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Introduction 
Infant mortality has been widely studied since the 1940s with formal record keeping starting 
in the 1960s. Studies show that most African countries experienced child mortality decline 
from the 1960's through to the 1980's. It later stalled in the 1990's owing to the HIV/AIDS 
epidemic [1]. At Agincourt, infant mortality has been increasing from the mid 1990's [2]. 
 
A mother's role in a child's upbringing and its well-being is very important. It is estimated [3] 
that 1 in 6 women dies, as a result of pregnancy or childbirth, in the poorest parts of the 
world. Even if maternal mortality is a rare event [3], in 2000 the maternal mortality ratio for 
sub-Saharan Africa was estimated to be 1000 per 100 000 live births [4].  
 
A study [5] reports that mother’s HIV/AIDS and death negatively affects infant survival and 
others in Agincourt show co-habitation with the mother and parental presence both contribute 
positively towards infant survival [6,7,8].  
 
This paper presents the results of a study influenced by [6, 7, 8] which sought to understand if 
there is a link between mother's presence and infant mortality. An extension of the study 
compared statistical findings with Mberi’s fitness orbit PhD work [9]. Comparison and 
experiences of the move from statistical analysis to fitness orbits are also presented. 

Agincourt Statistical Analysis and Findings 

Statistical Analysis 
Logistic regression in Event History Analysis is used for analysis. Variables besides maternal 
death and temporary out-migration included in the analysis are listed in the table below. 
Except for infant death and mother’s age at birth of the child, all variables are binary.  

Table 1 Dependent and independent variables used 

VARIABLES Dependent Independent  
Infant death  Yes 
Biological mother death Yes  
Biological mother  refugee status Yes  
Biological mother temporary out-migration Yes  
Younger sibling birth Yes  
Younger sibling death Yes  
Older sibling death Yes  
Biological mother’s age at birth Yes  
Infant age Yes  
 



Data used were from the Agincourt Health and Demographic Surveillance Site (HDSS) and 
span a ten year period from 1998 until 2008. Using STATA, logistic regression on the data 
was executed for two variations. The first was without unobserved heterogeneity and the 
second accounted for it. Unobserved heterogeneity (frailty) refers to characteristics that are 
unobservable which if neglected might affect the coefficient estimates. Both variations 
account for within subject correlation and bootstrapping ensures robust standard errors. 

The Findings: 
Sibling birth or death effects were two-fold. The first considers immediate effect within the 
year of occurrence and the second considers effects from the first year of occurrence until last 
year of infant observation. The results showed significant evidence that younger sibling and 
older sibling death improve childhood survival in the long term (trailing effect) as indicated 
in the output below.  
 
Table 2 Infant mortality effects 

 
 
Then the study also found that younger sibling birth in the long term, biological mother's 
death, refugee status, age (younger mothers less than 35 yrs) and childhood age contribute 
towards childhood death. It was also found that estimates are not biased when frailty is taken 
into account. 
  



Table 3 Frailty infant mortality effects 

 
 
From the output above, mother out-migration is insignificant while mother death is 
significant and the way they affect infant mortality differs. Mother death in Agincourt is rare 
and out-migration occurs frequently. Subsequently, these two variables are used in fitness 
orbit visualization. 

Fitness Orbits Analysis and Findings 
Two sets of data based each on three questions are constructed as follows: 
 
Table 4 Data sets with questions and their hypothesized coding 

Data Set 1 
Maternal Death 

Data Set 2 
Maternal Out-Migration 

Code ( 0=Unfit/1=Fit) 

Q0:  Infant Death Q0:  Infant Death Yes=0 
Q1:  Mother refugee status Q1:  Mother refugee status Refugee=Yes=0 
Q2:  Mother death Q2:  Mother out-migration Both Yes=0 
 
A random sample of 5000 infants was taken from each data set and the fitness orbits 
algorithm was executed on each. The resulting fitness orbits plotted for maternal death shows 
that mother death and infant death occur concurrently and there were very few such events. 
This was contrary to the expectation that mother death will visually precede infant death. 
This revelation merited a re-visit of the statistical analysis and re-look at the data.  
 
It turns out that the visual orbits were reflecting the fact that maternal mortality is rare in 
Agincourt and is concurrent with infant mortality. It was decided that the data later be 
expanded with dates of maternal and infant death for further analysis to visualise possible 
causality. This means that fitness orbits form a precondition to the statistical analysis. The 
data sets are further divided into dying and surviving infants for separate analyses. 



 
Secondly, the data set was visually divided into two subgroups by mother refugee status. 
Transitions for refugees were and for South Africans were clearly separated. No transitions 
from refugee to South African or vice versa were noted. Thus fitness orbit analysis 
automatically clusters data. 
 
Lastly, to determine if the plotted fitness orbits will yield the same conclusion as the 
statistical analysis, ratios are used. The following table illustrates how: 
 
Table 5 Ratio calculations 

Mother not out-migrating Mother out-migrating 
Number of Infant deaths = A Number of Infant deaths = C 
Number of surviving infants= B Number of surviving infants= D 
Ratio  
AA=A/B BB=C/D 
 
‘AA’ < 1 and ‘BB’ > 1 forms a conclusion that  out-migration positively affects infant death. 
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