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1 | INTRODUCTION

Optimal early childhood development (ECD) follows a gradual pro-
cess that is contingent on children and their families having access
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Abstract

The Nurturing Care Framework (NCF) calls for establishing a global monitoring and
accountability systems for early childhood development (ECD). Major gaps to build
low-cost and large-scale ECD monitoring systems at the local level remain. In this
manuscript, we describe the process of selecting nurturing care indicators at the
municipal level from existing routine information systems to develop the Brazilian
Early Childhood Friendly Index (IMAPI). Three methodological steps developed
through a participatory decision-making process were followed. First, a literature
review identified potential indicators to translate the NCF domains. Four technical
panels composed of stakeholders from federal, state and municipal levels were
consulted to identify data sources, their availability at the municipal level and the
strengths and weakness of each potential indicator. Second, national and interna-
tional ECD experts participated in two surveys to score, following a SMART
approach, the expected performance of each nurturing care indicator. This informa-
tion was used to develop analytical weights for each indicator. Third, informed by
strengths and weaknesses pointed out in the previous steps, the IMAPI team reached
consensus on 31 nurturing care indicators across the five NCF domains (Good health
[n = 14], Adequate nutrition [4], Responsive caregiving [1], Opportunities for early
learning [7] and Security and safety [4]). IMAPI represents the first attempt to select
nurturing care indicators at the municipal level using data from existing routine infor-

mation systems.
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to nurturing care environments needed by children to reach their
full motor, language, socio-emotional and cognitive development
(Black et al., 2017; Shonkoff et al., 2012). Nurturing care is defined

as an environment that is responsive, emotionally supportive,
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sensitive to children's health and nutritional needs and develop-
mentally appropriate and stimulating, with opportunities for play
and exploration, protecting children from adversities (Britto
et al, 2017). The WHO/UNICEF/World Bank Nurturing Care
Framework (NCF) translated this evidence into five essential
domains (i.e. Good health, Adequate nutrition, , Responsive caregiv-
ing, Opportunities for early learning, and Security and safety) and
calls for establishing global monitoring based on the principles of
equity, integrity and social justice to achieve the 2030 Sustainable
Development Goals (Black et al., 2017; Morris et al.,, 2017; Richter
et al., 2016).

Efforts to build large-scale ECD monitoring systems based on the
NCF have happened to a limited extent at the national level (World
Health Organization, World Bank Group, & United Nations Children's
Fund, 2019), and very few countries have done it at the state levels.
At the national level, the most visible effort at mapping national data
comes from an effort launched in 2019 by the United Nations
Children's Fund (UNICEF) in partnership with Countdown to 2030 for
Women's, Children's and Adolescents' Health. It involves mapping
‘common indicators’ into country profiles following the NCF.
Currently, 138 low- and middle-income countries have NCF country
profiles. Although undoubtedly this initiative is key for global ECD
advocacy, a major gap remains on how to monitor nurturing care indi-
cators at the state and municipal levels, or even smaller geopolitical
units in the countries (Kohler & Eriksson, 2018). Considering the chal-
lenge for countries to collect primary data to monitor the complex
and multisectoral NCF, the use of public domain routine information
systems from different sectors including education, health, nutrition,
social security, law enforcement and child protection presents a great
opportunity to build a useful and sustainable large-scale ECD monitor-
ing system. However, this is challenging because monitoring NCF
requires integrating large amounts of reliable data at the municipal
level (Cavallera et al., 2019; World Health Organization, United
Nations Children's Fund, World Bank Group, Early Childhood
Development Action Network, & Partnership for Maternal Newborn
and Child Health, 2019).

In this context, Brazil, which is the largest and the most popu-
lous country in Latin America (with 211 million inhabitants), provides
an important opportunity for testing a municipal-level ECD index
because the operationalization of ECD programmes occurs across
5570 municipalities in the context of great socio-economic and envi-
ronmental disparities (Aristides dos Santos et al., 2019). Hence,
translating and operationalizing the NCF into integrated ECD strate-
gies through effective actions according to the needs and specific
determinants of each community is a major challenge. Furthermore,
over the past 33 years, three legal frameworks aimed at guarantee-
ing the rights of children have been created—the Federal Constitu-
tion of 1988, the 1990 Child and Adolescent Statute and the 2016
Legal Framework for Early Childhood. As a result, in recent years,
the ECD agenda in the country has expanded greatly, and invest-
ments made in programmes focused on ECD, such as Crianca Feliz
(‘Happy Child’), a home visiting programme that has already
reached about 3000 Brazilian municipalities (Buccini et al., 2021;
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Key messages

e The Nurturing Care Framework (NCF) calls for esta-
blishing monitoring systems for early childhood develop-
ment (ECD) to 2030 Sustainable

Development Goals.

achieve the

o A three-step participatory methodological process was
designed and piloted to select municipal-level nurturing
care indicators using a routine information system.

e Brazil is an important country to identify municipal-level
nurturing care indicators because the implementation of
ECD programmes happens across its 5570 municipalities
in the context of great inequities.

o The Brazilian Early Childhood Friendly Municipal Index
(IMAPI) represents the first attempt to select nurturing
care indicators at the municipal level using existing rou-

tine information systems.

Girade, 2018). Furthermore, Brazil has a large volume of high-quality
public information databases on health, education and social devel-
opment (including cash transfer programmes); however, data integra-
tion for nurturing care monitoring purposes does not exist at any
level of government. Thus, we aimed to describe the process of
identifying and selecting nurturing care indicators at the municipal
level from existing Brazilian databases to develop the Brazilian Early
Childhood Friendly Municipal Index (IMAPI, ‘indice Municipio Amigo
da Primeira Infancia’).

2 | METHODS

IMAPI was developed following a systematic methodology (Figure 1).
In this manuscript, we describe the participatory decision-making pro-
cess used in the first three methodological steps to identify and select
nurturing care indicators at the municipal level. The name of indicators

is reported as ‘indicator name’ throughout.

2.1 | Participatory decision-making process

A multisectoral and participatory decision-making process was
designed to facilitate group communication and to reach consensus
on the nurturing care indicators in Brazil. Consultative participatory
methods have been used to enhance transparency, accountability,
equity and efficiency in the decision-making process, which are ade-
quate to identify and select nurturing care indicators (Devente
et al, 2016; Elwyn et al., 2017; Okoli & Pawlowski, 2004). In this
study, the participatory decision-making process included consulta-
tions with participants within each of the three methodological steps
(Figure 2).
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PARTICIPATORY DECISION-MAKING PROCESS

Conceptual model: use of the Nurturing
Care Framework to identify potential
municipal level indicators

Analytical model: use of SMART
@ approach to define the analytical weight
for municipal level indicators

IMAPI indicators: final consensus on
municipal level nurturing care indicators

DATA ENGINEERING

@ Extraction of indicators

@ Quality and consistency analysis

@ Data pre-processing and standardization

GENERATING IMAPI

@ IMAPI domains

General IMAPI

*Dark grey boxes represent the three methodological steps described in this manuscript.

FIGURE 1 Systematic methodology to develop the Brazilian Early
Childhood Friendly Municipality Index (IMAPI)

2.1.1 | Participants selection and characteristics

Technical stakeholders, experts and the IMAPI team engaged in the
different steps of the participatory decision-making process
(Figure 2). Detail on participants' institutions is described in Table S1.
In Step 1, technical panels were convened to identify nurturing care
indicators as well as routine information systems available at the
municipal level. A formal invitation describing the technical panel's
goals and characteristics of individuals who could serve as a partici-
pant was sent to government institutions (n = 15) as well as non-
government institutions (n = 4). Each institution could determine and
recommend one or more participants based on the technical panels'
goals. Although the number of participants varied across technical
panels, all invited institutions sent at least one participant. Technical
panel participants were individuals that managed or had in-depth
knowledge of national databases with information about health, edu-
cation and social development in Brazil. In Step 2, expert surveys
were designed to validate the selection of municipal-level nurturing
care indicators and score each of the SMART attributes to inform an
evidence-based analytical weight per indicator. Invited experts were
identified within the Brazilian and international institutions and
networks highly engaged with ECD programming in Brazil. Expert
surveys' participants included individuals with experience in ECD and
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public policy, who had in-depth knowledge of the socio-economic,
geographical and political context of Brazil. Fourteen experts were
invited by email, and 12 accepted the invitation to participate. Of
those, 11 experts participated in the first survey, and seven in the
second survey. In Steps 1-3, the IMAPI team engaged throughout
the participatory decision-making process. Each of the four rounds
started with an input statement, which consisted of a list of nurturing
indicators named ‘ECD Indicators Versions 1-4’ produced by the
IMAPI team. At the end of each round, this list of nurturing care indi-
cators was revised by the IMAPI team to summarize modifications
and consensus within that round, which generated an output state-
ment, which, in turn, became the input statement for the next round.
The IMAPI team was composed of the principal investigators,
research assistants and senior advisors who collectively had expertise
in epidemiology, maternal-child nutrition, implementation science

and data science and machine learning.

Step 1. Conceptual model

This step aimed to use the NCF conceptual framework to identify
potential nurturing care indicators at the municipal level. Initially,
the first author generated an input statement with an initial list of
indicators (ECD Indicators Version 1) based on a careful review of
documents and technical materials measuring actions and policies
for early childhood, such as Countdown 2030, World Bank, World
Health Organization, NCF website and Sao Paulo Early Childhood
Index (IPPI) (Naudeau et al., 2011; SEADE, 2017; UNICEF and &
Countdown to 2030, 2019; World Health Organization, United
Nations Children's Fund, & World Bank Group, 2018). At this stage,
the goal was to collect the largest number of potential indicators;
thus, we included indicators that contributed to any of one of the
five domains of the NCF, operationalized as follows: Good health
(indicators related to healthcare from prenatal to the first years of
life), Adequate nutrition (indicators related to the promotion of
healthy eating, access to food and child nutrition), Responsive care-
giving (indicators related to family skills and child care in the home
environment), Opportunities for early learning (indicators related to
the access and quality of formal education) and Security and safety
(indicators related to protections or vulnerabilities to which the
child may be exposed in the family or community environment).
Indicators considered important for placing the NCF into the diverse
municipal contexts were allocated to the category of ‘additional
indicators’ (e.g. population size and the region of the country),
which also underwent revisions, additions or removal following the
same methods followed for the selection of the nurturing care indi-
cators. Second, in Round 1, the IMAPI team discussed the ‘ECD
Indicators Version 1’ based on the following questions: (i) Does the
indicator evaluate the enabling environment for ECD in one of the
five domains of NCF? (ii) Does the indicator complement informa-
tion about the enabling environment for ECD? (iii) Which of the five
NCF domains does the indicator belong to? (iv) Does the indicator
need to be modified or removed as it does not suit the Brazilian
municipal context? These questions guided the IMAPI team to reach

a consensus on modifications to each indicator. At the end of this
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in each round

ECD Indicators Versions
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FIGURE 2 Participatory decision-making
process used in the three methodological steps to

identify and reach consensus on nurturing care
indicators at the municipal level in Brazil

ECD Indicators Version |
ECD i Version 1 Nurturing care indicators n= 35
18 Good Health
05 Adequate Nutrition
06 Responsive caregiving
— 04 Early Learning
i} (1) = 20 indicators 02 Security and Safery
S (D) = 13 indicators Additional indicators n=32
£ (M) = 06 indicators
E] Round 1. IMAPI team (E) = 16 indicators l
g (A) = 15 indicators
& (R) = 12 indicators
g ECD Indicators Version 2
S Nurturing care indicators n= 48
1% 21 Good Health
— ~ . . 06 Adequate Nutrition
o ECD s Version 2 07 Responsive caregiving
& 05 Early Learning
@ 09 Security and Safety
l Additional indicators n=20
(1) = 13 indicators
indicators
Round 2. Technical Panels 5indicators  .iiusssssseessessssnnens
indicators
indicators
] indcators
- ECD Indicators Version 3
= Nurturing care indicators n=35
20 ECD Indi Version 3 16 Good Health
]
2 03 Adequate Nutrition
= 06 Responsive caregiving
3 04 Early Learning
=] ioat 06 Security and Safety
z o 4 Incicarors Additional indicators n=19
é Round 3. Experts surveys (M)) = 08 indicators
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S (A) = 02 indicators
2 ( i
2]
ECD Indicators Version 4
Nurturing care indicators n= 35
14 Good Health
ECD Indicators Version 4 04 Adequate Nutrition
2 05 Responsive caregiving
g 07 Early Learning
b 05 Security and Safety
._g () =31 indicators Additional indicators n=20
£ (D) = 00 indicators
= (M) = 04 indicators
: Round 4. IMAPI team (E) = 12 indicators
s (A) = 01 indicators
= (R) = 08 indicators
s
I ECD Indicators Version 5
e o o
2 Nurturing care indicators n=31
@ " . 14 Good Health
ECD Indicators Version 5
n 04 Adequate Nutrition
Final Report 01 Responsive caregiving
07 Early Learning
05 Security and Safety
Additional indicators n~13

Legend: (1) indicator remained unchanged; (D) indicator moved to another domain of the Nurturing Care; (M) indicator modified; (E) indicator excluded; (A) new
indicator added; (R) indicator renamed. Solid arrows indicate process; dotted arrows indicate correspondence; dotted line indicates summary of information.

round, the IMAPI team summarized the consensual modifications
that generated a revised list of nurturing care indicators, the ‘ECD
Indicators Version 2’ (Figure 2). Third, Round 2 was composed of
four technical panels to discuss the availability of the indicator at
the municipal level, identification of data sources and calculation
method (i.e. definition of the numerator and denominator to gener-
ate each indicator), as well as list possible weaknesses of each indi-
cator and suggestions of potential new indicators. Consensus was
reached when participants in the technical panels did not have
more concerns or suggestions about an indicator or NCF domain.
At the end of this round, the IMAPI team summarized the consen-
sual modifications that generated the ‘ECD Indicators Version 3’
(Figure 2).

Step 2. Analytical weight

This step aimed to estimate an analytical weight for each municipal-
level nurturing care indicator following a SMART process. Because
the NCF assumes that all domains have the same level of impor-
tance, the purpose of the analytical weighting exercise was to
improve reliability when generating IMAPI indexes by giving higher
performance analytical weight to indicators with better data quality
attributes (Kohler, 2016; OECD, 2008). Additional indicators were
not included in the calculation of IMAPI indexes; thus, they did not
receive scores for analytical weight. Round 3 was composed of two
surveys for experts following a SMART approach (Centers for
Disease Control, 2011). Surveys were set up into an Excel

spreadsheet using the indicators listed in the ‘ECD indicators
Version 3’ and were sent by email to experts. A detailed methodo-
logical note on how questions were asked and analysed can be
found in Table S3. Briefly, in the first survey, criterion ‘S’ (Specific)
assessed the specificity of each indicator allocation across the NCF
domains and was confirmed by the percentage of agreement among
experts. This information was used to assure appropriate weighting
procedures by confirming the appropriate allocation of each indica-
tor in the NCF domain. Experts' consensual modifications or sugges-
tions regarding the indicators were summarized by the IMAPI team
in the ‘ECD Indicators Version 4’ (Figure 2). Criterion ‘M’
(Measurable) was assessed jointly by experts and the IMAPI team.
Experts ranked 1 (lowest) to 5 (highest) the importance of four qual-
ity attributes for each indicator: periodicity of data (M1 Periodicity),
data source (M1 Source), access to data (M1 Access) population pro-
file (M1 Population profile). Then, the four quality attributes were
assessed for each indicator by the IMAPI team by scoring 1 (lowest)
to 5 (highest) (i.e. generating weights [W] for Periodicity, Source,
Access and Population profile for each indicator). Criterion M for
each indicator consisted of the average of M1 and W1 of each qual-
ity attribute. The second survey consisted of scoring A, R and T
criteria from score O (lowest) to 5 (highest) in relation to governance
needed for modifying the nurturing care indicators for achieving
greater impact on ECD outcomes at the municipal level (criterion
‘A’, Achievable), the extent to which changes in the indicators have

the potential to directly impact ECD (criterion ‘R’, Relevant) and the
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time that improvements in an indicator would take to positively
impact ECD (criterion ‘T, Time-bound).

Survey analysis informed the development of the formula to esti-
mate the analytical weight per nurturing care indicator (OECD, 2008),
as follows: Indicator,eign: = [criterion M + criterion A + criterion
R + criterion T]/4. Indicator analytical weight can range from 1 (low) to
5 (high) performance. The average of M, A, R and T criteria for each
domain was used to identify indicators with best quality performances
(i.e. greater than the mean of the domain) and worst performances
(i.e. less than the mean of the domain) by NCF domains. Any indicator
added after the determination of SMART analytical weights received
the average analytical weight of the domain the new indicator was
allocated, as indicated in Table 1.

Step 3. IMAPI indicators

This step aimed to reach a final consensus on IMAPI's municipal-
level nurturing care indicators. In Round 4, the IMAPI team discussed
the indicators listed in ‘ECD Indicators Version 4’ and summarized
strengths and weaknesses for each indicator pointed out in the pre-
vious steps by the technical panels and expert surveys (Figure 2).
Considering the need for at least two indicators to compute NCF
domain indexes, the IMAPI team balanced the number of indicators
across NCF domains, that is, if there were less than two indicators,
then new potential indicators not analysed in the previous steps
were considered. The IMAPI team reviewed notes on all indicators
discussed in the previous steps to identify new potential indicators
and reached a consensus on the best options with the senior advi-
sors (RPE and SIV). The new potential indicators were included if
they fulfilled the criteria of translating one of the NCF domain and
were available at the municipal level. Based on these analyses, each
indicator within each NCF domain was either included, relabelled to
clarify the construct it was intended to represent or excluded due
to the non-availability of the database after multiple attempts.
Importantly, data access and extraction started early in the decision-
making process, that is, since the first technical panel, allowing
various attempts to request the database over the project's
timeframe. During data extraction, data quality was scored by the
IMAPI team through the SMART surveys following the four quality
attributes for each indicator (periodicity of data, data source, type of
access to data and population profile). Although data quality did not
drive the decision-making process regarding inclusion/exclusion of
an indicator, it did drive how the IMAPI team defined the calculation
method, that is, ways to aggregate data to improve quality. At the
end of this round, the IMAPI team reached consensus on the final
list of nurturing care indicators and their calculation method and
generated the final report ‘ECD Indicators Version 5 providing the
following information for each indicator: (i) Name of indicator
(i) Technical definition, (iii) Theoretical justification of its influence
on ECD, (iv) Calculation method, (v) Interpretation, (vi) Source of
information (i.e. the database of reference) and (viii) Year of refer-
ence (i.e. the year in which the information was collected). The final
set of indicators were presented to and endorsed by the senior
advisors (RPE and SV).

3 |

Step 1.

Step 2.

Step 3.
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RESULTS

Round 1 started with 67 potential indicators identified
through document review and finalized with 48 indicators
allocated to NCF domains. Indicators were excluded if they
did not discriminate among Brazilian municipalities. For
example, in Brazil access to HIV treatment is free and univer-
sal; hence, this indicator is homogeneous across municipali-
ties. In Round 2, after four technical panels, a total of
35 indicators were preselected across the NCF domains—
Good health (n = 16), Adequate nutrition (n = 3), Responsive
caregiving (n = 6), Opportunities for early learning (n = 4) and
Security and safety (n = 6) (Figure 2).

In Round 3, experts reclassified three indicators into another
NCF domain (criterion S, Indicator Allocation). Greater impor-
tance was given to the attribute population profile
(i.e. population representativeness) (mean = 4.55), followed
by access to data (4.45), periodicity (4.20) and data source
(4.09). Most
(n = 24 out of 31), and if they were available for download via
23), they
received the highest scores for population profile, data access

indicators had national representativeness

the Internet (n = 22) at least once per year (n =

and periodicity, respectively. Only two indicators (‘household
food insecurity’ and ‘air pollution’) were cross-sectional
research projections (i.e. the use of statistical models to pre-
dict municipal-level indicators) and for this reason received
the lowest scores for data source (criterion M, Indicator Char-
acteristics). Changes in 18 indicators out of 31were consid-
ered achievable within the municipal-level governance
(criterion A, Achievable); 14 indicators were considered more
relevant for changes in ECD (criterion R, Outcome Impacts);
changes in 17 indicators were considered to lead to short-
term ECD outcome improvements (criterion T, Time for
impact). Final analytical weights for each indicator were gen-
erated (Table 1).

Table S2 shows in full detail the process followed to
include, relabel or exclude indicators. On Round 4, examin-
ing the balance of indicators across NCF domains, the
IMAPI team focused on identifying indicators for the
domains with fewer indicators such as Security and safety
and Responsive caregiving domains. Although we did not
identify any new indicator for responsive care, we identi-
fied ‘Homicides’ as a proxy of community violence/safety,
which was included in the Security and safety domain. At
the end of this round, the IMAPI team reached a final con-
sensus on 31 indicators that were allocated into the five
domains of the NCF (Good health [n = 14], Adequate nutri-
tion [4], Responsive caregiving [1], Opportunities for early
learning [7] and Security and safety [4]) (Box 1). Thirteen
additional indicators not allocated into NCF domains were
also selected to characterize municipalities' context
(e.g. total population and the proportion of children under

5 years old).
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TABLE 1 Results of the SMART methodology to generate the analytical weight for each Early Childhood Friendly Municipal Index (IMAPI)

nurturing care indicator in Brazil

Nurturing Care domain

Good health Prenatal care consultations
Early start of prenatal care

Congenital syphilis

C-section

Home visits in the first 10 days of child's life

Child hospitalization for pneumonia
or gastroenteritis

Prematurity

Low birth weight

Child mortality

Preventable deaths in children under 1 year old
Adolescent pregnancy

Maternal mortality

Coverage of child immunization

Coverage of primary healthcare

Adequate nutrition

Coverage of information on child nutritional status
Severe household food insecurity

Brazilian breastfeeding and feeding strategy ?

Responsive caregiving

Opportunities for early learning  Coverage of daycare and preschool
Number of students per daycare professional
Number of students per preschool professional
Percentage of qualified daycare teachers
Percentage of qualified preschool teachers
Daycare educational resources

Preschool educational resources

Security and safety

Notification of violence against women

Coverage of the national conditional cash
transfer programme®

Air pollution

Homicides®

Nurturing care indicators

Coverage of information on child food consumption

Visits by national home-visiting parenting
skills programme®

Notification of violence against children

Criteria average

M

4.66
4.66
4.16
4.66
3.66
391

4.66
4.66
4.66
4.66
4.66
4.66
391
4.16
3.66
3.66
3.16
4.16
391

4.16
441
441
441
441
4.41
441
416
416
391

341
391

A
443
429
4.00
3.29
443
3.71

3.71
371
3.71
3.86
3.57
3.57
4.43
4.57
4.14
4.00
3.00
4.29
3.86

3.86
4.00
3.86
343
3.29
414
4.14
4.00
4.14
3.71

3.00
3.71

R

3.86
3.86
3.86
343
4.43
3.00

443
443
414
4.00
443
443
4.00
414
3.14
343
486
3.71
4.00

414
3.86
4.00
4.00
4.00
4.00
414
457
443
4,00

2.86
3.97

T

3.86
3.86
3.86
214
4.43
3.29

414
414
3.00
3.29
3.29
243
3.57
3.00
2.14
243
443
271
3.00

3.00
3.00
271
3.00
3.00
243
243
414
3.57
414

1.57
3.36

SMART analytical weight
4.20
4.17
3.97
3.38
4.24
3.48

3.99
4.24
3.88
3.95
4.24
3.77
3.98
3.97
3.27
3.86
3.72
3.38
3.69

3.79
3.82
3.75
371
3.68
3.75
3.78
3.94
271
4.08

4.22
3.74

Notes: Bold values were equal or greater than the mean of the domain (best results), and those not in bold were less than the mean of domain (worst
results). Criterion M means (good health = 4.41; adequate nutrition = 3.66; responsive caregiving = 3.91; opportunities for early learning = 4.37; security
and safety = 3.91); Criterion A means (good health = 3.95; adequate nutrition = 3.86; responsive caregiving = 3.86; opportunities for early learning = 3.82;
security and safety = 3.71); Criterion R means (good health = 4.03; adequate nutrition = 3.79; responsive caregiving = 4.00; opportunities for early
learning = 4.02; security and safety = 3.97); Criterion T means (good health = 3.45; adequate nutrition = 2.93; responsive caregiving = 3.00; opportunities

for early learning = 2.80; security and safety = 3.36).
2 Estratégia Amamenta e Alimenta Brasil.

b Programa Bolsa Familia.

¢ Programa Crianca Feliz.

dindicator added after the determination of SMART analytical weights, thus it received the average analytical weight of the domain.



~WI ]_]—:YJ7;f19

BUCCINI ET AL.

(ssnunuo))

3 0Ss22Y Op elLOY I 31| S,PIIYD 40 shep OT

¥10¢/€10C 9p [euoldeN eweidoid 1S414 Y3 Ul S}ISIA SWOH
(YesH
40 AISIUIN/DSYNIS) juswdofansp p|iyd
SOAIA SOpIJSEN 21q0s Alaes [ewndogns oy
9102 oedewloju] 9p BWIISIS  1030EJ XSl B S| U0I1I3S-D)
(3D4gI) ednspelse o
eljei3099) ap odig|iselg
03N313su| :J0jeulwouap
pue ‘(yiesH jo Ansiuin
/NVNIS) 0B9BO4ION  JusWIdoaAp PlIyd Ales
ap soAel3y ap |euoideN Jewndogns 1oy J03oey
S102 BWS)SIS tJojessWnNN s e si sijiydAs [epussuo)
(YyesH JuswdojaAsp pliyd Apes
30 AlSIUIN/DSYNIS) [ewidogns wouy piyd
SOAIA SOpIJSEeN 4q0s a3 309104d ued aied
9102 oedewloju] ap ewd)sls  |ejeuaud Jo 1ueys Alies ay )
juswdojansp
pIyo Ajes jewndogns
(YyesH wouy p|iy> ay3 399304d
40 AISIUIN/DSYNIS) ued suofe}nsuod
SOAIA SOpIJSEN 21q0s aJed |eyeuaud
9102 oedewoju| ap ewdlsiS 10 Jaquinu a1enbape uy
ERITETETEY uoljew.o ul Jo 321n0s uonejaidiaiu]
JO Jea)

Ul S}ISIA SWOY 39NpUod
ey} sweay Jo Jaquinu)

9ouapIsal
Jo Ajljeddiunw pue
Jeah 4ad ‘00T , (SYMIq
SAl| [€30}/UOI1I3S

- BIA SULIG 9Al| [e30])
92uspIsal
Jo Ajljedpiunw
pue ueaA sad
‘000°0T « (PIo S1edA g
Japun uojejndod/pjo
SJe9A G Jspun ualp|iyd
ul sijiydAs [e3usaduod
JO S9sED paljljou

pue pawLuIuod Jo Jsquinp)

ERIIETSJEC]
Jo Ajjjedidiunw pue Jesah
12d ‘00T , (paJ01uowW
uswom
jueudaud [e303/5s9|
1O SY99M T Je aled
|ejeusaud pajiels oym
uswom jueusdaud |ej0])

9ouspIsal
J0 Ajjjedidiunw pue JesA
19d ‘00T . (SymIq oAl
|e101/suol1e3Nsuod aled
|ejeuaud suow Jo XIS

UM USWOM JO JSqWINN)

poyiaw uonejndjed

1511} 943 Uy weay
yaeay ayy Aq SHsiA dWoH

AjlepJowiglow pjiya
pue |eulajew pasealdul
pue Ajunjewaud yum
pa3eI1D0SSe 2Je Uuol3Ias
-0 9A11299 JO sa1ed Y3IH

sa13nNd1y1p Bulules| pue
ssaujeap |esi3ojoinau
‘squul| 9y3 Jo sisAjesed
-opnasd Suipnpul
‘quawdo|aAap s,pliyd ay3
ul s98ueyd 219A3S asned
ued

Juswdojansp

|e3a4 a3enbape pue
y3yeay Suijowoud ‘Ajies
suoiedljdwod a|qissod
3uneas; jo Ayjiqissod
3y} pue sio3dey

3S14 J0J Buiusa.ds
sojeyl|1oe) aled

|eyeuaud Jo Jiels Aliea ay

Aqeq pue Jayjow ay3
J0 yjjeay ay3 10930.d
pue ajowoud se ||om

se ‘quawdoaAsp s,p|Iyd
1994Je ued suoledl|dwod
Jo sisoudelp

Ajses pue uonuanaid
‘ased |ejeusud

Jadoud JusawdojaAsp
pue uoneulo) s,Aqeq
33 ul polad SAIISUSS

e s| polad |ejeuaud ay |

@>D3 uo aduanjul pue
uopesyisn( [eaaioay |

ydAs [e}IUSBUOD  puE PAWLIUOD JO JaqUINN

9411 SPIIY2 40 SAep OT
1541 943 Ul SUSIA SWOH

3y} U] swea} a4ed
Atewnd Jo a3ejuadiad

2ouapIsal Jo
Ajljeddiunw pue Jeah Aq
‘SyMIqQ JO Jaquinu |e30}
3y} 0} UOIIEJaJ Ul UOI}IaS
-D BIA SUMIq JO JaquinN uon2as-)
2ouapisal
J0 Ajljeddiunw pue JesaA
Aq ‘plo sJeaA g uspun
ua4p|Iyd JO Jaquinu [e10}
SY3 03 uofie|a.l ul pjo
SJeaA G Japun ualp|iyd
ul sijiydAs [e3rusduod
JO Sased payiou

9ouapIsal

40 Ajjjedidiunw pue JesA

Aq ‘pa40jluOW USWOM

jueusdaud Jo Jaquinu

|30} 3y} 03 uonje|as ul

Adueu3aud Jo oM ZT

1S414 9y} Ul 2Jed

|ejeuaud pajiels oym
uswom jueudaid ejo|

aJed
|ejeuaud Jo pe)s Ale3

ERIIEToJEE]
Jo Ajjedpiunw
pue JeaA Aq ‘(syuiq aAl|
JO Jaquinu) paioyuow
usawom jueusaud
JO Jaquinu [e303 ay3 0}
uole[a4 ul suoljeyNsuod
aJed |ejeuaud
9JOW 1O XIS Y}IM USWOM
jueusaud jo JaquinN

suolje}nsuod
2Jed |ejeuald

uoniuyap [e21UYID |

Jojesipul 3y} Jo aweN

yaeay pooo

ujewop aJed)
SuununN

(IdVINI) Xapu] [eddIunin Ajpuali4 pooyp|iyD Aeq ueljizesg ay3 Suisodwod si03edipul pajdajas aYy3 JO SUOIHULAP pJepue)s T Xxog



BUCCINI ET AL.

(yyeaH
30 ASIUIN/DSVNIS)
SOAIA SOpPIdSEN 34q0S

juswdojansp
PlIY> Apes
Jewndogns 10} J032e}

2oUapIsal Jo
Ajjedpiunw pue JeaA
13d ‘00T . (SymIq oAl
[e303/8 00SZ UeY? $S3|

Suiysiem syuiq aAl| [e30])

pue [elusW I0) 510944
aAedau Sunessuad
Quawdojansp pjiyd
a1enbapeul Joy 101oe)

SISH €SI JYSIOM UiIq MOT

pue JeaA AqQ ‘syuiq
JO Jaquinu [e30} 2y}
03 uonejas ul 8 00SC
ueyy ss9| uiysrom

SYMIQ dAl| Jo a8ejuadIad

YB19M yLIg MOT]

st | WiLEY-|

910¢ oedeuwlioju| 9p BWIRISIS  HiSH B S| JY3Iam Yyuigq Mo
sAejap |ejuswdojanap
pue uolnepielas
92UspIsal Jo UIMoJ3 suusinesul
Aljeddiunw pue JesA JO 92ueyd paseatdul ue ERlIEToJEC]
(Y11eaH juswdojanap 12d ‘00T » (SYMIq aA]| UM ‘ulogmau ayj pue Jo Ajljedpiunw pue
J0 AISIUIN/DSYNIS) pIyo Ajes [ewndogns 1e303/p|0 SJedA 4T -0T JU32s3|0pe 3Y3 JO Yyieay 1eah Aq ‘(s1eaA ¢T-0T)
SOAIA SOpIJSeN 21qos 10} 1030B) XSId pa3e siayjow SU3 Joj uonenyis Asu Sjuadss|ope
9102 oedewloju| ap ewdlsiS e si Adueudald Juadsajopy 0] SyMIqg 9Al| Jo Jaquinp]) e s Adueudaud Juadsajopy jueusaud Jo aousjenald Adueudaud juadssjopy
(uswiyeasy Apes pue
sisouselp ‘uouanaid)
aJed Azewud
9A13034J3 Aq paodnpau
10 papIOAE 3¢ p|nod jey)
SUOIIPUOD aJe 9saY |
Juawdo|aAsp pliyd
sasiwo.udwod pue sysu ERIIEToJEE]
J91€3438 3sned ued Ydiym J0 Ajjjedidiunw pue JesaA
(3991) ERIUETJ Y] ‘AJljIqeJaUINA JO 99.39p Aq ‘p|o s1edA g uspun
eslisielsy 9 eyyes3o0a9) 10 Ajljedpiunw Y31y e a1edipul pue uaJp|iyd Jo Jaquinu
ap oJia|iselg 0inIsu| Juswdo|aasp pue seaA uad ‘00T , (PO S9|gelIeA |ein}Nd-0120s |e303 9y} 03 uoleal
:Jojeulwousp pue plIyo Apes SJeaA G Jspun ualp|iyd pue |eJUSWUOIIAUS ul sijuIsuUS0.Ises
(Y11eaH Jo AnsIuIA/HIS) |ewndogns 1oy} 4032} |e101/s13u93u90435e3 ‘lea180j01q J0o ejuownaud
sa.e|elldsoH Sl B S| sijlialua041ses Jo ejuownaud 4oy 10 19S B Wo4j 3nsal Jo} pazijendsoy sisuUL0.)sed
sa05ewloju| Jo ejuownaud pazijendsoy plo sieah g saseasip Alojedidsau p|o Ss4edA G Jspun 1o ejuownaud
S102 9p Bwd)SIS t10jeJaWNN Joj uonezijeydsoy pliyd Japun uaJp|iyd [ej0])  SINJE pue S|}ISJUS04ISED) uaJp|iyd Jo a3ejuadiad J0J uonezijeydsoy pjiyd
ERIIVEN
yieay ay3 yym sa S
pue $59208 S,uI0qMaU S,p[1Y2 Jo sAep QT 1S4y
pue sJayiow ay3 199|424 3y Ul S)SIA swoy Ino
os|e swea} Yyjjeay Aq 3ulAuied pajiodal pue
9duapIsal SHSIA SWOH “(uonLINu (242 Adewud ui Ajijenb
Jo Ajjedpiunw pue 91enbape) suonedijdwod pue ssa22e 3uinoadw
JedA Jad ‘00T . (9PAd 3uipaajisealq 10} swwelidoud
ylesH puz OVINd pue wnyed |euoiieu) OVINA
Jo AjsIuln /(021D o2 JuswdojaAsp plIy2 ayy ul pajedidiyied jey; -3sod jeas} Appinb pue 3y} 40 9|2Ad puodas
DVINJ) edlseg oedualy Ajies jewnndogns wouy swea) |e301/3J1] S,plIYd juaAald 909319p 03 dj]dy QY3 ui pajedidiyied
ep apepilend ep plIYy2 ay3 193304d ued JO sAep QT 3541} 9y} sAep wnyed-jsod QT Jeyy Ayjedpiunw
ERITEIETEY uoljewoul Jo 331N0s uonejaidiayu| poy3zaw uopejndje) @dD3 uo asuanjjui pue uoniulsp [eauyds ] Jojedipul 3y} Jo aweN ulewop ajed
JO Je9A uonesyisnl [eannaioay | SuununN



~WI ]_]—:YJ9;f19

(senunuo))

(YnesH

30 AlSIUIN/DSYNIS)

SOAIA\ SOpI2SeN 3.qos
oedewloju| ap ews)sls
:Jojeuiwouaq “(YyeaH

30 AIISIUIA/INIS)

Speple o

9.1¢0s oedewioju|

910¢C

“(YyesH

0 AISIUIA/DSYNIS)
SOAIA SoplaseN

91¢0s oedewoju| ap
ewa)sIg :1ojeujwousp
pue (yjesH

40 ANSIUIN/INIS)
apepijepiolN

9.1g0s oedewoju|

910z 9p ewals|

9p ewa]sIS dojelswnN

:JojesswinN

juswdojaAsp

PIyd Aes

|lewndogns 10y s1030e)
S 2Je YdIYm ‘sad1AISS
Moddns ayj ui saunjiey
JO 1239|424 e 3Je p|o
JeaA T Jspun uaJp|iyd
ul syjesp ajgejuanaid

JO siaquinu JaysiH

JuswdolaAap pliyd Ajes
|ewndogns 1oy} s1030e)
SII 2Je YdIym ‘sioldey

|EJUSWIUOIIAUS O}
2.nsodxa aAI3e39U UM
pajeIdosse aJe sojel

Ajljeyow pjiyd JaysiH

9ouUapIsal
Jo Ajjedpiunw pue
1eaA 4ad ‘0007 .« (sYiiq
9AI| |e10}/4edA T
J3pun uaJp|iyd ul syjesp
9|qejuanaid Jo JaquinN)

90UspIsal
Jo Ajjedipiunw pue
Jeah 4ad ‘0007 « (SYHIq
9Al| |€30}/p|O
SJe3A G uspun uaJp|iyd
4O syjesp Jo Jaquinp))

9y3 3uIA|oAul swajqoud

0} anp juswdojaAsp

4O paAudap

u93q sey oym p|iyd

e s asned a|gejuanaid

e Wwoulj Salp oym pjiyd

e ‘sny| ‘wajgoid usAId

€ Ul SUaAIRIUI A|123.140D

pue Apes Ajauapi o3 ey

S92IAJ9S Joddns usaym
JN220 Syjesp 9|qejusAald

jJuswdojaAap
pIyo 9319|dwod
pue Ayjjesy sjowoud
03 sapijod 21jqnd
|edaAas ul ainjie) ayy
s9ssa4dxa 0s|e Jojedipul
siy] "Apanod o3 pajejad
$J0SS3.1S [EJUBUIUOIIAUD
19410 pue aJedyjjesy
Ajljlenb 03 ssadoe
10 yoe| ‘S| dwexa Joy
‘51010B) |EJUSWUOIIAUD
03 24nsodxa Y3im
pajeIdosse s| Ajljejiow
‘41| JO JedA 3541}
a3 Jayy "a|qeruanald
Ajjesouad ale
y21ym ‘{(wnyed-jsod pue
yuigp|iyd ‘Acueudaud
0] payul| $1010e)) sasned
|eyeursad Jo aJeys
UsIy e ypm ‘a41| Jo Jeahk
15414 Y] Ul PajeIIUSOUOD
1€ syjesap pooypiiyd 3o
SuoI3234ul pajeasjun
pue Adueu3aud
JUSIS3[OpPE ‘UoILIINU[eW
|eusajew ‘a4ed |ejeuasd
Jood Jo uojedipul ue
os|e S| 3| "Yymous3 se ||om
se Juawdo|aAsp Jojow

2Je sal10393ed
3uIMmo||04 93 AQ pasned
syjes ‘9ouapIsal

Jo Ajjeddiunw

pue ueaA Aq ‘syjiiq
3Al| JO Jagqwinu |ej0}
9y} 0} uone|as ul pjo
Je3A T Jspun ualp|iyd
Ul S9JIAISS dJ4edy)jesy
40 dduewuojiad

3y} Aq pajuanaid

aq pnod jey) syieaq

90UapIsal

Jo Ajjedpiunw

pue JedA sad ‘sypuiq
SAI| 000T A4aA3 Joy plo
SJe3A G uspun uaJp|iyd

4O sy3eap Jo JaquinN

9ouapIsal
Jo Ajljedpiunw

pio
JEaA T Japun uaJpjiyd

Ul syjeap a|qejuanald

Ayfeiows piiyd

BUCCINI ET AL.

uoRIuYaP [es1uyID | Jojesipul ay3 Jo aweN ujewop aie)

SuununN

uonelaidiayul @dD3 uo 3duanyuj pue

uopeaynsnf [eana103y |

ERNIEIETEY]
Jo aea )\

uoljeULIOU] JO 32INOS poyiaw uopendjed)



BUCCINI ET AL.

(YaesH
Jo Ansiuin
/INd-IS) sa03eziunwy| ap
|euoideN ewei3oud op
9102 S903eW.I04U| 3P BWISIS

(YaresH

40 AlISIUIN/DSYNIS)
SOAIA SOplaseN

91q0s oedewlioju| ap
BuwajsIg§ iojeuiwousp

JuswdojaAap pjIyd

Ajies jewnndogns wouy

pliyd ay3 Suioazoud

‘s9ssau||l 3|qejuanaid

sunwwli Jo S3dUspIdUL

MO| Y3IM pajeldosse
Sl uonezjunwuwi pjiyd

92UspIsal
J0 Ajjjedidiunw pue JesaA
Jad ‘00T , (uonendod
193161/
(sumoeA |eusdeq s|duy)
uoneziunwuwi de| sl
9y} JO S3sop Jo Jaquinp)

9ouapIsal
J0 Ajjjedidiunw pue JesaA
43d ‘000°00T « (suHiq

juswdojansp
S,uaJp|Iyd adusnjul
ued jeyj sassau||l
9|gejuanaidounwiwl
JO S92U3PIdUI MO|
JO 9dueUIUIEW 3Y)
saajuelens a8esan0d
uoljeuIddeA pooo

pooypiIyd Aliea

90UspIsal
Jo Ajjedpiunw
pue JeaA Aq ‘(suiddea
|euajoeq o|duy)
uoljeziunwuwi dej g Jo
9S0P 151} POAIDIDI OYM
ualp|iyd Jo adejuadiad

ERIIETSJEE]
Jo Ajjedpiunw
pue JeaA Jad ‘syuiq

pue (y1jesH 9AI| JO Jaquinu ul Aejop [ejuswdolaAsp 9AI| 000‘00T A49AS 4oy
4O ANISIULAI/INIS) Jwnuadiand pue pue Aypiqiow  wnuadiand Jo yuigp(iyd
apepljelonN JuswdojaAsp pliy2 Apes yuigp|iyd ‘Adueudaud ‘Ajljezdow pjiyo ‘Aoueudaid o3 pajejal

21qos oedeuLioju|

910¢ 9p BWIISIS :J0JBISWNN SU B S AJljeiow [Buldleln  PaIp OYM USWOM Jaquinp) ued yjeap |eusale|n OYM USWOM JO JaquinN Alljepow |eusaie|n|
2ouUapIsal
Jo Ayjedpiunw
9ouapIsal aJed |ejeuaud pue ueaA Aq ‘syuiq
Jo Ayjedpiunw pue Jo0d Jo Jo3jedipul ue se JO Jagquinu |e303 3y}
(Y11esH Je9A uad ‘00T , (SYMIq ||9M se siedA Alies ay3 0} uo[jeja.l uj uoile}sad

40 AnSIUIN/DSYNIS)
SOAIA SOPIDSeN 3.qos

Jewdogns Joy Jojoey

JuswdojaAap p|Iyd
Alies [ewndogns 4oy}

9102 0B3BWLIOJU| SP BWS)SIG J030B) MSU € S| Ajnjewald

0} pajejad sesned 0} anp

9Al| |e303/U011e)S93
0O Sy2am pajajdwod /&
910J9q UIOq UIP|IYd [e30] )

JO SHSlI dY) aseasoul

ul JuUswdoldASp pIyd
a1enbapeul Joj 101de)
3SU B SI Yypig aJnjewald

Ajjedpiunw Jenaed
€ JO S92IAJSS U)jeay

S95NEed WOy palp

JO s)oam pajs|dwod /¢
ueyj ss9| Je uloq
uaJp|iyo Jo aSejuadtad

aJedyyjesy

Atewnd o3 payui|
saljiAlpe uojowoud
Yieay Aq sjqionpau (3)
pue uawiean
9jeldoudde pue
sisougelp ‘suoinoe Aq
3|qiPnpal (p) yMIqpPIIYD
3ulnp uswom

J0J 3Jed ajenbape Aq
s|qnpau (2) ‘Aoueudaud
3unnp uswom Joy
3ulies Aq 9|qianpau (q)
‘suoleziunwiwi

Aq 3|qdnpau (e)
:.9|qejuanaud,
paJapisuod

uojeziunwuwi

Py Jo a3esoA0D)

Ajunjewaud

worr| WiLEY-|

Jojedipul 3y} Jo aweN urewop aJed)

SunununN

ERIEYETEY] uoljeuLiojul Jo 321n0s uonejaidiau| poyiaw uornejnoje) @D3 uo aduanjyul pue uonRIuYap [ea1UYdd |

JO Jea uonesynsn( [ea132109Y |



—WI LEY 11 0f 19

(senunuo))

YiesH

40 AnsiuIN/(ava)
ediseg oedualy ap
ojusweredsd/(NVOD)
oe3lINN @ oedejuawli|y

6T0Z-STOZ 9p [eJ95)-0BSeUSPI00D) 3ulipaajisealq uelizeig ‘play doysxiom )] Jo 9o170e4d BY | uel|izeig Jojedipul ay | 3uipasjisealq ueljizeig
Asuow Jo oe|
SY3 03 anp pooy Ang 0}
Alljiqeur a3 Aq pasned
Ajjedpiunw J93uny pue pooy Jo Xoe|
ay3 ul Ja8uny wouy 3urynsas sussyed
10J Axoud e se pasn Sunes uj uondnusip
191021592 sem A3undasul pooy ‘po0J Ul uoidNpal
‘0TE€C8T0CECT8 9I3A3s Jo uoldipaud ay | aAleluenb s uaJp|iyd
-€1¥T1/06S1°0T [10d "sAe|ap |ejuswidojonsp Aq paziispoeleyd si
‘€T0T ‘sanljeddiuniy Juswdo[eAsp pjiyd 9ousLIadXxa 03 Aj9Y|| AJIND3SUl POOJ 9I9ASS
uejjizesg uj AjIndasul Apes [ewndogns 4oy Ajlfedpiunw ay3 ul AJSA D48 JUSWIUOIIAUD ‘Ajl[edidiunw UsAIS e ul

POOJ 3USASS “Y B|[lweds]  103Dey YSl e S| AJndasul A3IN23sul pooy 919A3S awoy ay3 ul Ja8uny A3UN235ul PO0y 9I9A3S Ajunoasul
€102 -2319d ‘gIN Magqno P00} P|oYasnoy aI9ASS JO 9ousjeAaud pajewnysy 0} pasodxa ualp|iyD)  Jo ddusjeAasd pajew)s] po0J p|oYasnoy SI9AS

(3941) eonspes3 o
elyel80a0) op odijiselg
03N313SU[ I0JBUIWIOUSP
pue (YyesH Jo Ansiuln

/NVASIS) [euopunN

a3 399304d ued yariym
‘pooy Arejuswa|dwod
Auyjeay pue
3uipaayisealq ajowoud
0} suolde ayy sayljenb
A833e43s Suipasy pue

jJuawdojaAsp

pliy2 Apes jewndogns
wody pjiyd ay3 pa3o.d
ued Yyaiym ‘uondwinsuod
poojy a1enbape

ue Jo Axoud 3uriojjuow
e si uondwnsuod

[e/(Anjeddiunw ayy
Ul 1un y3jeay paty1d
‘s1030n.3sul Sujuiesy

9oUuapIsal

Jo Ajljedpiunw

pue ueaA uad ‘00T . (PIO
SJIeaA g Jspun
uope|ndod/NVASIS

ul uondwnsuod

P00} UO pI0d3I

3y ‘juswdojarsp

pliyo a3enbape

YlIM pajeldosse ale
3uipasy Asejusws|dwod
Ay3|eay Jo uolydnpoJul
33 pue Suipaajisealq

Axoud Suriojjuow e se
pasn sem uoidwnsuod
pOO0J UO uoljeW.IoUI
JO uonjessi3au

9y juswdolanap

pue yimous pjiyd
19139 Y3IM pajeldosse

Jo/pue $10312n.3sUl
Joj Suiutely Jo/pue
doysxiom e pasodwod
Jojeaipul ue si

(avv3) A3a3e.43s Sulpasy
pue Suipaajisealq

93uapIsal

JO Ajjedpiunw pue JesA
AQ (NVASIS) Wa1sAs
92Ue||I9AINS UoNLIINU
pue pooj ayj ut

(391p 3y Jo AyisiaAlp pue
Ajenb ‘Buipasjisesuq)
uoidwnsuod

poo} uo uonew.ojul

JO PJ0d3J SUO Jse3| Je

<A891e15 SUIpasy pue

sao1poeud

BUCCINI ET AL.

9 Jejuswl|y eue|iSIA poo} p|iyd uo SUO 3Se3| 18 YHIM p|o sI uondwnsuod UM PJO SJeaA G Japun 3uipasy p|Iyo uo uonunu
G102 Op BWIJSIS :JOJeJOWNN  UOIjewlojul JO 93.I9A0D SJeaA G Japun ualp|iyd) pooy a1enbapy uaJp|Iyd Jo adejuadiad uoljew.oyul Jo agesano) 9)enbapy
suoijedljdwod
00T , @1ewnss 1o sisougelp
uolne|ndod/ (Jaqwiada() Ajies pue yuswdojpaap
yluow aouatsyal p|1y> a1enbspe sjowoud
ay1 ul [000€E 4 (Sweay pue juaAsid 03 suolpde
yyesay Ajlwey |eJ9ASS 104 d|qIsuodsal
juswdojaasp Jus|eAInba Jo Jsquinu sl auedyjeay
pIlyo2 Ales jewndogns + sweay aJed Asewnd Alewld 'S921AISS yijeay Ayjedidiunw pue JesA
‘yyesH Jo Ansiulin wouy pliyd ay3 pazuajswesed Jo 0] $S922€ 51239424 SWea} Aq ‘aaeayyjeay Asewnd
/eodlseg oedualy 199304d ued aJ4edyjjesy Jaquinu) + QGPE , sweay aJedyyjeay Atewd Aq Aq paJanod uoneindod a.ledyyjeay
9102 101599-3 ewlojele|d Atewd Jo 93e1aA0) yyeay Ajiwey jo Jaquiny]  93esano0d uoleindod ay | 3y} Jo 93ejuadiad Atewnd Jo 93esan0)
ERITEIETEY] uoljew.oyul Jo 321n0S uonejaidiaju| poyiow uonejndjed @D3 uo szuanjjul pue uoiusp [eauyda) J03ed1pul 3y} Jo sweN ulewop aJje)
JO Jesp uonesynsnf |esnaioay SuununN



BUCCINI ET AL.

diysuaziyd Jo
AnsiulN/zio4 edueld
6107 eweiSold op oedeusploo)

(3o4I) eonsnels3 o
elyel30a0) ap oJia|iselg
03}N}I3SU| I0JEUIWIOUSP
puE (Y3esH J0 AnsIulA

/NVASIS) [eUODLINN
3 Jejuswiy euepsiA
5102 op BW)SIS LI0jeIBWNN

Juawdo[PAap p|iyd Aes

|ewildogns wouy p|iyd
ay3 309304d YIYM ‘S||fS

3unuased 3ujuayiduans

ued swweu3oud
S|Is Sunuased 3uljsIA

-awioy [euoijeu Aq SHSIA

Juawdo[2Asp p|iyd
Ales jewnndogns wouy
plIy2 ay3 30330.d uEd
Ya1ym ‘sniejs [euoijrinu
a)enbape ue jo Axoud
Suliojiuow e s snyeys
jeuonnu pjiyds uo

uofjew.oyul Jo 98esan0)

[00T . (6TOT U

Ajljedpiunw ay3 Jo |eod

/6T0C Ul Ajljedipiunw

U3 Ul PaYISIA slenplAlpul
Jo Jaquinu |ejo])]

93uapIsal
Jo Ajljedidiunw pue JesA
12d ‘00T « (PlO SiedA G
Japun uopeindod
/NVASIS Ul snjels
|euonniInu Jo paodal
SUO 3Se3| 18 YHIM p|o

SJeaA G Japun ualp|iyd)

S9IAIDS
Joddns jeuonyippe
3995 ‘Adessadau
31 ‘pue sandiyIp
pue swsajqoud Ajiuspl
djay Asyy ‘uonippe
u| "jJuswdojansp
a1enbape apiaoud 0}
puodsaui pue saAeysq 03}
MO Se ||oMm se ‘ssadoud
JuswdofeAap piiyd
a3 puejsiapun 1a119q
sal|iwey) asayy djay
pue ‘syus.ed s|qessuinA
Alje1nos 1oy Ajjedadsa
‘s||1s Sunuased
3uruayjdualls uo

SN20J SISIA SWoY 953y |

Axoud

3uniojluow e se pasn
SEeM SNJels [euoillinu
1N0ge uoljew.oul
papJod3al Jo 93eI9A0D
9y ‘paJoliuow 3q Ishw
‘snyj ‘pue Juswdolansp
PIlY> 421339

UM pajeIdosse S| snjels

|euoninu ajenbapy

paJojiuow 8q p|noys
U21ym ‘seiiAlOe 853y}
J0J sjeuoissajoud yyjesy
10 sanljige pue sj||iys
a3 Suirosdwi ‘pooy
Atejuswia|dwod Ayjjesy
pue Suipasjisealq
ajowo.d 03 suoljoe

ay3 Ajllenb o3 swie
A893e43s Suipasy pue

JeahA ayp

10) paas3e 32313 9y3 0}
uoljejau ur Ayjedpiunw
ay3 ur wei3oud s||js
3unuaded 3uijisia-awoy
[euoljeu ay3 Aq payisia

s|enpIAlpul Jo 98ejuadiad

2oUapIsal

Jo Ajjedpiunw

pue JeaA Aq (NVASIS)
W)SAS doue||I9AINS
uoipiINu pue

pooj ayy ul (38e/IINQ)
SNJejs [euoiInu

uo uoljewoyul Jo
pJ0234 SUO 1SE3| 18 YyUM
a3e Jo sueah G Japun

uaJp|Iyd Jo 38ejuadiad

Ayjedpiunw
Sy3 urjun pjesy

JdwuweJdoid
S||s Supualed 3ul}ISIA

-awoy |euoljeu Aq S)SIA

snjels
[euoRLINU PlIyd Uo

uoljewlojul Jo 38ean0D)

Suin8aaed

aAIsuodsay

ELEIRVTE S |

Juawdo[2Aap p|iyd Ales

[ewndogns wo.y pjiyd Suipasjisealq ueljizesg  iSeq Y3 JO UOIFEILIHD

J103e21pUl 3} JO dWeN ujewop aie)

SuununN

@D3 uo 3zuanjuj pue
uoneaynsnl [eanaloay )

ERIIEYETEY] uonejaidiajuj poyjaw uonejnojed uoIuYapP [ed1UYI3 |

Jo aea

uoljewIojul JO 321N0S



—WI LEY 13 of 19

BUCCINI ET AL.

(senunuo))

PI1Yy2 ay3 3199304d ued
(snsuao $92JN0S3J |euol}ednpa

9102 Jooyos) Jejods3 osua)  a4edAep Jo Aljiqejiene 3y |

jJuswdojaAap pliyd
Altes jewndogns wouy
pl1y2 3y 199104d uEd
sjooydsaid ul uonesnpa
J2Y31Y YyuMm si1syoesn

Jo 93ejuadsad Jaysiy v

(snsuad

910C Jooy2s) Jejods3 osua)

JuawdolaAsp p|iyd
Alies jewndogns wouy
pl1y2 ay3 19330.d ued
sa.uedAep uj uoijeonps
19431y yum siayoeay
Jo 23ejuaduad Jay3ly v

(snsuad

9102 Jooyos) Jejods3 osua)

Juswdo[aAap pjiyd Ajies

|lewndogns 1oy} J030e)

3su e s [euolssajoud

Jjooyasaud uad syuspnis
Jo Jaquinu Jsy3iy

(snsuad

9102 Jooyos) Jejods3 osua)

Juawdo[2Aap p|iyd Ales
|lewrndogns 10y J030ey
3sU e S| [euoissajoud
aJedAep Jad syuapnis

10 Jaquinu Jsy3iy

(snsuad

910C |00Y2s) Jej0IST 0SUaD

juswdojaAsp
pliy2 Apes jewndogns

wo.y piiyd sy}
109304d ued jooydsaid
pue aiedAep Jo a3esan0)

(snsuad

ST0C Jooyos) Jejods3 osua)

ERIIEYEIEY]
JO Jeap

uoljeWLIOU] JO 32IN0S uoneyaidiayul

pue spunou3Aeld
‘swood Apnis
/AJeaq| Jo Jaqunu X)

Ayjedpiunw pue JesA
19d ‘00T , (s49yde9]
|Jooyasaud Jjo ssquinu
|ejo3/sjooydsasd

ul uoleanpa Jay3siy

U3IM SJ3Y0Ed] JO JaqUINN) PUE d14103ds Y3IM SIaydes |

Ajjeddiunw pue JesA
13d ‘00T , (s19ydesl
aJedAep jo

Jaguwinu |ejol/saJsedAep
ul uoneanpa Jaysiy

U3IM SJ9YdeD] JO JaqWINN) PUE d14103ds Y3M SIayoes |

Ayjeddiunw pue Jeak

Jad ‘00T , (S|euolssajoud

|jooydsaid

JO Jaquinu/sjusw|olus
jooyasaud Jo JaquinN)

Ajjedpiunw pue JesA

1ad ‘00T . (S|euolssajoud

aJedAep

O Jaquinu/sjusw|oius
2JedAep Jo Jaquinp)

Aynjedpiunw

pue JeaA uad ‘00T , [(PIO

sieaA g Jspun

uonelndod)/(qusw|olus

|jooydsaid pue
Juawjo.ud asedhep )]

poyzaw uonendjed

2y} Se Yons ‘UaJpjiyd Joy
aJnjonJjseyul a3enbape
aAeY 3snwl saiedheq

juswdo|anap sadoud
J19Y3 syioddns jey)
uaJp|Iyd 0} uole|NWIIS
Aiea apinoud pue
Spaau ay} puejsiapun
03 paJedaud Jo139q
aJe ujuiely payljenb

juswdojaAsp Jadoud
J1ay3 spoddns jeyy
uaJp|iyd 01 uoneNWIs
Alies apinoud pue
Spasu 8y} puejsiapun
0} paJedaud J9339q
aJe 3uluies) payljenb

jJuawdo[oAsp
9)enbape uoy
AJessadau uoljdessjul
pue Ajijigisuodsau
‘uoljualle ay) aAI9dad
0} uaJp|Iyd ||e 3|geud
p|noys |euoissajoud Jad

uaJp|Iyo Jo Jaquinu ay |

jJuswdofaAap
91enbape Joy
AJessadau uoljoessiul
pue Ajljiqisuodsau
‘UoIIUSIE B3 DAI9DD4
0} UaJp|Iyd [|e 3|geus
pinoys |euoissajo.d uad

Ua4p|IYd Jo Jaquinu 3y |

jJuawdojaAsp

10} Alessaoau

9Jed pue I|nwis ayl
‘uoisiagadns a3enbape
J2puUn ‘OAII3 ||IM ASY3
2J9yMm ‘sjooydsaud pue
a1edAep Ajljenb ‘9auy

0} SS920B Paau UaIP|IYD

@dD3 uo aduanjui pue
uonesyisnl [es3a109y |

Jo/pue punoudAeld
10/pue woo.
Apnis/AJeiqi) Jo 9ouasald

s204n0sal
|euoijeanpa aiedheq

Jesh

Jad Ajljedpiunw ayy

ul sjooydsaud ajeaud

pue d1jqnd ul paAojdws

uonesnps Jaysdiy yum
sJaydea] Jo a3ejuadiad

sJayoeay jooydsaid
payijenb jo a3ejuadiad

Jeah sad Ayjeddiunw
3y} Ul sauedAep ajeAud
pue o1gnd ui paAojdws

uopeonpa Jay3iy ypum
sJaY2es} Jo a8ejuadiad

sJayoea) aiedhep
paljijenb jo a3ejuadiad

JeaA Jad Ajljedpiunw
aY3 ul sjooydsaud
91eAld pue o1gnd ul
paAojdwsa |euoissajoud
42es 104 pa||0Jud
SJUSPNIS JO JaquinN

|euoissajoud [ooydsaid
Jad sjuspnjs Jo JaquinN

Jeah sad Ayjeddiunw
ay3 ul sauedAep
91eAld pue o1gnd ul
paAo|dws |euoissajoud
4oes 10J pa||0Jud
SUaPNIS JO JagquinN

|euoissajoid aiedAep
Jad sjuspnis Jo saquinN

ouapIsal

Jo Ajjedpiunw pue

1e9A Aq ‘sieaA G uspun

uaJp|Iyd Jo Jaquinu

|E303 3y} 03 uone|a4 ul

Jjooyasaid pue asedAep
Ul SJUSW|OIUS JO JSquINN

|jooyasaud
pue siedAep Jo a3essno)

uonIuYaP [es1uYId | Jojesipul ay3 Jo aweN

Sujuies)
Ales 10y

saijlunoddo

ujewop aie)

SuununN



BUCCINI ET AL.

uer| WiLEY-|

jJuawdojaAsp

pliy2 Apes jewndogns

woJj p|iyd ay3 10930.d

ued awuwesSoud Jaysuesy

ysed |euoi3ipuod
|euoneu ayj 03 ss922e 3y |

(diysuazind
Jo Anjsiuin/od1unped)

910¢ odlup) oJseped

juswdojaAsp

pliy2 Apes jewndogns

wody piiyd sy}

193310.4d UBD S32uN0SA

|euoijeanps jooydsaid
Jo Ajliqejiene ay |

(snsuad

910C |00Y2S) Jej0ISa 0Sud)

juswdojansp pJiyd
Alies Jewndogns wouy

ERIIEYETEY] uoljewIojul JO 321N0S uonejaidiajuj

Jo aea

Ayjedpiunw

43d ‘00T 4 ((4oquia23Q)
yluow aouatsyal

3Y3 Ul ‘p|o siedA g
J3pun uaJpjiyd yum
A13s18a1 3j8uis ueljizesg
93 Ul pajjolus saljiwes
[B303/(42qWia33Q)
yjuow aouatsyal

3y} ul p|o sieah g
J3pun uaJpjiyd yum
swwes3oud Jajsuey
ysed |euoi}ipuod
|euoljeu wouy

swuwel3oud [e1dos

e ul pajsisse Auanod Jo
suoljenis ul ualpjiyd Jo
a3ejuaduad ay3 s3o9|4a.
swwei3oud usjsuesy
ysed [euol}ipuod
|euoljeu ayj Jo 93eIaA0d
9y] "AlaAod swauxd ul
uaJp|Iyd Jo Juswdoansp
a3 1p3304d

3unyauaq saljiwey |e1o]) sawwesdoud Jajsuel) ysed

Ajljedpiunw pue JeaA Aq
‘sjooydsalid Jo Jaquinu
|e101/(sjooyasaud

Ul SWO0J1Sal S,ua4p|Iiyd
pue spunou3Aed

‘swood Apnis

/AJeaq| Jo Jaqunu <)

Ajljedpiunw pue JesA Aq
‘aledAep |ej03/(aJedARD
Ul SWO0J1Sa S,ua4p|Iyd

poyjaw uonejnojed

juswdojaAap ajenbape
pue 939|dwod 3ulnoAey
SNY3 ‘UaIpjiyd Jo
Suluies| pue uonenwins
3y} J0J |ejuswepuny
SI aunjonJisesjul
ajenbape uy ‘s|ge|ieAe
|elajew |euoljednps
pue swoousau paydepe
‘spunoJ3Ae|d ‘woou
3uipeaJ e Jo asuasaid
3Y3 Se Yyons ‘uaJpjiyd oy
aJnjonujselyul ajenbspe
9ABY 1SNW S|O0YISald

juswdojaAap ajenbape
pue 9339|dwod SunoAey
SNY3 ‘UaIpjiyd Jo
3uluies| pue uonenwins
3y} J04 |ejuswepuny

SI aunjonJsesjul
alenbape uy ‘s|ge|ieAe
|ela)ew |euoljeonps
pue swoousal paydepe
‘spunoJ3Ae|d ‘woo.
3upeau e Jo aouasaud

@D3 uo 3zuanjuj pue
uoneaynsnl [eanaloay )

pio
SJe3A G Japun uaJpj|iyd
yum Ansi8aa s|8uls
uel|izelg ayj ui saljiwey
Suowe swweidoid
Jajsuesy ysed
|EUOI}PUOD [BUOI}EU
Sy} wouy Suiyauq
sal|lwey Jo 93ejuadlad

swweidoud Jajsuesy
ysed [euoi}Ipuod
|euoijeu ay3 Jo a3esaA0)

q
Kyojes

pue Ajndas

JeaA Jad Ajljedpiunw

|43 ul pooypjiyds

AlJea Joy sjooyds

Ul WooJ3sal s,ualp|iyd

Jo/pue punou3Aeld

10/pue woo.
Apnis/AJelq| Jo 9duasald

$904N0Ssal
[eUOI}EDNPS S|O0YDSAId

JeaA Jad Ajjedpiunw
3y} Ul sauedAep

Ul WooJ3sal s,ualpliyd
J103e21pUl 3} JO dWeN ujewop aie)

SuununN

uoRIuyap [E2IUYID |



—WI LEY 150f 19

BUCCINI ET AL.

(senunuo))

Slwouod3 paljddy
40 3In3Isu|—y3dl)
eped||dy es1wQuody

/102 esinbsad ap o3n}Isu| e s d3ed sppIwoy Jaysiy v

(3941) ednspesy o
eljei3090) ap oJig|iseg
0]N}IIsu| :J0jeulwousp
pue (y3jeaH Jo AnsiuliN

/NVNIS) 0edediiioN
9p SOAeI3Y 9p |euoideN
G102 ewa)sI§ t1ojesownN

(394I) ednshels3 9
elyel3090) ap oJig|iseg
0]1N}13SU| :10JBUIWOUSP
pue (yjesH Jo AnsiuliN

/NVNIS) 0eded11ioN
9p SOAeI3Y 9p |euoideN
G102 BWI]SIS :J0jesawnN

ojned 0eS JOo ANSIaAIUN
"3UIDIP3IA JO Ande4
*J93ua)) JuswdojPAag

ST0¢C pIyD “le 38 v luejuaig

ERIIEYEIEY]
JO Jeap

uoljeWLIOU] JO 32IN0S

jJuawdojaAsp
pliy2 Apes jewndogns
10} 10308} YSU

Juswdo[aAap pjiyd Ajies
|ewindogns wouy pjiyd
a3 399304d ued yoiym
‘92U3|0IA 03 a4nsodxe

21U0JYD Jsulede }iomisu

92IAI3S paljijlenb
e 91ea4d uaJp|iyd
Jsujede 92us|(OIA

40 uonedynOU BY |

jJuawdo|aAsp

Py Ales jewrydogns
wouy piyd ayj 39330.4d
ued YdIym ‘9dus|oIA

03 24nsodxa d1uouyd
Jsuiede }I0M)aU IDIAISS
pauljenb e s1eaud
USWOM jsuleSe 92UI|0IA

4O Uonesyiou ay |

Juawdo[2Aap p|iyd Ales

|lewndogns 1oy J030e)
3S1 e S| uopnjjod Jiy

uopjejaidiaiu]

‘uoiuaAIRlul [e33|

Aq pasned syjesp Jo

Jaquinu ‘uoissaldse o0}
anp syjeap jo Jaquinu )

Ayjedpiunw pue

JeaA 4ad ‘000T « (PIO
sleaA g uspun
uoljejndod/pj|o sieah g
Japun s|enpiAlpul

J0J (sueaw payydadsun

Aq uoissa.33e) 60A ADl
Y3IM S3SED JO JaquinN|)

Ajjedpiunw pue
JedA 4ad ‘000T . (PIO
SI1eaA 417 pue QT
U99M]9( USWOM JO
uole|ndod/p|o siedh 4t
pue QT U99M}SQ USWOM
ul (suesw payadsun
Aq uoissa433e) s0A ADI
UM S3SED JO JaquinN)

Ajfedpiunw Aq

S|apow [eJodwa}-0120S

wouy (ew/3n) (5°ZINd)

Jay3ew ajenoied

aul} JO UOIeIUSIUOD
Aliep ay3 Jo uonewnsy

poyzaw uonendjed

Buipnjpul ‘quawdolanap
pooypiyd Jredwi
ued SJUBWUOIIAUD

JUDJOIA 03 aunsodxa Aleg

jJuswdojanap

PlIy2 s3oedwi yoiym
92U3|0IA 03 94nsodxe
A1UodYd spjiy3 8yy
1sulese >IoMIau DIAISS
payijenb e ajeaud

0] poylaw e S| 931AI9S
yajeay ay3 Ag aouUs|oIA

40 uonedyRou By |

Juswdo[aA3p plIyd
s1oedwil YdIym ‘9dUs|oIA
03 aunsodxa J1uoayd
Jsutese >1oM)au IDINIDS
pauljenb e a1ea.1d

0} poy3iaw e S| IAISS
yjeay ay3 Aq adus|oIA
40 uofiesyou 3y |
*Ajunjewaud pue Jy3iom
Yilig moj ‘uoioqe

se yons swa|qoid yjeay
[BIDASS Ul NS UBD

USWOM 3sulede adu3|oIA

|eJaua3 ul saseasip 01
A1q13daosns aseaudul
pue juswdo|aAsp
9A131US02 oedw

ued YaIym ‘saseasip
Aiojesidsas pooypjiyd
JO jJuswdo|ansp

ay3 Sunzejoey

‘sasse|d |eldos ||e Jo
uaJp|Iyd 31034Je ued jey)
J0SSa43s e s| uonnjjod
Jle 03 ainsodx3
'$10SS41S [eJUSIUOIIAUD
0} 3|qeJau|nA Ajjerdadsa
Wwiay} Sayew uaJp|iyd
J0 jJuswdo|aAap pides
ay3 ‘pooypliyd Aes

pue Adueu3aud 3uunQ

@dD3 uo aduanjui pue
uonesyisnl [es3a109y |

Ajjedpiunw yoes Joy
Sjue3igeyul 000‘00T Jod

pajew}sa ajel apIdIWOH

Jesh

Jad Ajjedpiunw ayy

ul 9Al Japun uaJp|iyd

JO Jaquinu |e303 ay3

0} UoIje[a4 ul pjo sueaAh g
Japun uaJp|iyd jsuiede
9JUD|OIA JO 9dA} Aue

JO sased papodal B30 |

JeaA Jad Ajjeddiunw
sy} uir dnou3d

a3e SIy3 ul UsWoMm

10 Jaquinu ayj 0}
uonefad ul (sieah ¢-0T)
93e 3unieagp|iyd

JO uswom jsujede
9DUD|OIA JO 9dA} Aue

JO sased papodal B30 |

Ayjedpiunw

Aq (gw/3n) (5ZINd)
Ja13ew ajenoied
Ul JO UOIIeIIUDIUO0D

Ajlep pajewiys3y

uonuyap [edUYdD |

SapIIWOH

ua4p|iyo sutese

SDUS|OIA JO UOIIEDJIJON

uawom jsujede

SOUS|OIA JO UOIIEDJIJON

uonnjjod 1y

Jojesipul ay3 Jo aweN



BUCCINI ET AL.

st | WiLEY-|

(e2u3j0IA
4O Se[Ry) BIPUIIOIA
ep se[y—(ydieasay

ERNIEIETEY] uoljeWLIOU] JO 32IN0S
Jo e\

'ZI|94 eduen) ewed3old
‘eljlwe esjog eweisold
{iseag ejuswi|y o ejuswewy eigolensy

wayy

pUNOJE JUSWUOJIAUS 3}
2J0|dxa 03 wayy sywad
U2Iym ‘o3 pue swod

0] 9344 ‘pardslold pue
2Jes aq 03 SIaAISaued
I3y} pue uaJpjiys sy}
SMO]|e 92USJOIA JO S[9A3|
MO| U1IM JUSWIUOIIAUD

Ayjedpiunw 9jes y ‘saousanbasuod
pue ueaA sad 3uojayl| yum
‘000°00T , (uonejndod W9)SAS SNoAISU ay}
|eddiunw /sspidiwoy J0 sped Jayjo aSewep
uspply Jo Jsquinu pue ‘quswdo[eAsp ulelq
uonejaidiaju| poyiow uonejndjed @D3 uo szuanjjul pue uoiusp [eauyda) J03ed1pul 3y} Jo sweN ulewop aJje)
SuununN

uonesyisnl [es3a109y |



BUCCINI €7 AL. I ‘

4 | DISCUSSION

As far as we know, IMAPI represents the first attempt to identify nur-
turing care indicators at the municipal level using routine information
systems. Although other experiences measuring the environment for
ECD (SEADE, 2017; UNICEF and & Countdown to 2030, 2019) or
child health (Lennart Kohler & Eriksson, 2018) exist, none had used
indicators at the municipal level based on the comprehensive NCF
constructed into a single index as IMAPI does. IMAPI responds to the
global call for developing data science initiatives to support local
levels in promoting nurturing care (Richter et al., 2019; World Health
Organization, World Bank Group, & United Nations Children's
Fund, 2019). Our study is innovative because IMAPI not only devel-
oped a specific protocol for measuring NCF at the municipal level but
also piloted it in the Brazilian context. Hence, the clear documentation
of the systematic methodology followed, and lessons learned through
the participatory decision-making process can greatly assist with the
dissemination of this approach into other countries.

Rooted in the evidence-based NCF, our approach to identifying
nurturing care indicators was a result of a stepwise participatory
decision-making methodology including a carefully selected group of
multisectoral stakeholders and experts. This participatory process was
efficient as it led to (i) the identification of indicators already used to
monitor child health as well as access and quality of services in routine
information systems, (ii) the inclusion of SMART properties for the
stakeholders or end users of IMAPI in the calculation of the index and
(iii) the consideration of the attributes of quality and limitations of
each indicator.

The use of a participatory decision-making methodology was a
strength of IMAPI. Participatory decision-making and consensus pro-
cesses can effectively help stakeholders reach consensus through
trust and learning within a reasonable time on a valid outcome
(Devente et al., 2016). Similar participatory consensus methodologies
have been used and proved effective in the selection of indicators in
other areas that are highly relevant to ECD including child well-being
(McQuinn et al., 2019), breastfeeding (Pérez-Escamilla et al., 2018)
and neonatal health (Darmstadt et al., 2014). Another strength of
IMAPI was the systematic engagement of key Brazilian stakeholders
in the technical panels as well as national and international ECD
experts to identify, select and reach consensus on indicators. Engaging
with stakeholders in the decision-making process of selecting indica-
tors can increase the likelihood that stakeholders will support project
goals and implement decisions in the long term (Devente et al., 2016).

Considering IMAPI's goal to combine the selected indicators into
a single overall index and sub-indexes for each NCF domain, taking
into account an evidence-based analytical model is considered critical
to improving reliability by giving higher weight to components with
stronger impact on the outcome (Kohler, 2016). This is particularly
true in the context of comparing municipalities within a given country
(Kéhler, 2016). We articulated within the participatory decision-
making process a sound approach to account for SMART properties
of each indicator considering specificity, attributes of quality and
influence on ECD considering the NCF. In fact, the SMART approach
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has been described as a strong method to convert any type of weight
assignment technique (i.e. relative/absolute) into numbers/weights
(OECD, 2008; Velasquez & Hester, 2013). It also has been success-
fully used as a multicriteria decision analysis framework in healthcare
with a focus on low- and middle-income countries (Németh
et al, 2019). Through the SMART process, we gained an in-depth
understanding of the different dimensions of each indicator to sup-
port the interpretation of IMAPI indexes. Hence, the SMART
approach can be considered a strength of our methodology.

Furthermore, we identified some challenges related to data access
and quality as well as the need to expand coverage of information and
include new indicators to properly monitor the nurturing care at the
municipal level. Regarding data access, even though we were using
mostly routine governmental information system indicators, some of
the databases were not publicly available. Thus, the request to access
data to estimate multiple indicators, for example, ‘visits by national
home-visiting parenting skills programme’, ‘child immunization’ and
‘coverage of the national conditional cash transfer programme’, went
through a long and bureaucratic administrative process. Furthermore,
despite all the team and stakeholders' efforts in accessing data for
every potential indicator, a few indicators were not made available to
us, for example, ‘the number of children that are wards of the State’.
For data quality, one example happened within the adequate nutrition
NCF domains where indicators mainly came from the Brazilian Food
and Nutrition Surveillance System (SISVAN), which collects continuous
information about nutritional status and food consumption of children
and adolescents receiving primary healthcare services (Mourao
et al., 2019). Because of the low coverage of SISVAN across municipali-
ties, states and regions of the country reported previously (Mourao
et al.,, 2019) and confirmed in our study, IMAPI could only include the
coverage of information on infant and young children feeding practices
and nutritional status in each municipality instead of the individual indi-
cators of feeding practices (e.g. breastfeeding, exclusive breastfeeding
and quality and diversity of diet) and nutritional status(e.g. prevalence
of stunting, prevalence of overweight/obesity, prevalence of low
weight for age and prevalence of low weight for height) as originally
planned by the research team. Due to the scarcity of information col-
lected routinely to monitor critical factors influencing ECD outcomes in
the existing national databases, two indicators from cross-sectional
research were incorporated in the adequate nutrition (‘household food
insecurity’) (Gubert & Pérez-Escamilla, 2013) and security and safety
(“air pollution’) (Brentani, 2020) domains.

Similarly, among the NCF domains, responsive caregiving was the
most challenging domain to identify indicators. To date, there is no
monitoring system of responsive caregiving practices in Brazil. Only
one indicator for the Responsive caregiving domain was identified at
the municipal level, ‘coverage of Crianca Feliz home visiting pro-
gramme’, that targets the most vulnerable families in Brazil (Buccini
et al, 2021; Girade, 2018). Although other ECD initiatives and
programmes are being implemented at the municipal level, there is no
national system to collect and monitor this information for all munici-
palities. Thus, Crianca Feliz was identified as a proxy of municipality's

effort to supporting parenting skills and ultimately supporting



s | WiLEY-|

responsive caregiving practices. The lack of information on responsive
caregiving across countries has been reported previously (UNICEF
and & Countdown to 2030, 2019). This missing information likely
reflects the small financial investment to enable responsive caregiving
in Brazil (Arregoces et al., 2019) and globally.

In the process of developing IMAPI, we faced some challenges
that must be considered when interpreting nurturing care contexts of
municipalities. First, the availability of indicators at the municipal level.
Many indicators did not have disaggregated information for munici-
palities and were excluded from this version of IMAPI, including ‘basic
sanitation’, ‘excessive alcohol consumption’ and ‘maternal mental
health’. On the other hand, one advantage of using data aggregated at
the municipal level is that the selection of indicators was not limited
to any restrictions on Brazilian protection laws to access individual or
identifiable information. Second, the lack of official data/estimation of
children under 5 years old in the Brazilian population since 2016 made
timeliness an important limitation for 20% of IMAPI's indicators. For-
tunately, an estimation of the Brazilian population, including the popu-
lation of children under 5 years old, was recently launched and will
allow updates of IMAPI indicators for more recent years (Freire
et al., 2019; IBGE, 2020.). Third, one challenge we can anticipate for
the analytical weight when using IMAPI to follow the performance of
municipalities over time is that SMART properties of indicators may
also change over time (OECD, 2008). Fourth, we acknowledge that
the lack of several indicators in the responsive caregiving domain is a
current limitation of IMAPI.

In spite of these challenges, we were able to design and pilot a
systematic methodology for identifying and selecting a set of nurtur-
ing care indicators at the municipal level. In summary, the greatest
strength of IMAPI is the systematic consensus process to identify
indicators using the best information available in existing Brazilian
databases to monitor the domains of the NCF. The selection of IMAPI
indicators was followed by the (i) use of a data engineering approach
to create an index for each domain as well as a single index of the
NCF and (ii) analysing whether IMAPI indexes can discriminate nurtur-
ing care environments across the 5570 municipalities in Brazil, which
are described elsewhere.
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