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ABSTRACT

Background: The high maternal and neonatal mortality in developing countries is frequently linked to inadequacies in the quality
of maternal, neonatal and child health (MNCH) services provided. Quality measurement is among the recommended strategies for
quality improvement in MNCH care. Consequently, developing countries require a novel quality measurement approach that can
routinely facilitate the measurement and reporting of MNCH care quality. An effective quality measurement approach can
enhance quality measurement and improve the quality of MNCH care. This study intends to explore the effectiveness of
approaches available for MNCH quality measurement in developing countries. The study further proposes a machine learning-
based approach for MNCH quality measurement.

Method: A comprehensive literature search from Pub Med, HINARI, ARDI and Google Scholar electronic databases was
conducted. Also, a search for organizations' websites, including World Health Organization (WHO), USAID's MEASURE
Evaluation Project, Engender Health, and Family Planning 2020 (FP2020), was included. A search from databases yielded 324
articles, 32 of which met inclusion criteria. Extracted articles were synthesized and presented.

Findings: The majority of quality measurement approaches are manual and paper-based. Therefore are laborious, time-
consuming and prone to human errors. Also, it was observed that most approaches are costly since they require trained data
collectors and special data sets for quality measurement. It is further noticed that the complexity of the quality measurement
process and extra funds needed to facilitate data collection for quality measurement puts an extra burden on developing countries
which always face constraints in health budgets. The study further proposes a machine learning-based approach for measuring
MNCH quality. In developing this model, financial and human resource constrain were considered.

Conclusion: The study found a variety of quality assessment approaches available for quality assessment on MNCH in developing
countries. However, the majority of the existing approaches are relatively ineffective. Measuring MNCH quality by a machine
learning-based approach could be advantageous and establish a much larger evidence base for MNCH health policies for
Tanzania.

Keywords: Quality Measurement, Maternal and Neonatal Health, Child Health Quality, Quality Health Care, Machine
Learning.

1. INTRODUCTION

Over the past two decades, significant efforts have been made to ensure that mortality and morbidity among mothers and children
are reduced [1]. The efforts have led to the initiation and implementation of several interventions and programmes with the prime
objective of improving the provision and utilization of MNCH services [2]. In developing countries, these efforts have
significantly increased the number of women with recommended four antenatal visits, the number of births in health facilities and
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the proportion of births attended by skilled health personnel [3]. However, the increase in coverage and utilization of MNCH
services alone seems not to be sufficient in reducing maternal and child mortalities and morbidities [4]. Quality MNCH services
have been mentioned as one of the critical factors in improving the services and reduction of maternal and neonatal deaths [5-7].
Scholars argue that the majority of deaths could be prevented if women and children in developing countries had access to quality
MNCH care [8-11].

In Tanzania, there have been several dedicated initiatives to develop and use ICT-based tools in providing MNCH services and
information to pregnant women for the well-being of mothers and expected newborns[12]. This includes; Wired-mothers, a
project that links pregnant women to primary health care using mobile phones in Zanzibar[13]; “Health pregnancy, Health baby” a
text messaging service project aimed at delivering high-quality antenatal care (ANC) in Tanzania[14]; “Wazazi nipendeni” an
SMS based service that aims at keeping women aware of pregnancy danger signs, diet during pregnancy, family planning methods
and other important information on pregnancy and childbirth[15]. Interactive mobile applications that provide general information
regarding pregnancy and childbirth, health and diet recommendations and, whenever needed, connect them to medical personnel
for unique conditions currently experienced [16, 17].

Artificial Intelligence (Al) and Machine Learning (ML) technologies have recently transformed how things are done in health
care. The use of ML in MNCH has gone beyond improving coverage and utilization. Currently, medical conditions and diseases
related to maternity can be predicted to avoid or mitigate the risks to both the mother and the expected child. Many recent studies
have successfully applied machine learning technologies in predicting different conditions pertaining to pregnancy and childbirth.
Examples are the following: Machine learning was used to predict early severe maternal morbidity, lifetime risks of maternal
death[18], early hypertensive disorders during pregnancy [19], risk of preeclampsia [20] and gestational Mellitus in the first
trimester of pregnancy based on bio-markers and some maternal features [21]. Furthermore, machine learning was used in
different MNCH scenarios, such as analyzing the reasons behind the preference for home birth among women in Bangladesh[22].
So far, in developing countries, significant efforts have been made to improve the quality of MNCH care. However, without
regular quality measurement, the state of MNCH quality in developing countries will not be known. Failure to establish the
current state of MNCH care quality may render all efforts geared to improve MNCH care.[23] Note that there is limited evidence
linking quality improvement efforts to improved MNCH outcomes despite a number of initiatives deployed to improve MNCH
care. This connotes that quality measurement is paramount in the process of improving MNCH services and reducing maternal,
neonatal and child deaths. Therefore, this study aims to identify effective approaches, mechanisms and tools available for MNCH
quality measurement in developing countries and Tanzania in particular. Furthermore, the study intends to establish the need for
an effective quality measurement approach for MNCH quality measurement. The study findings are expected to benefit health
sector authorities, health professionals and stakeholders working tirelessly to improve the quality of MNCH care in developing
countries.

2. METHODOLOGY
2.1 Data Sources and Search Strategy

The study focuses on the identification of approaches and tools applied to measure the quality of MNCH services. A
comprehensive literature search was conducted from Pub Med, HINARI, ARDI and Google Scholar electronic databases. Also,
we searched for organizations' websites, including World Health Organization (WHO), USAID's MEASURE Evaluation Project,
and Engender Health and Family Planning 2020 (FP2020). The search for relevant articles was done using a Boolean search
strategy with a combination of four different key terms: (1) quality assessment tool AND maternal health OR Neonatal health OR
Child health, (2) Quality assessment method AND maternal health OR Neonatal health OR Child health, (3) Quality measurement
AND maternal health OR Neonatal health OR Child health and (4) Quality evaluation AND Maternal health OR Neonatal health
OR Child health. Other terms were family planning, reproductive health, adolescent health and primary care. The search strategy
was used for all the consulted databases.

2.2 Exclusion and Inclusion criteria

To be included in a study, an article had to meet the following inclusion criteria: (1) a scholarly or a peer-reviewed article, and (2)
has an abstract or full text online, a journal article and a conference proceeding, a government document, a dissertation or a thesis.
Articles that were written in other languages apart from English and did not have English translation, the articles that did not focus
on quality assessment and those which do not describe or develop an approach that measures quality in MNCH were excluded.

3. SEARCH RESULTS

3.1 Approaches for MNCH Quality Measurement in Tanzania.
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Several approaches that have been developed and used to measure the quality of MNCH were identified. The focus was mainly on
approaches used to measure the quality of MNCH care in developing countries, particularly in Tanzania. For better understanding,
the quality measurement approaches were categorized into two groups, namely tailored quality measurement approaches and
facility-based quality measurement tools and methods.

1) Tailored Quality Measurement Approaches

This category (Table 1) comprises all the quality measurement approaches tailored to suit various quality measurement needs at
the facility and national levels. The study found the existence of tailored quality measurement approaches that were developed
upon special quality measurement needs from international organizations and national initiatives geared to establish and improve
MNCH quality. Some approaches were developed by various projects and programmes conducted to improve MNCH services,
and others were developed as one research deliverable or result of the studies conducted by various scholars in the MNCH
domain.

1) Facility-based quality measurement tools

This category (Table 2) includes quality measurement tools and methods used for quality measurement at the health facility level.
The tools and methods in this category measure the quality of health services by assessing the ability of health facilities to provide
quality health services. Therefore, to accomplish the intended goal, the tools seek information and answer the questions on the
primary health facility infrastructure, capacity to provide services, medical supplies and quantities of services provided at the
health facility.

3.2 Challenges of the Identified Quality Measurement Approaches

The objective of this study was to identify quality assessment approaches, mechanisms or tools for maternal, neonatal and child
health care. For better understanding, a simple analysis was done by looking at the Methodology/tool(s) used, data source, the
tool's primary focus and types of indicators used for tailor-made approaches and data source, the primary focus of the tool and
indicator type for facility-based approach. Approaches varying from tools, frameworks, methods, and guidebooks used for quality
measurement were identified.

Analysis of the type and quality component assessed shows that most approaches assess the component related to structure. The
structure component depicts the context in which health services are delivered. It is beyond doubt that a well-structured facility
has the potential to provide quality services. That is, the availability of required medical supplies like medicine, medical
equipment and other facilities that enable care provision depicts the provision of quality care [6]. However, the situation might not
be the same as expected. A facility with enough medicines and medical equipment does not necessarily provide quality health
care. For example, a well-equipped health facility might have high maternal deaths compared to facilities that are not well
equipped. Therefore, measuring quality by looking at a structure component alone may mislead the quality assessment results.

The current literature on MNCH emphasizes continuum care, such that a woman gets access to a set of MNCH services
continuously from pregnancy to the post-delivery period [6]. MNCH care shift to continuum care fashion, quality measurement
approaches also should be designed to cater for services under continuum care altogether. Analysis shows that only one (1)
approach altogether targets quality assessment in maternal, neonatal and child health services. The analysis further shows that
most of the approaches identified require data to be collected specifically for such exceptional quality measurement approach.
Other approaches require a trained data collector(s). The need for a unique set of data or trained data collector(s) puts an extra
burden on developing countries that always face health budget constraints. Setting extra funds for quality assessment may not only
limit the applicability of the approaches but also limit quality measurement frequency in developing countries.
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Table 1: Summary of Tailored MNCH Quality Measurement Approaches

Study(s) Objective Methodology/Tool used Data Source Major focus Indicator type

[7] Measuring the quality of essential Service Provision Assessments | Demographic Maternal and Structure and
maternal care functions in delivery (SPA) by the Demographic and | health survey neonatal Process
facilities Health Survey (DHS)

Programme

[24] Creating a single "Quality Index" Demographic health survey Demographic maternal and Structure and
(QI) representing the quality of (DHS) health survey neonatal Process
maternal and neonatal health care
based upon data collected as part of
the Demographic and Health Survey
(DHS) program

[25] Development and testing of a method | Direct observations and Medical records Maternal and Process
of measuring the quality of maternal | medical record reviews to score | review and direct neonatal
and neonatal care that could be quality in nine domains of observation
embedded in a larger national intrapartum care
performance management initiative.

[26] They are evaluating the quality of Assessing the performance of Facility data Maternal and Process and
routine and emergency intrapartum crucial signal functions and the Neonatal Structure
and postnatal care using a health availability of relevant drugs,
facility assessment and evaluating equipment and trained health
"effective coverage" of skilled professionals. By creating
attendance in Brong Ahafo, Ghana. composite quality categories in

four dimensions: routine
delivery care, emergency
obstetric care (EmOC),
emergency newborn care
(EmNC) and non-medical
quality

[27] Investigation of the provision of care | descriptive evaluation study Observation and Maternal Process
during labour and childbirth in and investigated the provision interview
comparison with national guidelines | of care during labour and
in four public hospitals in Tehran. childbirth using current

evidence-based practice as the
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indicator of quality
[28] Development of Quality Measures in | Direct observation, existing Direct observation, | Neonatal Process
Perinatal Care records, and interview of the medical record
involved stakeholders review and
interview
[29] Development and validation of an A comprehensive delivery Direct observation | Maternal and Process
index to measure the quality of observation checklist is used in Neonatal
facility-based labour and delivery quality surveys in sub-Saharan
care processes in Sub-Saharan Africa | African countries.
[30] Assessment of quality of obstetric hospital discharge data review Medical record Maternal and Process and
care in Zimbabwe review Perinatal Outcome

Table 2: Summary of Facility-Based MNCH Quality Measurement Approaches

Tool Data source Major Focus Indicator type
Service Provision Assessment Questioner, observation, exit interview Quality of Maternal, neonatal and child Structure
(SPA) survey and provider interviews health

Service Availability and Uses rapid data collection and analysis Maternal, neonatal, Family planning, HIV, | Process

Readiness Assessment (SARA)

TB, Malaria and Child Health

Needs assessment of Emergency
Obstetric and Newborn care

Health facility data

equip health facilities with the capacity to
provide evidence-based, cost-effective
interventions to attend to the leading
causes of maternal and newborn mortality

Structure and Process

Service Delivery Indicator (SDI)

Nationally representative health data

performance and quality of service
delivery in primary schools and at frontline
health facilities

Structure, Process and
Outcome

Impact Evaluation toolkit for
results-based financing in health
(RBF)

Survey and direct observation

design and implement impact evaluations,
with a focus on Results-Based Financing
in maternal and child health programs

Maternal and Child health
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Facility-Based Assessment
(FBA)

Observation of provider performance,
exit interviews with child caretakers,
provider interviews, record review, and
an inventory of essential equipment and
supplies.

The FBA evaluates the extent to which
children are appropriately diagnosed and
treated at health facilities.

Structure and Process

Health Facility Census (HFC)

Facility health data

This tool assesses the physical assets in the
health sector with primary design for
policy, planning and management

of the health system

Structure

Population Council Health
Facility Assessment (HFA)

Facility health data

The Population Council HFA allows
reproductive health programme managers
to benchmark the performance of health
facilities. The tool is primarily designed
for planning purposes, especially for
strategic health planning, monitoring, and
evaluation, although it may also be used
while piloting service quality
improvements.

Structure and Process

Facility Audit of Service Quality
(FASQ)

Facility health data

Assesses facility infrastructure, equipment
and the quality of care provided.

Structure

Rapid Health Facility
Assessment
(R-HFA)

Rapid Health Facility Assessment
(R-HFA)
Facility health data

The R-HFA measures a small set of
indicators for primary care health services
for maternal, newborn and child health to
identify bottlenecks in service delivery.

Structure and Process
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3.3 The Proposed Quality Measurement Approach

A standard quality assessment approach is a prerequisite for MNCH quality improvement. This study proposes a machine
learning-based approach for quality assessment in MNCH care. The proposed approach is thought to overcome the challenges of
the existing quality measurement approaches. The machine learning model, the core part of the proposed approach, will
effectively measure the quality of MNCH services based on the stated quality standards.
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Figure 1: Proposed quality measurement approach

3.4 Why Considering Machine Learning-Based Approach

3.4.1 Data availability

Adopting the District Health Information System (DHIS 2) as a National database makes the proposed approach consider machine
learning in assessing quality. DHIS 2 is currently used as a centralized database, and national health information system by
several developing countries where routinely aggregated health data from all health centres are stored [31], [32]. Maternal and
child health data from DHIS 2 will be used to develop and train a machine learning model [33]. After successful training, a
learned algorithm (model) will provide insight into the quality of MNCH services provided to pregnant women and children.

3.4.2  Advanced Technology
Using a machine learning approach over traditional or existing quality measurement approaches is advantageous. A learned
quality measurement algorithm (model) can enhance and speed up the quality measurement process, thus overcoming the costly,
laborious and time-consuming task of quality measurement by traditional quality measurement approaches. Also, a learned
quality measurement algorithm is not prone to human errors and can provide more valid and reliable results than manual and
paper-based approaches [34]-[36].

3.4.3  Resource Efficiency

The machine learning approach requires only data to accomplish quality measurement; routine health data are readily available in
District Health Information System (DHIS 2). Previous studies [19], [21], [22], [37]-[40] have also employed machine learning
techniques to predict medical conditions and diseases related to maternity to mitigate the inherent risks to both the mother and the
child. These studies have shown that machine learning has successfully been used in different MNCH contexts and hence holds
the potential to provide insights into the quality of MNCH services.

4. CONCLUSION
The current review found a variety of quality assessment approaches available for quality assessment on MNCH in developing
countries. However, none of the approaches is considered standard for quality assessment. Given the importance of quality
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assessment in MNCH quality improvement, this gap is critical. In this study, a machine learning-based approach for quality
assessment is proposed. Unlike existing quality measurement approaches, the proposed approach does not require extra resources
such as funds, a dedicated set of data, a dedicated task force and time to accomplish the quality assessment. The approach is
suitable for resource-constrained countries such as developing countries. Because it requires only data currently collected and
stored in District Health Information System (DHIS 2) and few experts, the proposed approach will enhance the quality
measurement process; hence, routinely quality measurement will be witnessed in MNCH care.
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