly selected from district population data using probability
proportional to size sampling. In the second stage, mothers of children
6-23 months and pregnant women were randomly selected for inclu-
sion in the survey. PDM sample sizes were calculated based on a 65%
estimated prevalence of program participation and relative precision of
0.065 for the participation prevalence estimate.

3.3. Training for PDM surveys

Training and pre-test data collection for the surveys was held three
times per year, prior to data collection. National enumerators were
recruited and selected based on their understanding and knowledge of
the local context. To foster familiarity and comfort with the inter-
viewees, all interviews were conducted in the local language,
Chichewa, using mobile devices (tablets) that promoted rapid data
compilation and analysis. During the two-day training, indicators in-
cluded in the survey, interviewing techniques, and food group names in
the local language were reviewed and studied. The training also allo-
cated time for familiarization of the mobile survey device, discussion
sessions, and a half day of pre-tests in the field. Approximately 90% of
the enumerators who participated in a PDM survey had participated in
other WFP-led local surveys, making them familiar to the context and
general interviewing technique.

Complete PDM reports were disseminated within two weeks of data
collection. The reports analysis, in complement with the SCOPE dash-
board results, were consistent with the planned efforts to implement
near real-time, evidence-based course correction and adaptive pro-
gramming.

Data collected through PDM surveys was also used for various
analytical purposes (publications forthcoming), including (1) the
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Objectives of the JHU-led impact evaluation of the Right Foods at the Right Time program.

Research Objective

Methodology used

Study population

1. To assess the difference in the prevalence of stunting (% below -2
z-scores in length for age, LAZ) among children 6-23 months of
age in the program versus comparison areas

2. To assess the difference in the 18-month pattern and rate of linear
growth, from 6-23 months of age, in a longitudinal cohort of
children in the program versus comparison areas

3. To assess the difference in the prevalence of anemia in children
and pregnant and lactating women (PLW) in the program versus
comparison areas

4. To assess the changes in maternal knowledge, attitudes and
practices related to IYCF and PLW in the program versus
comparison areas

districts

districts

Repeat cross-sectional surveys in program and comparison

Longitudinal follow-up of children 6-23 months, beginning at 6
months of age and every 6 months (at 12, 18, and 23 months)
until 23 months of age in the program and comparison districts
Hemoglobin measurements in the program and comparison
districts at baseline (2014) and endline (2017)

Repeat cross-sectional surveys in program and comparison

Children 6-23 months

Children 6-7.5 months at baseline
(2014) and midline (2015) cross-
sectional surveys

A subsample of PLW with children < 6
months, and children 6-23 months

Children 6-23 months

5. To identify facilitators and barriers to program access,
participation, and uptake, and community perceptions of the
program and its benefits

6. To assess the cost effectiveness of the program focusing on

outcomes of stunting and disability-adjusted life years (DALY)

Qualitative study that included:

In-depth interviews (IDIs)

Free listing of foods

Pile sorting of foods

Direct observations

Focus group discussions (FGDs)

Cost-effectiveness study to measure the incremental cost
effectiveness ratio (ICER) to assess the cost per case of stunting

Mothers and caretakers (fathers,
grandmothers) of children 6-23 months
Village leaders

Program staff, including nutrition
Promoters and Care Group Volunteers
(CGV)

averted

relationship between dietary diversity and market accessibility; (2) the
relationship between diarrhea prevalence and WASH practices; (3) the
sensitivity of IYCF indicators of MDD and MAD to seasonal differences
and how these indicators could be used in surveillance systems for early
warning; (4) the exploration of associations between household food
security, measured by the FCS-N, and individual-level nutrition in-
dicators MAD and MDD; and (5) the process evaluation study (de-
scribed in more detail below).

3.4. Monitoring of input and output indicators by the cooperating partners

WVM, who were the cooperating partner for implementation of the
program, provided regular monitoring on the RFRT through monthly
reports on input and output indicators, such as the completion of
training by program implementing staff.

3.5. Qualitative studies

Between 2014 and 2017, three qualitative studies were conducted
with the objective of informing programmatic course correction
(Fig. 3). WFP led the first two qualitative studies, from May-July 2014
and 2015, respectively, to explain gaps identified in PDMs as well as
from WFP and WVM staff that warranted further investigation. More
specifically, the first study assessed the key drivers of program im-
plementation and coverage of the SBCC component, with a focus on
front-line implementers (care group volunteers) for decision-making
and action. The second study sought to understand the reasons for
discordant results of high IYCF knowledge but suboptimal IYCF prac-
tices identified in PDM surveys. The results of the second qualitative
study, in combination with PDM survey results, were the impetus be-
hind the inclusion of the nutrition-sensitive program component that
was added in year two of the program’s implementation.

The third qualitative study, led by JHSPH, was conducted from
November to December 2015 and sought to understand the facilitators
and barriers faced by mothers of eligible program participants (children
6-23 months of age) as it related to attendance and participation at
monthly SQ-LNS distributions, as well as the household-level im-
plementation of SBCC messages around use of SQ-LNS, and IYCF and
WASH knowledge, practices, and behaviors (Ruel-Bergeron et al.,
2018).

All three qualitative studies used a combination of in-depth inter-
views (IDI), and focus groups discussions (FGD), which were the

primary methods of data collection, given the flexibility with which
they convey depth and understanding of certain issues of interest. The
JHSPH-led qualitative study also included free listing, pile sorts, and
direct observations, as well as IDI and FGD with other households (fa-
thers and grandmothers), community members (village leaders), and
program staff (nutrition Promoters and Care Group Volunteers). The
inclusion of household and community members broadened our un-
derstanding of the context in which mothers made decisions about their
child’s nutrition and care, while the inclusion of program implementing
staff enabled a better understanding of their responsibilities in program
delivery and implementation. The combination of various qualitative
research methods and respondents was used to provide context, as well
as to complement and triangulate information collected during the IDIs
on a range of maternal and child knowledge and behaviors. Sampling,
analysis, and results of these qualitative studies are forthcoming pub-
lication (Ruel-Bergeron et al., 2018).

4. Impact evaluation of the Right Foods at the Right Time

The independent impact evaluation of the RFRT was led by JHSPH
and aimed to measure the impact of the program in improving linear
growth and reducing stunting among children 6-23 months of age in
the program district after three years of implementation. Given the
known complex and distal nature of stunting to individual-level feeding
behaviors, as well as arguments against the use of stunting as an in-
dividual-level classifier of undernutrition (Perumal, Bassani, & Roth,
2018), the impact evaluation also included more proximal measures of
nutritional status and behaviors, such as child anemia, underweight,
wasting, and infant and young child feeding practices that might be
more responsive to the interventions delivered by the program (objec-
tives 3 and 4, Table 1).

The six research objectives of the evaluation and respective research
activities used to respond to them are outlined in Table 1. Given the
GoM’s targeted and purposeful selection of the program district, a
comparative design was used. Repeat cross-sectional surveys adminis-
tered to pregnant and lactating women (PLW) and program-eligible
children responded to objectives 1, 3, and 4; a longitudinal cohort of
children 6-23 months of age was enrolled to respond to objective 2; a
qualitative sub-study responded to objective 5 (described above); the
compilation of costing data was used to respond to objective 6; and a
process evaluation was used to assess timely recruitment into the pro-
gram, program fidelity (including quality), and reach of the program’s
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Outcome measures for the impact evaluation study, as collected in cross-sectional surveys and longitudinal cohorts.

Outcome Instrument

Methodology

Child and PLW nutrition outcomes

Length Seca 417 length boards (child)
Seca 213 stadiometer (PLW)
Weight Seca 374 digital infant scale (child)

Seca 876 flat scale (PLW)
Flexible plastic tape measure
MUAC tape measure

Head circumference
Mid-upper arm circumference
Anemia/

Hemoglobin

Infant and young child feeding outcomes”
Dietary diversity score (DDS)

Minimum dietary diversity (MDD)

Minimum meal frequency (MMF)

Minimum acceptable diet (MAD)

Child morbidity

Diarrhea, fever (high and low), symptoms of
acute respiratory infection, malaria, eye
infection, ear infection

Hb301 hemoglobinometer (HemoCue AB, Angelholm, Sweden)

24-hour recall of dietary intake (food frequency) on 9 liquid
(beverage) items and 16 food groupings

Maternal report of child symptoms in the 30 days preceding the
interview, and 7 days preceding the interview, among those
who experienced symptoms in the last 30 days

Supine length (child) or standing height (PLW) measured to
the nearest 0.1cm

3 repeated measurements per child/PLW

Weight measured to the nearest 0.1 kg

One measurement per child/PLW

Measured 3 times to the nearest 0.1cm

Measured 3 times to the nearest 0.1cm

1 spot of whole capillary blood, collected from heel (child) or
finger (PLW)

Calculation of a food group score (range 0-7) based on the
consumption of foods falling into the following food groups:
(1) grains, roots, and tubers; (2) legumes and nuts; (3) dairy
products (milk, yogurt, cheese); (4) flesh foods (meat, fish,
poultry and liver/organ meats); (5) eggs; (6) vitamin A-rich
fruits/vegetables; (7) other fruits and vegetables. 1 point is
assigned for each food group consumed.

Defined as the consumption of 4 or more food groups in the
previous 24 hours (based on DDS = 4)

Defined as the consumption of 2 meals among breastfed
children 6-8 months; consumption of 3 meals among
breastfed children 9-23 months; consumption of 4 meals
among non-breastfed children 6-23 months.

Defined as children who achieve both MDD and MMF.

Measured as 30-day and 7-day morbidity for each of the
symptoms included

@ All IYCF indicators are based on the 2008 WHO methodology (The World Health Organization (WHO) et al. (2008)).

implementation. This impact evaluation design comprehensively
documented and measured various outcomes of interest (Table 2), and
increased the certainty with which changes in child nutrition and ma-
ternal knowledge and practices can be attributed to the program’s im-
plementation.

4.1. Cross-sectional household surveys

The independent program impact evaluation included three cross-
sectional surveys, all of which were conducted in the program and a
neighboring comparison district, Dowa, from January to March 2014
(baseline), 2015 (midline), and 2017 (endline) (Fig. 3). The comparison
district was selected given its topographical, climactic, demographic,
and agricultural similarities to the program district. Household, child,
and maternal questionnaires were administered to households with
children 6-23 months and PLW, respectively.

The sampling frame for the program district consisted of all villages
with a total population of 150-600 in 12 health catchment areas in the
district, and 14 out of the 23 health catchment areas in the comparison
district. In the comparison district, 9 out of 23 health center catchment
areas were purposively excluded from the sampling frame for the fol-
lowing reasons: (1) to minimize potential contamination from the
program district; (2) topographical differences from the program dis-
trict and proximity to the capital city of Malawi (Lilongwe); and (3)
home to a large refugee population.

Sample size calculations for the cross-sectional surveys were based
on a conservative value of 50% given that the most recently published
prevalence of stunting in Malawi at the time was 47% (National
Statistical Office, ICF Macro, 2018), and a desired detection of an ab-
solute difference in prevalence of 5%-7% stunting between the pro-
gram and comparison districts at endline. The level of significance
(alpha, Type I error) was set at 0.05, the power (1- type II error) to
detect the difference in the stunting prevalence was assumed at 80%,
and 10% loss to follow-up was accounted for. The required sample size

was estimated at 1200 children aged 6-23 months per group, or 2400
per survey, and 7200 across the three surveys. PLW were estimated to
account for 8-9% of the total population in the district. Thus, the
number of villages selected to yield the required number of children
were predicted to yield =3600 PLW per survey, of which only 1/3
(n = 1200) would be systematically sampled. The sample size for bio-
specimen collection (e.g. hemoglobin) was set at 150 children and 150
PLW per district and for the baseline and endline surveys only, yielding
n = 600 of each. Subsamples for bio-specimen collection were selected
using a systematic sampling procedure of every eighth child and every
fourth PLW selected.

All households in sampled villages were visited and asked to de-
scribe their household composition; those with children 6-23 months of
age and/or PLW (< 6 months post-partum) were confirmed as eligible
by verification of the child’s date of birth as written in their health
passport. All households with children 6-23 months of age and one in
every two to three PLW were then revisited and administered three
questionnaires: (1) a household composition module with name, age,
and sex of all household members; (2) a household socioeconomic
module with basic demographic, economic, and asset ownership in-
formation; and (3) a child or PLW module with anthropometrics, diet,
morbidity, exposure to health and nutrition services, and consumption
and use of SQ-LNS (child only), including whether any of the supple-
ment was sold, shared, stolen, or lost. Though not all surveys reached
their targeted sample size (n = 1200 children 6-23 months per district
and n = 600 PLW per district), all surveys enrolled 93% or more of the
target sample size. Flow diagrams for each of the cross-sectional stu-
dies, with the number of villages and children sampled for each district
will be published in subsequent evaluation papers.

Anthropometric measurements were performed by trained, stan-
dardized anthropometrists using standard equipment and procedures.
Standardization of all anthropometric measurements was established
by having each measurer take repeated (2) measurements of ten chil-
dren to calculate inter- and intra-rater reliability. The five highest-
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performing measurers were responsible for survey measurements.
Middle-upper arm circumference (MUAC), head circumference, child
length, and PLW height were obtained and recorded in replicates of
three. Weight was measured one time using a Seca 374 digital infant
scale for children and Seca 876 flat scale for PLW. Length was measured
3 times using Seca 417 length and Seca 213 height boards for children
and PLW, respectively. Hemoglobin was assessed using HemoCue
model 301 machines (HemoCue AB, Angelholm, Sweden), by trained
phlebotomists certified in HIV-voluntary counseling and training (VCT).
Immediate results of the hemoglobin test were recorded on the parti-
cipant’s questionnaire form, and participants identified as being anemic
(Hb < 11.0g/dl among children and lactating women, and
Hb < 10.0 g/dl among pregnant women) were referred to the nearest
health center.

4.2. Longitudinal cohorts of children 6-23 months

All children who were 6-7.5 months of age during the baseline or
midline surveys were enrolled into a longitudinal cohort (Fig. 3). The
inclusion of longitudinal cohorts in the study design was to enable the
tracking of individual children for the entire period of program elig-
ibility in the program district, and to examine how and whether their
linear growth trajectories differed from those of children in the com-
parison district over time. Children in the longitudinal cohorts were
followed in six-month intervals from 6 to 24 months of age (at 6, 12, 18,
and 24 months), for anthropometric, diet, morbidity, and program use
and participation assessments (Fig. 3). Tracking and identification of
children enrolled in the longitudinal cohorts was done through a
combination of methods, including household global positioning system
(GPS) coordinates and cross-verification of household contact in-
formation, hand-written maps, and study ID number as marked on the
household’s exterior and inside of the child’s health booklet.

Based on the cross-sectional sample size of 1200 children per dis-
trict, and an estimated 5.5% of those children being six months of age at
the time of the survey, the sample size for the longitudinal cohorts were
expected to be 66 children per district, per cohort (n = 132 children
enrolled at baseline, and n = 132 enrolled at midline), yielding a total
of 264, six-month-old children with longitudinal growth data. Since the
longitudinal study’s sample size was based on the cross-sectional
sample size, it was not highly powered to detect changes in linear
growth.

4.3. Process evaluation

The process evaluation combined data from multiple sources to
construct an assessment of the program’s operations, implementation,
and uptake. Three major categories of process data were included
(Table 3), and were based on Linnan and Steckler’s definitions (Linnan
& Steckler, 2002), as follows: (1) timely program recruitment, which
compared actual time of program uptake by eligible beneficiaries to the
optimal; (2) program fidelity, which encompassed aspects of quality of
delivery, dose delivered, and dose received; and (3) program reach, or
coverage. The SCOPE and PDM monitoring systems provided program

Table 3
Definitions used for process evaluation indicators.
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recruitment, fidelity, and reach/coverage data. These data were com-
plemented by structured direct observations of SQ-LNS distributions
(n = 14) and one-on-one counseling sessions by program implementers
(n = 14), which assessed program quality, such as functioning of the
participant tracking monitoring systems, and communication of IYCF
messages by program staff. Additionally, structured questionnaires
were administered to front line program staff (n = 14 Promoters and
n =70 Care Group Volunteers) to measure their knowledge of key
IYCF, WASH, and SQ-LNS messaging.

4.4. Costing and cost effectiveness

The costing analysis had two primary objectives. Firstly, to measure
the costs associated with the implementation of the nutrition program
in the program district. As the Government of Malawi continues to work
towards scaling up nutrition activities in other districts across the
country, knowing the costs associated with the implementation of such
a program was deemed as critical, not only for budgeting purposes, but
for leveraging of additional resources and support. The second objective
of the costing work was to measure the cost-effectiveness/consequences
of the intervention vis-a-vis the primary program outcomes and impact.
These included, for example, cost effectiveness of improving diet, re-
ducing stunting, and promoting linear growth.

4.5. Training and quality control for impact evaluation activities

All research assistants were locally hired, spoke the local language,
Chichewa, and participated in a five-day training preceding each cross-
sectional survey, with one additional day for an anthropometry stan-
dardization exercise. Longitudinal cohort follow-ups were conducted by
a sub-group of seasoned research assistants who had participated in the
cross-sectional surveys, and who performed anthropometric measure-
ments within an acceptable margin of error ( = 5mm for length and
height, and *+ 0.1 kg for weight). Training for the JHU-led qualitative
study was also five days duration, and for the process evaluation study,
two days in duration.

Quality control was maintained in all impact evaluation-related
research activities by a program coordinator and locally hired senior-
level study supervisor, both of whom accompanied study teams in the
field, and who performed systematic quality control checks on a sub-
sample (> 75%) of completed questionnaires, interviews, and/or
transcripts. Weekly or daily debriefings with research assistants and
throughout data collection were conducted to discuss unique situations
that arose in the field, and concerns or queries regarding the wording of
questions, and coding or completion of questionnaire modules. Quality
of interviewing and transcription skills for qualitative activities was
ensured by review of recorded interviews and corresponding translation
and transcription by a supervising staff member fluent in the local
language. Digital scales were checked daily for accuracy using standard
weights (5 and 9kg); recalibration was performed for scales that pro-
vided readings that were + /- 0.3 kg. Quality control checks were done
weekly for stadiometers using a 150 cm standard measuring tape; sta-
diometers that were off by +/- 0.2 were replaced. Observations of

Process evaluation component Definition

Recruitment
Fidelity
Quality
Dose delivered
Dose received
materials or recommended resources.

Procedures used to approach and attract participants. Recruitment often occurs at the individual and organizational/community levels.

The extent to which the intervention was delivered as planned. It includes three critical elements of quality, dose delivered, and dose received.
The quality and integrity of the intervention as conceived by the developers.

The number of intended units of each intervention or each component that are delivered

The extent to which the target audience (of the dose delivered indicator) actively engages with, interacts with, is receptive to, and/or uses

Reach The proportion of intended target audience that participates in an intervention, often measured by attendance. Reach is a characteristic of the

target audience.
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anthropometric and hemoglobin testing procedures were done peri-
odically by supervisors using a quality control checklist to ensure
quality among staff conducting height, weight, and hemoglobin mea-
surements.

4.6. Ethical procedures and approval of the impact evaluation study

Informed consent was administered in the local language,
Chichewa, and obtained from all study participants included in the
various study components described above. Consent was obtained by
fingerprint on the consent form among illiterate respondents.

Research assistants trained in ethical matters collected all data.
They maintained the confidentiality of participants by keeping com-
pleted questionnaires stored away during field work, and submitting
completed questionnaires to the team supervisors at the end of each
day. All data at the analysis and reporting stage were de-identified by
removing all household member first and last names, district name,
health center name, and village name. Unique ID numbers that con-
catenated district, village, household, and individual pre-assigned codes
were generated for each individual included in the dataset. The link
between the unique ID and individuals and was not known by data
analysts or researchers. The link was stored electronically and only
senior investigators had access. All standard data privacy and protec-
tion mechanisms were used to ensure fidelity of the confidentiality of
participants.

The impact evaluation study was approved by institutional review
boards at JHSPH (IRB #00005237) and the College of Medicine
Research and Ethics Committee (COMREC) (IRB #P.09/13/1469) in
Malawi. The impact evaluation is also registered at ClinicalTrials.gov
with #NCT 02985359.

5. Conclusion

This paper described the monitoring and evaluation that was ap-
plied to assess the implementation and impact of the stunting preven-
tion program in Ntchisi District, Malawi. The use of mixed methods and
M&E systems allowed the GoM, program implementers and evaluators
to comprehensively understand the context in which community
members and caretakers make decisions, the program’s quality of im-
plementation, and why and how impact could be achieved or not with
the chosen intervention components in this setting. The documentation
of program implementation and impact is seen as being especially im-
portant to isolate the impact of each program component in this context
given the limited impact of SQ-LNS (or similar products) and nutrition
education on child growth in Malawi to date (Kuchenbecker, Reinbott,
Mtimuni, Krawinkel, & Jordan, 2017; Phuka, Maleta, & Thakwalakwa,
2008; Phuka, Maleta, & Thakwalakwa, 2009). For instance, group-level,
village-based nutrition education to caregivers on key IYCF and WASH
practices demonstrated impact on intermediate outcomes of child
dietary diversity but not stunting in a recent study conducted in
Northern Malawi (Kuchenbecker et al., 2017). The results of the impact
evaluation, in combination with complementary program monitoring,
contribute to an improved understanding of whether and how the
package of interventions selected for this program was or was not ef-
fective in this context, which aspects of growth were affected based on
the various measures collected, and which considerations should be
taken into account in future program scale up and expansion. Further,
the inclusion of various and complementary study activities strengthens
the internal and external validity of both the evaluation’s findings and
the program’s implementation.

A limitation to this program’s impact evaluation is the lack of a
randomized design. However, such a design was not only deemed in-
appropriate for documenting program effects in practice, it was also not
possible given the GoM’s targeted selection of a program district. The
use of multiple and concurrent monitoring and evaluation activities,
however, contributed to the evaluation’s rigor. The impact evaluation
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design also presented valuable design and analytic alternatives to ran-
domized designs that are often unacceptable and infeasible in the
evaluation of large government-implemented programs as this one. As a
nutrition community and in our efforts to scale up nutrition efforts
globally, the use of innovative monitoring and evaluation systems and
designs that rigorously document the effectiveness of a package of in-
terventions generates important lessons for researchers and program
planners alike.

5.1. Lessons learned

A number of lessons emerged as both program planners and eva-
luators reflected on the design and implementation of this compre-
hensive M&E system:

1 The absence of inclusion of an older cohort of children (24-41
months) in the impact evaluation limited our ability to measure
program impact on children who had received full exposure (18
months, from 6 to 24 months of age) to the RFRT. As described by
Menon et al. (2013), if the main period of growth faltering occurs
before 24 months, as in Malawi, the greatest impact of the program
on child height would have been observed once they have com-
pleted their full exposure to the intervention, i.e. > 24 months
(Menon, Rawat, & Ruel, 2013). Thus, in a future study evaluating a
similar intervention, the addition of an older cohort on which to
measure anthropometric and biochemical outcomes would be im-
portant. Alternatively, the use of a longitudinal, as opposed to a
cross-sectional design, though difficult in this setting, would more
effectively demonstrate differences in child growth between inter-
vention and comparison groups.

2 The ongoing training, motivation, supervision, and encouragement
of care group volunteers is critical to program success and a key
element for high retention of beneficiaries throughout the life of the
program. Given the volunteer nature of the position, these in-
dividuals often have many competing priorities, so emphasizing
their key role in the overall system and providing continuous sup-
port to enable them to do their job is essential to successful im-
plementation and program impact.

3 The experiences from trainers and field supervisors was that sea-
soned research assistants were more capable and efficient in col-
lecting data in the field. This observation led us to the conclusion
that minimizing turnover of research assistants and/or ensuring the
presence of the same research assistants, when possible, facilitated
the acquisition of skills among new staff and reduced the length
required for mastery, standardization, implementation of data col-
lection protocols and procedures.

4 Investing in understanding the country and program context, in-
cluding the behavioral patterns of the population is necessary for
implementing the most efficient M&E systems and reaching the
target population. In Malawi, seasonality is an important driver of
population mobility, and understanding this a priori could have
facilitated the identification of certain population groups (PLW, for
example).

5 The experiences of the implementation of the M&E systems in this
program reiterate the known importance of having complementary
monitoring and evaluation systems (Levinson et al., 1999). Con-
sistency, collaboration, and alignment among partners im-
plementing various components of comprehensive M&E systems
allowed triangulation of data, increased knowledge sharing, sup-
ported prompt course correction for program improvements, and
framed evaluation results in the appropriate programming context.

6 The careful timing of monitoring and evaluation activities is im-
portant and provided a constant flow of information and feedback
into the program. The use of these timely results, especially from
monitoring systems, allowed for multiple course corrections and
adaptive programming that was critical to improving access and
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acceptance of the program’s various components.

7 The use of developments in technology, such as tablets, computer,
and mobile phone-assisted monitoring systems greatly facilitated
the functionality of monitoring activities and provided near real-
time data visualization that contributed to program adaptations.
Combining these data sources with WVM output indicators onto one
platform allowed program implementers to remain informed of all
progressions of the program, and greatly contributed to rapid and
streamlined data collection and analyses. These technology-based
solutions also automated data management and calculation of in-
dicators, reducing the risk of human error.
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