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Abstract - In this research article, the ANN approach was applied to analyze infant mortality rate in Rwanda. The
employed annual data covers the period 1960-2020 and the out-of-sample period ranges over the period 2021-2030. The
residuals and forecast evaluation criteria (Error, MSE and MAE) of the applied model indicate that the model is stable in
forecasting infant mortality rate in Rwanda. The ANN (12, 12, 1) model projections suggest that infant mortality will be
around 23/1000 live births per annum over the next 10 years in Rwanda. The government is encouraged to intensify
maternal and child health surveillance and control programs amongst other measures in order to curb infant mortality in
Rwanda. This might be specifically executed by adopting the suggested 7-fold policy recommendations.
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I. INTRODUCTION

Infant mortality refers to the death of a child during the first year of life (Hanmer & White, 2003). The majority of infant
deaths happen in low and middle income countries (NISR, 2017).Several studies have shown that 10-20% of infants die before
their first birthday and black infants are at a higher risk of dying when compared with the white infants (UNICEF, 2009). The
majority of infant deaths are as a result of cultural, maternal, infant, proximity and delivery factors ( Lamichhane et al,
2017;Sarkar & Dhar, 2017; Stevens et al, 2017;lssaka et al, 2016; Rezaei, 2015; Greenaway, 2012; Carlo , 2011; Bajanowski,
2007; NAP, 2007; Hunt & Hauck, 2006;Patel, 2000; It has been noted that the epidemiology of HIV, malaria, TB, war and civil
conflict aggravate the situation (UN, 2007). Rwanda has an estimated population of about 11.4million people (Gupta et al, 2018).
The country has made significant progress in improving child survival. The country recorded 37 neonatal and 152 under 5 deaths
per 1000 live births in 2005 and then 20 and 50 deaths per 1000 live births respectively in 2015 (NISR, 2015). This positive trend
was a result of the national introduction of community health insurance program, high vaccination coverage, Vitamin A
supplementation, integrated management of childhood illnesses, and prevention from mother to child transmission of HIV,
increase in institutional deliveries and improved communication between the community and healthcare facilities in cases of
emergency (Musafili et al, 2015; Mugeni et al, 2014; Farmer et al, 2013). Infant mortality ratio modeling and forecasting is vital
in evaluating progress towards achieving the sustainable development goal number 3. In this paper we apply the multilayer
perceptron to model and forecast infant mortality ratio in Rwanda. The applied model is composed of three layers of neurons
which are the input, hidden and output layers. The layers are connected by acyclic links called connection weights (Nyoni et al,
2020; Zhao et al, 2020; Kaushiki & Sahi, 2018; Yan et al, 2018, Fojnica et al, 2016; Zhang, 2003).The findings of this study will
reveal the future trends of infant mortality ration in Rwanda and will guide decision makers in implementing preventive and
corrective measures to significantly reduce infant mortality.

Il. LITERATURE REVIEW

Biracyaza & Habimana (2019) developed a model of infant mortality and its associated risk factors in Rwanda from 2011
to 2015.A cross-sectional survey was conducted using data from 2014/2015 Rwanda Demographic and Health Survey. Target
population was women aged 15-49 years from sampled households. All 492 of the clusters selected were surveyed for 2014/2015
RDHS. STATA version 13 was used to analyze the statistical data. The study concluded that factors associated with IM were
grouped into community, ecological, socio-economic and proximate factors and identified that each group consists of multifactor
that influence the infant mortality rate. Khurmi et al (2017) reviewed evidence-based interventions and coverage levels already
implemented in the country; identified key issues and bottlenecks in service delivery and uptake of services by
community/beneficiaries, and provided key recommendations aimed at faster reduction in newborn mortality rate. This study
utilized mixed method research including qualitative and quantitative analyses of various maternal and newborn health programs
implemented in the country. This included interviewing key stakeholders at each level, field visits and also interviewing
beneficiaries for assessment of uptake of services. Monitoring systems such as Health Management Information Systems (HMIS),
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maternal and newborn death audits were reviewed and data analyzed to aid these analyses. The study revealed that Policies,
protocols, various guidelines and tools for monitoring are already in place however, implementation of these remains a challenge
e.g. infection control practices to reduce deaths due to sepsis. Although existing staff are quite knowledgeable and are highly
motivated, however, shortage of health personnel especially doctors in an issue. New facilities are being operationalized e.g. at
Gisenyi, however, the existing facilities needs expansion. In another study, Musafili et al (2015) analyzed trends and social
differentials in mortality before the age of 5 years in Rwanda from 1990 to 2010.They performed secondary analyses of data from
three Demographic and Health Surveys conducted in 2000, 2005 and 2010 in Rwanda. These surveys included 34 790 children
born between 1990 and 2010 to women aged 15-49 years. The main outcome measures were neonatal mortality rates (NMR) and
under-5 mortality rates (USMR) over time, and in relation to mother’s educational level, urban or rural residence and household
wealth. Generalized linear mixed effects models and a mixed effects Cox model (frailty model) were used, with adjustments for

confounders and cluster sampling method. The study revealed that reductions in child mortality in Rwanda have concurred with
improved social equity in child survival. Current challenges include the prevention of newborn deaths.

1. METHODOLOGY

The Artificial Neural Network (ANN), which we intend to apply in this study; is a data processing system consisting
of a huge number of simple and highly interconnected processing elements resembling a biological neural system. It has the
capability of learning from any data-set to describe the nonlinear and interaction effects with great accuracy. No strict rules exist
for the determination of the ANN structure hence the study applies the popular ANN (12, 12, 1) model based on the hyperbolic
tangent activation function. This paper applies the Artificial Neural Network (ANN) approach in predicting infant mortality rates
in Rwanda.

Data Issues

This study is based on annual infant mortality rates in Rwanda for the period 1960 — 2020. The out-of-sample forecast
covers the period 2021 to 2030. Infact mortality rate, which is simply a proxy for infant deaths; for the purposes of this study, is
defined as the number of infants dying before reaching one year of age, per 1000 live births in a given year. All the data employed
in this paper was gathered from the World Bank.

IV. FINDINGS OF THE STUDY

ANN Model Summary

Table 1: ANN model summary

Variable

F

Observations

49 (After Adjusting Endpoints)

Neural Network Architecture:

Input Layer Neurons 12
Hidden Layer Neurons 12
Output Layer Neurons 1

Activation Function

Hyperbolic Tangent Function

Back Propagation Learning:

Learning Rate 0.005
Momentum 0.05
Criteria:

Error 0.030426
MSE 4.322804
MAE 1.429397
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Residual Analysis for the Applied Model
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Figure 1: Residual analysis
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Figure 2: In-sample forecast for the F series

Out-of-Sample Forecast for F: Actual and Forecasted Graph
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Figure 3: Out-of-sample forecast for F: actual and forecasted graph
Out-of-Sample Forecast for F: Forecasts only

Table 3: Tabulated out-of-sample forecasts

Year Forecasts
2021 24.8186
2022 24.4848
2023 24.0859
2024 23.8814
2025 23.7100
2026 23.5235
2027 23.3706
2028 23.2630
2029 23.1328
2030 23.0864

The main results of the study are shown in table 1. It is clear that the model is stable as confirmed by evaluation criterion as
well as the residual plot of the model shown in figure 1. It is projected that infant mortality in Rwanda is likely to remain around
23/1000 live births per annum over the next decade.

V. CONCLUSION AND POLICY RECOMMENDATIONS

Preventing infant mortality remains one of the main objectives of the health ministry in Rwanda. The government of Rwanda
remains committed to ending preventable deaths infants in the country. The study used annual data to analyze the trends of infant
mortality in Rwanda. The applied model is the ANN model. In order to make sure that infant mortality in the country significantly
declines, the government of Rwanda ought to consider the following policy suggestions:

i.  The Rwandan government should continue to encourage mothers to breast-feed their babies adequately.
ii.  Thereis need for all Rwandan child-bearing women to be vaccinated against common illnesses.

iii.  There is need to prevent birth defects in Rwanda.

iv. The government of Rwanda should address preterm birth, low birth-weight and their outcomes.

v.  The government of Rwanda should also ensure adequate access to pre-pregnancy and prenatal care.

vi. There is need to educate, especially, mothers on the importance of creating a safe infant sleep environment in Rwanda.
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Healthcare providers in Rwanda need to use newborn screening activities in order to detect hidden conditions.
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