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Abstract 

Child health stat liS is an important determinant of adult productivities and earnings; thus 

it represents an important channel of intergenerational socioeconomic mobility. It is also 

recognized that health is a variable inherently unobservable and if observed has many 

measurement errors. This thesis used the special case of structural equation lIIodels with latent 

variables known as the Multiple Indicators and Multiple Causes (MIMIC) to investigate the 

determinants of child health and avoid the problem of health unobservability by using three 

indicators. The source of the data is the Young Lives Project 's household survey. The novelty of 

the empirical analysis is the simultaneous estimation of equations for both permanent and 

transitory health using cross-sectional designs. The results of this paper show that parental 

education, household size, safe drinking water source of the household, household overall 

economic status and vaccination availability are among the important determinants of both 

permanent and transitOfY child health. The study also showed that Ihere is strong correlation 

between transilolY and permanent child heallh in that a good permanent health state determines 

the transitory health state significantly. The study finally concluded that any policy measure 

tOlVards improving the health status of children has to take in to account the above mentioned 

factors as target variables. 

Keywords: Correlates, Child !-Iealth, Ethiopia, TransitOfY, Permanent, Structural 

Equation iv/odeting (SE1W), MIMIC kiodel 



Chapter I 

1. Illtroduction 

1.1 Illtroduction lind Backgroulld 

Childhood is a critical period of development in life. Poor hea lth during th is peri od may 

cause se ri ous damages all throughout the life cycle. It is obse rved that usually poor children 

grow up to be a poor adult in that they pass on their povelty to their children. This 

intergenerationa l transfer of economic status starts as early as childhood (Case el aI. , 2002; 

Currie and Moreti, 2003; Currie and Stablie, 2003), or in the uterus (Almond, 2005 ; Case el 

al., 2005). To break this vicious cycle, chi ldren must be provided with the appropriate food, 

shelter, hea lth care, education, other public services and they must have a voice in the 

com munity (UNICEF, 2005). 

Accord ing to Behnnan and Deolalikar ( 1988) health and nutri tion may be channels through 

which productiv ity and distributional goals of developing soc ieties may be pursued 

effectively if, as often hypothesized, the productivity of low income persons in work and 

human capital format ion is pos itive ly affected by health and nutrition. Thus, a sensible 

deve lopmental policy of any country must obviously aim at providing for a leve l of calorie 

intake that will permit the full productivity and work output from its labor force , and a level 

of growth and deve lopment for its children that represents the fullest express ion of their 

genetic potentia l. 

Child health has become a key indicator of economic development. Among the eight 

Millen iul11 Development Goals (MDGs) that were adopted by the 189 mem bers of the United 

Nati ons (UN) in 2000, at least four are directly related to ch ild health or nutritional status 
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(Todaro and Smith, 2005).1 In addition to be ing a development indicator itse lf, ch ild hea lth is 

a lso cl ose ly assoc iated with othcr deve lopment indicators, such as adu lt hcalt h, cducationa l 

attain mcn t, productivity, and income (Curri e and Hyson, 1999; Curri e and Madrian, 1999; 

Persico el al., 2004; Case el al" 2002, 2005; Behrman and Rosenzwcing, 2004). Dcspi te its 

im portance , howeve r, little is known abou t the causes of good or poor child health (Yuyu and 

Hongbin, 2009). 

However, in most cases child ren are neglected in deve lopment planning or seen as spec ial 

cases and thereby ' tagged ' on the deve lopment agenda (Harper el ai, 2003). As diversity 

exists at all levels of society, policy processes have to be adopted to tackle differences, 

children whi lst diverse with in the group, cannot be labe led as special group, not least 

because they comprise almost half of the world 's population and their interests are 

inextricably linked with those of the adults (Harper and Marcus, 1999/00). This has been 

recognized to some extent in policy where the we lfare of children is highly linked to the 

welfare of adults and the communities in which they live. 

The health status of children has been gIven greater concern recently-for poor health in 

childhood has so many implications. For example, temporary shortfa lls in health or nutrition 

can have lasting and irreversible effects when they occur dming childhood, a period of 

significant development (Jensen and Ri chter, 200 1). It is argued that hea lth inves tment may 

be one channel through which poverty and disadvan tage are transmittcd across generations, 

as children of poor parcnts rece ive less hea lth investments, which in turn may reduce future 

ea rning capac ity. 

' These four goals are to reduce chi ld mortal ity, improve the mother' s health, combat diseases such as A IDS and 
Malaria, and erad icate hunger. 
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Othcr studies (Case el a/, 2002) indicated that in addition to the direct welfare and tinancial 

costs of illness , poor childhood hea lth re sults in lowcr levels of human capital accumulation. 

Because, less hca lthy children spend more days in bcd and miss more school they may havc 

no further opportunitics to learn kcy sk ill s and knowledge fo r thc future (G lewwe, Jacoby and 

king, 200 1). 

In general, results ti·OITI the literature show the importance of adequate health for children and 

therefore the determinants behind these outcomes must be understood. 

Most of the measurements used to capture thi s health status of chi ldren, however, are 

problematic for two reasons at least at this stage. First, it is multidimensional; second, 

measurement error in health is likely to be related to income and labor market outcomes 

(Strauss and Thomas, 1998). As a result, anthropometric measurements are used as gencral 

indicators of short term and long tenn health . outcomes in most of the literature (see for 

example Behrman and Deolalikar, 1988; Senaur and Gharcia, 1991; Strauss and Thomas, 

1995; Glewwe, 1999; Schultz, 2002; Tirfe, 2006; Ayalew, 2006) 

This paper hence explored factors detennining child health in Ethiopia and estimated a special 

case of structural equation models known as Multiple Indicators-Multiple Causes (MIMIC) 

models. The model is estimated with a computer package known as LISREL (Linear 

Structural Relations) . Using the same methodology Wolfe and Behrman (1984), Joreskog and 

Sorbom (1989), Kiisk inen (2003), Shehzad (2004, 2006» , and showed how the issue of health 

unobservabili ty can best be captured by employing MIMIC models in which unobserved 

(latent) variables are caused by several obscrved factors and indicatcd by several observed 

indicators. 



1.2 Statement of the problem 

It is now wide ly acknowledged that higher investmcnt in human capital such as health of 

ch ildrcn may not onl y im prove the ir current wc lfare but also cnhance their opportunit ies for 

escap ing ti·om poverty as adults. Im proved hea lth improves the menta l and phys ica l 

capabi lities o f children and thereby their future earning capac ity. In a wider context thi s may 

mean contributing to the potentials of the economic growth and poverty reduction efforts of a 

given country li ke Ethiopia. 

More generally, improvi ng poor hea lth status and hence reducing child poverty is a key goal 

of most developing countries. A number of studies have docLUnented the wide range of 

adverse economic and social consequences of child pove rty. For instance, malnutrition during 

infancy and childhood substantially raises vu lnerability to infection and disease and increases 

the risk of premature death. It is also believed . to impair cognitive achievement, labor 

productivity during adulthood, and lifetime earnings (Glewwe, Jacoby, and King, 200 1; 

Glewwe and King, 2001). Thus, combating child malnutrition and hence poor early 

childhood health is of central importance to the econom ic and social welfare of countries. 

For countries to engage 10 activities that improve child health with the right set of 

intcrventions, their policy makers need to have a better understanding of its economic, soc ial, 

and po li cy correlates. Whilc there have been several studies that have analyzed the 

soc ioeconomic co rrelates of child health as indicated by va nous indicators such as in fa nt 

mOl1ali ty and malnutrition, they suffer from two major li mitations. 

First, they do not focus enough on di rect and indirect poli cy interventions, such as improved 

infrastructurc , that could have as large effects on ch ildhood health as direc t individual, 

houschold and community characteristics. Second and most importantly, previous studies 
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have almost exclusive ly concerned thcm sel vcs with est imating the mean eftect of variables 

such as a child 's sex, the schoo ling of its mother, and househo ld income. Such estimates miss 

a point that is crucial for policy makcrs - viz. , that soc ioeconom ic background va riables and 

po licy interve ntions may affect chi ld hea lth. [n an effort to identify the co rrelates of ea rl y 

childhood heal th, thi s study has given due emphas is to the identifi cat ion of policy variables 

that sign iticantly affect child health. 

Moreover, theoreti cal and empirical work relating to child health identities various problems 

in health measurement that are not taken in to account in previous studies, these broadly 

include: 

(i) unobservability of hea lth status 

(ii) problem of differentiating between different health states and 

(iii) if health is measured through various indicators then the problem of 

measuring these inherently imperfect health indicators. 

Behrman and Deolalikar (1988) examine that "problems relating to health measurement are 

manifold and often result in certain controversies and ambiguities in the literature". 

Grossman (1972) presents a model of health determination in which health is seen as a 

durable capital stock that depreciates ovel1ime. However, Grossman also shows that "the 

stock of health .. is a theoretical concept, one that is difjicultto quantify empirically". 

Studies by Behrman and Wolfe (1987), Van Doors laer (1987), and Wagstaff (1993) ident ify 

problems of unobse rvability and suggest ways to so lve them. The studies suggest using latent 

variables to overcome unobservability and employ micro-representations of hea lth status. 

Behrman and Deolalikar ( 1988) argue that due to the imperfec t nature of indicators, a number 
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of indicators should be used to illustrate heal th. Hence, this paper is believed to ti ll this gap in 

the Et hiop ian case. Van Doors laer ( 1987) tried to di stingui sh between Grossman's stocks and 

!low concepts of hea lth at the empirical level. However, hi s re sult s relati ng to transitory 

hea lth we re pecu liar: the coe fti cients o f dctenninants were mostly o f the opposite signs 

cas ting doubt on the relat ionship between different hea lth states. 

Most empirical research re lated to hea lth meas urement has therefore, been constrained by the 

issue of unobservabil ity of health status and appropriate estimation techniques. This study 

addressed the complex issue of child health measurement and used latent variables to 

ove rcome health unobseravbility and hence fills the gap. To take care of the imperfect nature 

of health indicators, a standardized reference has been used for multiple health indicators. 

The following specific issues have been addressed: Child health is unobservable but can be 

represented by several observed health indicators and different observed health indicators 

represent different underlying health states. 

[n this paper, a structural equation model of determinants of chi ld health will be developed by 

using the Young Lives one year old children since this is the period when ch ildren are most 

vulnerable to di sease and malnutrition. The approach of th is study in dea ling explicit ly with 

the determ inants of child hea lth status is in the spirit of van de Yen and va n der Gaag ( 1982); 

Wolfe and Behrman ( 1984); Joreskog and SOI·bom ( 1989); Ki iskinen (2003); Shchzad (2004, 

2006); and Giu ffrida el al (2005). We treat transitory and permanent child hea lth stat us as 

unobservable latent variables that are determined sim ultaneous ly. Identification of the 

socioeconomic and policy determinants of child health has been made poss ible by estimating 

the special case of structural equation modeling, i. e. Multiple Indicators and Multip le Causes 

(MIM[C) mouel. 
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The specitica ti on of thc mode l fo llowed the static theore tica l fram cwork. The usc o f cross­

sec tional analys is docs not utili ze the full capacity of data at hand, but is seen as an important 

lirst step in thi s type o f analys is for two reasons: 

I . Most sim ilar studies publ ished earl ie r have used cross-sectiona l and hence it a llows a 

broader compari son o f the results. 

2 . Including the determinants of both transitory and permanent health in the system makes it 

more complex than any previous studies . Coupled with multiple measurements for some key 

variables it is feasible to test the model before adding complexity by introducing dynamic 

aspects to the analysis. 
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1.3 Obj ectives o/tlte Study 

In gene ral, the o bjec ti ve o f thi s resea rch is identify ing the important fac tors behind poor carly 

c hildhood hca lth in Ethiop ia with duc emphasis to ident ify ing thc policy variab les by 

introducing a new type o f measuring health with multiple ind icators. 

S pecifi ca lly, the objectives of the paper are; 

(i) Identifying the correlates of early childhood health by making di sti nction between 

transitory and permanent health fo llowing Grossman' s (1972) concept of health 

slack andflaw. 

(ii) Identifying link between the children 's temporary and permanent health status; 

(iii) Identifying policy interventions effective in reducing poor chi ld hea lth status. 

In order to achieve the set obj ectives, the study employed Stmctural Equation Mode ls with . 

latent variable whose special case of Multiple Indicator Multiple Causes (MIMIC) with single 

and two la tent variables is applied. 

1.4 Significance o/the study 

Most of the studies in the area of ch ild health in Ethiopia lack agreement about the relati ve 

importance of factors. However, in addition to thi s di sagreement of results, the problem of 

ea rl y childhood poor health has not been we ll represented/measured and as a result the 

ident ificatio n of factors was extremely dependent up on the ind icators used in the pa rti cular 

study. Thi s fac t has been confirmed by theoreti cal and empiri ca l wo rk relating to child hea lth 

that identified various prob lems in health measurement that are not taken it to account in 

previous studies including most importantl y unobserva bility of hea lth status. 
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To my knowledge , the methodology used in th is pape r is less uti li zed in the hea lth literature 

espec ia lly in the Afri ca n context. Hence, th is paper is believed to fi ll th is gap. From the 

structura l equat ion model ing this paper ap plied the spec ial case o f Multip le Indica tors and 

M Ul tip le Causc (M IM IC) and estimated it with Ll SRE L2 so ft wa re package . 

Ho weve r, LlSREL modeling is still beli eved to be very complex and not quite o ften taken up 

by researche rs. Thi s study is, there fore, a break through to this complex type of analysis and 

is believed to be the stepping stone to the broader aspect of health through this modeling 

strategy that has been successfilll y breaking the backbone of most pro blems in economic 

measurement. 

1. 5 Limitation of the Study 

T his research is entirely dependent upon quantitative data. As a result it was difficult to give 

more sensible explanations for some less-intuitive results that came up, and this limited the 

analysis which could have been poss ible had there been qual itative info rmation 

supplementing the research. 

Moreover, although the se lected MIMIC model s are congru ent with the data, and plausible, they 

remain one set of many potential plausible MIMIC models that have not been tested. 

Nonetheless, the selected models are informati ve about the determ inants of chil d hea lth . In 

summary, models could be improved if data were co llectcd spec ifica ll y to conduct MIMIC 

models, and the inform ati on provided wo uld be enhanced if further waves of data we re app li ed. 

~ See append ix B for more about the so ftware. 

9 



1.6 Organization o/the study 

The papcr is orga ni zed as fo llows. The thes is consists of tive ma1l1 chapters . Chapter 2 

provides a comprehens ive rev iew o f the ex isting literature on health and ch ild health mode ls 

and cmpirical studies o f determinants of child hea lth in Ethiopia and the rest of the world. 

The review is used to se t out three "study questions" fo r the thesis to address. Thcse relate to 

the determinants that are in play in influencing child health; the re lationship between 

te mporary and permanent child health, and the effective policy too ls in reducing poor health 

state of children. Chapter 3 briefly specifies the methodology and the model which the later 

empirical analysis will be based upon. Chapter 4 presents empirical analysis of cross­

sectional model. The summary, conclusions and policy implications are summari zed in 

Chapter 5. 
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CHAPTER 1I 

Review of Related Literature 

2.1 Conceptual Framework and l}1leaSlIrel11ent: in light of child health 

[n almost all of the literature related to child health the measurements used are directly 

related or same as the measurements used for malnutrition, that are the anthropometric 

measures. The word 'anthropometry' is generally meant to represent the measure of people ' s 

growth indicators such as weights and heights (related to their age and sex). It is used for 

growth assessment and is believed to be a single best measurement that defines the 

health/nutritional status of a chi ld (Ayalew, 2006). However, the concept of health is 

multid imensional and all·around such that it is an outcome of complex interactions of social, 

economic, cultural and political factors. The multidimensionality has led to the difficulty of 

providing a commonly acceptable and unambiguous measure of health. 

According to Blackman and Litchfield (200 I), child health goes to cover issues of child 

poverty. Chi ld health should therefore be measured by making use of indicators on different 

dimensions of welfare. Being in an ill state of health cannot explain everything. Increased 

morbidity and mortality from illness; inadequate housing and homelessness; unsafe 

environment ; social discrimination and exclusion; and lack of pal1icipation in decision 

mak ing in civil , social and cu ltural life have been taken as among the various manifestations 

of lower health status. 
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2.2 Theoretical Literature 

[t is essential to have a theoretical fram elVork for the determinants of hcalth in order to 

ana lyze the var iablcs in an orga ni zed manner and to be able to interp rct empirical studies 

(Behrman and Dcolali kar (1988). In other words, for examining the determinants of child 

health it is important to see how decisions of households affect child health for give n 

household assets and community endowments in a theoretical framework (S hehzad, 2004; 

2006). From the Grossman's (1972) model with modification to children context, parents 

derive utility 'from good child health and ill·health. In this framework, utility from health is 

maximized under two set of constraints that are 

(i) Resource constraint and 

(ii) Production function constraint. 

The production function for health is a technical relationship and shows that health output is 

produced with the help of certain inputs . 

According to Grossman (1972), the argument of the gross investment production function 

includes medical care, time input and education. However, Behrman and Deola likar (\988) 

examine that it is important to realize that our knowledge of the technical relations 

detennining health is quite primitive. This is because health output may be greater if 

productivity is greater in a production function context. 

The literature on hea lth and child health revca ls that three types of relationships can be 

identi fied as stated in Shehzad (2004, 2006): demand function, health production function and 

hybrid functions . The analysis of Behrman and Deolalikar (1988) examincd however, that the 

reduced form demand relations do not provide much in fo lmation about the structural 

coefficicnts (e.g education, time inputs, birth control effects, ctc.) , but provide a consistent 
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framework within \Vhich to cxamine the impact of changes in markct priccs and endowments 

on hea lth. 

In this particular paper an estimate was provided with a mixcd demand-production function 

for child health in Ethiopia. This is because ch ild health is assumed to be determined by some 

inputs from the structura l production function (s uch as fami ly size and medica l care) and some 

variables trom the reduced form demand re lations such as income as represented by the wealth 

index and household quality as indicated by the household quality index. 

The United Nations Children's Fund ' s framework for the causes of child malnutrition 

(UNICEF, 1998) and the subsequent extended model of care can also be used contextua lizing 

them to health as a conceptual framework guiding the empirical analysis. This is because it 

presents a useful generalized understanding of how child health are the outcomes of a multi­

sectoral development problem that ean be most effectively analyzed in terms of immediate, 

underlying and basic causes. The framework also showed that these determinants are 

determined by other basic detelminants such as available resource of a country which are in 

turn affected by political and social factors (Smith and Haddad, 2000). 
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2.3 Empirical Literature 

2.3.1 Determinants of Child Health: a review o/stllilies ji'oilltlie rest oJtlie world 

Health in gcneral is o f intcrest to econom ists, tirst because it is an important elemcnt of 

we llbeing, and second because it is a component of human capital, and as such is o f major 

importance for growth and development. In poor countries, where phys ica l jobs tend to be 

more abundant, health may be more important than educati on in determining labor 

productivity (Kimhi, 2002). 

The literature on hea lth and economic development has been surveyed by Behrman and 

Deolalikar (1988), and more recently by Strauss and Thomas (1998). There is a sizeable body 

of empirical evidence showing that health is determined by family deci sions. Studies have 

also shown that health is directly affec ted by nutritional intakes, while nutritional intakes are 

clearly affected by factors buth outs ide and within the famil y. Jensen and Richter (200 1) 

show that infant health is determined by maternal behavior. This behavior, however, seems to 

respond in turn to unantic ipated health outcomes among children as we ll as to persistent 

health factors . Strauss (1990), and Thomas and Strauss (1992) show that hea lth depends on 

the source of drinking water. 

Most of these studies use anthropometric measures as proXIeS for hea lth status. These are 

objecti ve indicators, based on actual mcasurement of ce rtain body properties such as height 

and we ight, as briefl y discussed in sect ion 2.1. [n deve lopi ng countries, these re fl ect thc 

inte raction of nutrition and envi ronmental va ri ables such as infection. Several studies use 

se lf-rep0I1ed indicators of health status, such as days ill and the ability to perform Activ ities 

of Daily Living (ADL). Whi le day' s ill may suffer from reporting errors, ADL-based 
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measures are known to be valid and reliable. Wolfe and Behrman ( 1984) us ing simi lar 

methodology as thi s paper treated health status as a latent va riable and est imated a system of 

eq uations including hea lth status, household wea lth and health care utili zation. Alde rman and 

Garcia ( 1994) show that health indicators affect nutritional status, while other studies have 

shown that nutritional status affects days ilL Both use instrumenta l variables because both 

health and nutritional status are determined endogenously. 

Most studies reported that ch ild characteristics such as age, sex and birth order are important 

determinants. Some of them found that chi ld height for age and we ight for age vary 

substantially with age whereby poor health/malnutrition rises with age in the first two years 

and levels off later (See Strauss, 1990; Glewwe, 1999; Ayalew, 2006). The above results did 

not find strong evidence of gender discriminations against females. In fact Salm and Stifel 

(2002), Barrera (1990), Senaur and Garcia (1991) found girls achieving better outcomes than 

boys. 

Parental and household characteristics such as parental age, education level, health 

knowledge, height, household size, household resources, etc are all important in child health 

outcomes. Specifically, most of the studies reported maternal education to have a positive and 

significant effect on child hea lth/nutrition (See Barrera, 1990; Thomas el aI., 1990a; Senaur 

and Garcia, 1991; Escobal, 2005). 

However, there is a controversy over th is result in that Straus ( 1990) found that the effect of 

both mother's education and father's education are non linear and the impact was found 

negligible but maternal education was found to have a greater effect than fathers . Aldelman 
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(1990) on the othe r hand , showed that education of the fathe r has negative intlucnce while the 

positive in fluence was not significant sugges ting the low quality of educat ion lo r women. 

Stud ies such as Barrera (1990), Thomas el al. (1990 b) Escoba l el al. (2005) tried to see the 

ro le of maternal schooling and its interaction with public health programs in child health 

production and found sign ificant relationsh ip. 

Ho usehold wealth such as income and household durables are believed to be one of the 

important factors in the production of child health . Nevertheless there is lack of consistency 

across studies over the significance of these variables. For instance, Thomas el al. (1990b) 

found total income to have a positive and significant effect on child height. However, on the 

contrary, as food availability is being one of household resources, both Alderman (1990) and 

Maxwell el al. (2000) did not find it to be a significant determinant rather they found female 

education as a substitute for income. 

Since the number of household members has a serious implication in both the household 

resource share and in creating congestion effects on the chi ld health status, it is a very 

important determinant. Senaur and Garcia ( 1991) found it to have a significant positive 

impact on height of children. The authors argued that thi s cou ld be because household full 

income is a funct ion of wage rates and the number of economically active family members . 

On the contrary, higher household size could al so affect the hea lth status of ch ildren by 

creating congestion effec t and easy transmiss ion of communicable di sease throughout the 

family and hence lower child health status (see Alderman, 1990 and Shehzad, 2006). 
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With regards to the impact of community characteristics or environmcnt, Attanas io el at 

(2005) used an estimat ion of regression usi ng O LS and 2S LS, and fo und that hav ing a 

hospital in the communi ty im provcs chi ldren height. On the other hand, s imilar to that o f 

Escobal el at (2005) and Barrera ( 1990) the coverage of the pipcd water network pos itive ly 

inJ:l uences child hea lth if the parents have some educati on. 

2.3.2 Determinants of Child Health: in Ethiopia 

The preva lence of poor child hea lth in Ethiopia has been and is still ve ry high for many years. 

As part of Welfare Monitoring Survey, the Centra l Statistics Authority of Ethiopia is 

pe riodically prov iding data on health status of children as indicated by nutri tional status every 

two years since 1996. According to thc Welfare Monitoring Survey of 2004 report, about 

10.4 million children between the ages of 3-59 months are considered for anthropometric 

measurements. The results of successive surveys indicated that over time there is a 

tremendous decrease in the rate of malnutrition measured by percentage of stunting and 

underweight throughout the country. 

In Ethiopia va rious studies have shown that the child characteri stics including the age, gender 

and birth order are very important determinants of child health in some as indicated by child 

malnutrition (See Alemu el al., 2005a, Tekie el al. , 2003 Tassew el al. , 2008). The Studies by 

Woldemariam and Timotious (2002); Alemu el al. (2005a) concl uded that the probability o f a 

chi ld bei ng underweight or stunted increases signifi cantl y as the child ge ts older. However, 

Chri sti aensen and A lderman' s (2001 ) study found that a child 's standardi zed height 

deteriorates up to the age of three, and slightly im proves afterwards. A lemu el al. (2005b) 

using the You ng Li ves sample o f eight year old children found that children have higher 

we ight-for-height with the rate o f increase decreas ing as chi ldren grow older. 
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S tudies by Bili suma (2004), Aya lcw (2006), Christ iae nsen and Alderman's (2001 ) and 

A lcmu el at. (2005 b) among others have shown that boys are indicated to be more vulncrable 

to ill health/malnutrition than girl s. Among other j ustifications, Alemu el al. (2005a) argue 

tha t it could be due to geneti c differences between male and female children and duc to girl 's 

greate r access to food through their gender-ascri bed role in contri buting to food prcparat ion. 

As opposed to this Silva (2005) did not find the coefficient on child 's gender to be significant 

suggesting the absence of gender bias. 

Ale mu et al. (2005a) usmg the Young Lives children did not find birth order to be a 

significant determinant of malnutrition, a resul t at odds with that of Woldemariam and 

Timotios (2002). 

In a typical developing country like Ethiopia, parental education is expected to improve the 

health status of children for reasons that higher level of education is associated with higher 

job opportunity and thereby higher income availability to the household and greater 

utili zation of available health care servi ces and better health promoting behaviors. However, 

findings show that the impact and dircction of parental schooling on the dctermination of 

health status of children in Ethiopia is inconclusive. 

Female 's education has been found to be signi ficantly assoc iated with better hea lth status in 

some studies such as Woldemariam and T imotios (2002), Alemu et a l. (2005b) and Silva 

(2005) while both mother's education and father'S education were fou nd to be sign ificantly 

associated with better nutrition status in Christiaensen and Alderman's (200 1) stud y 

conducted using the three consecutivc welfare monitoring surveys . As opposed to thi s a study 
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by Alemu et a!. , (:Z005a) reported that there is a negative relationship between the education 

level o f parents and child hea lth . 

Bilisuma (2004) estimated the determinants of child stunting in Ethiopia using both OLS and 

probit models. The probit result shows that primary and university level educati on of head o f 

the household do have a s ign ificant positive impact on the probability of children being 

stunted. She al so showed that having a secondary leve l of education decreases the chance of a 

child being stunted and it is significant. 

In the Ethiopian chi ld health literature also there is a contradictory result on the impact of 

household size on chi ld health. Christiansen and Alderman (200 I) found a result that reported 

a positive relationship while Sentayehu (2004) reported otherwise. 

Most of the studies in Ethiopia found the significance of the importance of household wealth 

in determining the child health/nutrition (Alemu e/ 01., 2005b; Bilisuma, 2004; Christiansen 

and Alderman, 200 I). On the other hand, children in those households that had a food 

shortage are found to be affected (Dercon and Hoddinot, 2003; Alemu e/ 01. (2005a) though 

the direction and magnitude differs across different age and gender groups. 

It is expected that thc community characteristics in which the household is living in matters 

significantly in determining the health status of children. Cons istent with expectations Silva 

(2005) found that household 's own access to watc r and sanitation have negative coefficients. 

However, Si lva (2005) emphasized that the external impact of access to water and sanitation 

facilities diminishes as the proportion o f households in the community with access to water 

and sanitation increases. Possess ions of a tap and a flush toilet have heen found to have a 
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positive effcct on child height in Chri stiansen and Alderman (200 I). Howeve r, access to 

other sources of drinking water was not found to pos itive ly affect children· s he ight (see also 

Wolclcmariam and Timotios, 2002, and Alcmu el al., 2005a). 

2.4 Latent Variables 

It is impossible to date the first use of latent variables (Bo llen, 2002). The idea that 

observab le phenomena are influenced by underlyi ng and unobserved cause is at least as old 

as religion, where unseen forces affect real world events. In the more secular sphere of 

everyday living, latent variables find wide applications. From the response to "how are you 

feeling today?" to the description of a worker as "efficient" or a student as "bright" such 

abstract elude direct measurement. These examples illustrate the common practice among 

humans to explain, to understand, and to sometimes predict events based on the role of 

concepts that are not directly observable. 

Thus many of the phenomenon that we wish to explain are either measured with error or not 

directly measurable in economics and psychology (Weeks, 2001). Other examples include 

intelligence, education, heal th and institutional change. Perhaps the most prevalent example 

in economics is based upon Friedman 's (1957) (as cited in Weeks (200 1) permanent income 

hypothesis where there is no directly observable measure of permanent income. In practice, 

the ex istence of true measurements fo r theoretical counterparts is the exception to the rule . 

Structural timc serics models that can handle unobserved components such as the bus iness 

cyc le, seasonality and trend has been de veloped by Harvey ( 198 1) in time series analysis. 

More recently econom ists have analyzed the extent to which monetary po licy is 

endogenously determined. However, given that there is no single measurable quantity which 
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re presents monetary poli cy, studies suc h as Avery (1 979) have used a model specification 

w here it assumed that monetary policy is rep resented by a single latent vari ab le, and that 

policy is man ifest in the behav iour o f a sct of indica tors. In Lahi ri ( 1976) the author examines 

the impact of the Fisher effec t of inllationary expec tations on the nominal interest rate, where 

the unobserved price expectations variab les is modeled using a structural equations ap proach. 

Casual models which incorporate latent variables have been utilized in several empirical 

studies; among others include Hauser ( 1972), Wolfe and Behrman (1984), Shehzad, (2004 

and 2006) , Gi uffrida e/ ai, (2005), Andreas and Fredrieeh (2008) and Christian and Manasa 

(2009). 

Latent variables can have differe nt definitions at different occaSlOns and situations. To 

mention some there can be informal definitions, local independence definition, expected 

value definition, nondeterministic function of observed variables definition and sample 

realization definition3 In statistical models we can come across with different latent variables 

including regression disturbances as latent vari ables, latent variables in Limited-Dependent 

Variables models, latent variables in factor analysis, latent curve models, item response 

theory, latent class analysis and finall y in structural equation modeling with latent variables 

which is the main point of application for this thesis4 

The parti cular modeling strategy that is di scussed in this paper has been extensively used in 

psychometrics and more recently in econometrics. It is founded up on the specificatio n of a 

system of equat ions which specify the relationship between a set of unobservable latent 

3 For detaits about the definit ions please see Bollen (2002) 
·1 See Bollen for further discussions about the various late nt vari ables propert ies under variolls circull1slallces in 
stat istical models 
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variables, a sc t of observable cndogenous indicators, and a set of observable cxogcnous 

variab les. This approac h bui lds up on thc early work of Joreskog and Go ldbc rger ( 1975) and 

Ze llne r ( 1970), and has been fo rmali zed in the LfSREL; model of a sc t of linear structura l 

equations . The modeling is presented in section 3.1 and 3.2. 

2.5 Overview o/structural equation modeling with Latent Variable 

When analyzing the determinant of health, there are two main reasons why Structural 

Equation Models (SEM) with latent variables have recentl y been preferred to single equation 

models with a s ingle health indicator as dependent variable. SEM enables a researcher to test 

a set of regression equations simultaneous ly. Thus, the main advantage of SEM is to 

construct a model that combines the determinants of diffe rent health states . Us ing thi s 

approach, one can consider simultaneously both the direct and indirect effects of variables 

suc h as income, age or education. For example, in the analys is of permanent and transitory 

health status it is imp0l1ant to separate the direct effect of some key variables from their 

indirect effect. However, it is not possible to disentangle these factors in a single equation 

model in wh ich the reduced form parameters include both the direct and indirect effects. In 

addition, the central concept of health is inherently unobservablc. T reating this facto r as 

latent variable allows the inclusion of a variety of indicators that are partial measure of the 

underlying latent unobservable vari ables (Giuffrida et ai, 2005). 

Manning et al. (1982) showed that using multidimensional hea lth sta tus measures rather than 

a single item measure (e.g . self-assessed hea lth status) increases the prec ision of the 

est imation s ign ificant ly. The main techniques used to estimate structura l equation models 

with latent variab les are the linea r structura l re lationship (U SREL) model deve loped by 

5 LI SREL is an acronym for LInear S'rlfe/llral REL ation 
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Jbreskog and Sorbon (1 987) . [n thc health econom ics literature there are numerous 

applications of Ll SREL methodology. 

The majority o f studics that used LlSREL methodology adopted the Multip le Causcs-

Mul tip[c Ind icators (MIMIC) model , which is a spccia[ case of LlSREL with only one latent 

va riabk - health status and the other extensions. Robinson and Ferrara (1977) we re the first 

to use this approach. They presented a ranking of the 50 US states for 1969 based on a 

"health index" estimated by a MIMIC modeL Wolfe and Van der Gaag ' s (1981) study is one 

of the first published papers that used individual lcvel data. They used data on children from 

the 1975 Rochester Community Child Health Survey to construct a MIMIC model of health 

status and health care utilization. Several other studies employed thi s methodology. For 

example, Wagstaff (1986; 1993) estimated empirical spec ifications of the Grossman 's (1972) 

health production model using data from Denmark. Giuffrida et ai, (2005) have also 

estimated a Structmal Equation Modeling with three latent variables (health status, household 

wealth and health care utilization) using Brazilian househo ld data 

I-Hikkinen (1991) estimated a MIMIC model of health and health care utilization using survey 

data from Finland. Among studies that a llowed for more latent variables, we have van de Ven 

and Van der Gaag (1982), who estimated a SEM where both health status and income we re 

latent unobservable variables using a hea lth care survey carried out in The Tetherlands. They 

found that the two variab les had a mutual, positive impact and that age and educat ion had 

important impacts on health status. Ersland e/ at. ( 1995) estimated the impact of 

env ironmental pollution on hea lth status and health care uti liza tion treating both variables as 

latent. The model was est imated using data taken from the German socio-economic pane l an9/ : 
' . 

/

,1.,,: 
the quality of the environment turned out to be an important determinant of hea lth status . .',. 

f /:0- ~;:./ 
'~ . ' .f2/ 23 

,... ' - j 

(I~~ '.,/ 

~ 



However, the re a re few hea lth ap plica tions of Structural Equat ion Mode ling in developing 

co untri es and does not exist in Africa . Behrman and Wol fe ( 1984) ana lyzed hea lth status and 

health care util ization of women and children in N icaragua using data co llected in 1977-78. 

The authors expressed do ubts on the pos itive effec t of maternal schooling on children health 

and nutrition. They al so concluded that several importa nt characteristics that are usually 

assoc iated with deve lopment had no or had negative assoc iations with women' s health: 

women' s schooling, household resources and women's labor force participation. Shehzad 

(2006) used MIMIC models to identify the dete rminants of child hea lth status and fo und 

sig nificant impact of parental education, househo ld size and public environment variables to 

be significant variables using the Pakistan 's demographic survey. Giuffrida e/ af. , (2005) 

estimated the structural equation models to identify the factors determin ing the latent 

variables of health status, household wealth and health care utilization using the Brazilian 

household survey. 

2.6 The Social Impacts of Economic Policies: in light of children 

Recognition o f the social impacts of diffe rent types of economic policies on different socio 

economic groups, including children, is long overdue. The impacts on children of macro-

economic polic ies are us ually med iated through the fa mily or other local insti tuti ons such as 

school and hea lth services. Certain economic poli cies have profound impacts on children. 

Because the impacts of these policies are mediated through a range of soc ial institutions there 

is some unpredictability invo lved (Harper and Marcus, 1999/00). 

There is li tt le study that directly investi gates effect of economic policies on ch ildren. This 

may re flect in part the difficulties o f doing so, but also the extent to which the costs of such 
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policies to children havc been ignored. This gap in ana lys is overlooked the fac t that 

childhood is a oncc-and-for-a ll wi ndow of opportunity for bio logical and soc ial deve lopmcnt. 

f-Iarper and Marcus (1999/00) argucd that poli cies which lead to reducti on in pro-poor 

expenditure, increased economic stress , through hi gh unemployment or fa lling incomes, cven 

if intended as a re la tively short term effect, have long term implicat ions because o f the lasting 

impact on children. 

Mehrotra (1998) noted that expenditures on public services are insufficient to ach ieve 

universal access in the next 5 to 10 years particularly with rapid population growth. In the 

1980' s most adjustment programmes that have originated from the Breton woods institutions 

cut expenditure on basic services in order to achieve macroeconomic balance. Although 

current policy promotes greater investment in public services, their neglect in the 1980's and 

early 1990 's has already jeopardized the development of at least a 10 year cohort of children. 

It is also stressed that for ch ildren and for society as a who le economic policies which 

advocate "short term pain fo r long term gain" are pursuing a strategy which can impact very 

negatively on children and hence to the future generation. The period of "short term pain" 

could encompass the enti re developmental years of a child who will never recoup those 

losses. 
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Chapter HI 

3. Ilfethodology and Ilfodel Specification 

3.1 Structural Equation ilifodeling: what is it all about? 

The basic idea o f stati stical methods fal ling under the general title ' Struc tural Equation 

Modeling' is to ana lyze the covariance structure of vari ables observed in thc sample. More 

specifically, to ana lyze the diffe rence between the population (sample) covariances and the 

covariances predicted by the model. Formally the fundamenta l hypothesis is stated as 

(Bo llen, 1989 and Ki iskinen, 2003) 6: 

L = 2:(8) ..... . ....... . . .... .. .. .. .... . . .... . .. . .. . ......... ... .. . ......... (3.1) 

Where L denotes the matrix of known (observed) covariance in the population (sample) and 

8 is a vector of model parameters. The aim of the modeling is to minimize the difference 

between the population covariance matrix and the model covariance matrix so that the above 

equation holds with some acceptab le statistical precis ion. 

It is poss ible to derive a system of eguations from the covariance structure of equation (3. 1) 

by defining the type of variables and how they are assumed to be connected with each other 

from a theoretical point of view. In the models conta ining both observed and latent 

(unobserved) variables, equations can be divided in to two: siructura! equal ions and 

measurement equ({{ions. In the case where latent va ri ab les are all endoge nous the structural 

equations part of the model can be written as; 

6 The symbols ;:lIld fo rmulas arc presented in nccordance with the notation of thl! statis tical so ft ware package L1 SREL. 

rRELI S and SIMPLES . 
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11 1= BIl2 + rx + 1; .. .. .. .. ..... .. ... .. .. .... .. .. ..... . ... ...... .... .... (3.2) 

Where II I and '12 is a vec tor o f latent variables, x is a vec tor o r exogenous vari ab les, B is 

coefficient rel ating the latent variables, r is the coeffici ent relating the exogenous variables 

with the latent variables and 1; is a vec tor of erro r terms. In addi tion the measurement mode l 

fo r the latent va ri able II is defined as: 

y = Ayll +E ..... . .. . . . .... . . . . . .. . .. . .. . . . ... .. ... .. . ..... .... . .. . . . .. (3.3) 

Where y denotes observed indicators for the latent variable, '1 represents the latent variable 

itself, Ay is the factor loadings of the latent variable to their indicators and the error telm e 

represents the measurement error associated with each observed indicator. 

Equations (3.2) and (3. 3) together with the models assumptions can be used to express the 

elements of L (8) in terms of models parameters, which is called the implied covariance 

matrix. After substituting the estimated values of parameters the L (0 ) is compared to the 

sample covariance matrix S (representing L). In order to analyze the difference (S - i: ) an 

appropriate function to be minimized must be chosen (e.g. see Bollen, 1989 and Kiiskinen, 

2003). The selection of the function depends on the preferences of the researcher as to the 

representativeness of the functi on to the model and the extent to which the function tolerates 

to ex isting problems in the data .7 

Structural Equati on Model is hence used as the main analyt ical technique in thi s paper. It has 

been frequently used in these types of studies and hea lth production models and demand fo r 

hea lth studies as was rev iewed in chapte r two . There are several advantages in adopting the 

7 Sec section 3.3 fo r a di scLission on this particular issue 
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SEM tec hnique that are parti cularly use ful considering the thcoretica l framewo rks and the 

na tu re of data descr ibed in thi s chapter's scction 3.9: 

I . It can incorporate latent varia bles measured by mU lti ple indicators such as those and hence 

is able to dea l with underlyi ng " theoretical variables" . 

2. [t may convenientl y be used to estimate a system of equati ons in structural form. 

3 . The use of latent variables and structural form estimation strengthens the link between the 

theory and the empirical analysis. 

4 . It utili zes all available information fro m a large number of variables in a simultaneous 

estimation framework. 

Hence, SEM is uscd as the mam analysis technique throughout the empirical analysis 

presented in Chapter 4 of the thesis using its special case MIMIC model discussed in the next 

section 3.2. 

3.2 The MIMIC Model 

The MIMIC model explains the relationship between observable variables and the 

unobservable variables by minimizing the distance between the sample covariance matrix and 

the covariance matrix predicted by the mode l. TIle observable variables are divided in to 

causes of the latent vari ables and the indicarors (Joreskog and Goldberger, 1975; Andreas 

and Fredrick, 2008). Formally, the MIMIC model cons ists of two parts; the slrllcilirallllociei 

and the measuremenr model. The structural equation model is gi ven by; 

'7, = y 'x, +~" ....... ... ...... ... ......... ............... (3.4) 

Where x', = (x",x" , ... ,x'l') a (I X q) vector of variables as is indicated by the subscri pt i. 

Each Xi, is a potential cause of latent variable 77, . y ' = (y" y" ... , Y'I ) is a ( I x q) vector of 

coeffi cients in the structura l mode l describing the "causa l" rela ti onship between the late nt 

var ia ble and its causes . Sincc the structural cquat ion model onl y parti all y explains the latent 
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variable,!" the e(Tor term C;, represents the unexplained component. The MIMIC model 

assumes that the va riables are measured as dev iations from their means and that the error 

term does not corre latc to the causes, i.c. E ('7,) = E ( C;, ) = 0 and 

E (Xi C; ',) = E (C;,x',) = O. The variance of C;, is abbrev iated by IJI and (I> is the (q x q) 

covariance matrix of the causcs Xi. 

T he measurement model represents the link between the latent vari able and its indicators. i.e. 

the latent unobservable vari able is expressed in terms of observable variab les. It is specified 

by: 

y, = A1], + 5, .............. ...... ........................ (3.5) 

Where y', = (y" ,y" , ... ,yp, ) is a (I X p) vector of indicator variables Yji , j= I , ... ,p. ci=(cli, 

cZi, ... ,cp') is a (p x I ) vector of disturbances where every cji , j= I , ... ,p is a white no ise error 

term. Their (p X p) covariance matrix is given by 0 , . The single Aj, j= l , ... , P in the (p X 1) 

vector of regression coefficients A, represents the magnitude of the expected change of the 

respective indicator for a unit change in the latent variable. 

It is assumed that the error terms in the measurement model do not correlate either to the 

causes Xi or to the latent variables 1], , hence, 

E (Xi 5', ) = E (ci x ', ) = 0 and E (11i 5 ', ) = E (Ci'7 ',) = O. 

A final assumption is that the ci'S do not correlate to C;, , i.e. 

E (c,C; ', ) = E ( C;,c'i)= o. 

Figure 3. 1 shows the general structure of the MIMIC mode l. 
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Figure 3. 1: A general structure of a MIMIC model 

Causcs Indicators 

From equation (3.4) and (3.5) and making use of the definitions, we can derive the MIMIC 

model's covariance matrix ~ (see Appendix A). This matrix describes the relationship 

between the observed variables in terms of their covariance . Decomposing the matrix derives 

the structure between the observed variables and the latent variables, here the child health 

status. The model' s covariance matrix is given by: 

~ = ( 2(Y'<DY+ 'fJ) + 0 , 
<Dy2 ' 

2Y'<DJ 
cD 

Where ~ is a function of the parameters A, y and the variances contained in ell , 0 " and IV. 

Since the latent variab le is not observable, its size is unknown, and the parameters of the 

model must bc estimated using the links betwcen the observed variables' variances and 

covariance. Thus, the goal of the estimat ion procedure is to find va lues for the parameters 

that produce an estimate for ~ that is as close as poss ible to the sample covari ance matrix for 

the observed causes and indicators, i.e. the x;'s and y;'s . 
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Such models providc poss ibi lities to model more complex sys tems with severa l jointl y 

de pendent vari ab les. Also, they prov ide the poss ibility to model health as an unobservable 

va ri able that is determined by a set o f its causes and indicators, which by thcmsclves would 

each consti tute onl y a partial measure of hea lth. Moreove r, unobse rvables other than health 

may be included in the model (Van de Ven and Van der Gaag, 1982) if the data se t prov ides 

an adeq uate number of useful vari ables. One of the advantages of MIMIC-modeling is the 

poss ibility to estimate the whole system of equat ions simultaneously and hence to test the 

specificati on of the entire model using a s ingle test statistic (Hakkinen, 1991). 

3.3 Estimator 

As mentioned previously, a strong preference has to be given to the modeling techniques and 

the estimation methods that account for the endogenous nature of individual choice variables, 

and, moreover, rule out the influence of any unobservable confounding factors. 

The structural equation models such as MIMIC require estimation techniques that are based 

on more restrictive assumptions than simultaneous equation methods such as 2SLS. 

Estimation does not allow for possible unobservable influcnces outside the system to be 

considered . The limi tation of the FIML (Fu ll Information Maximum Like lihood) estimators 

for such models is that the assumption of multivariate normality may not hold if di screte 

hea lth indicators are used and even if the consistency of the parameter estimates is 

maintained the co rres ponding standard errors are not valid. In order to ensure the 

identi fica tion of the model seve ra l parameters have to be usua lly constrained a priori , which 

may also prove not to be supported by the data (e.g. Van de Ven and Van der Gaag, 1982). 
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D ue to the non- idea l charac teri stics o f data the use of genera ll y Weighted Least Squares 

(WLS) is considered as the primary es timation method. The general form o f the WLS fitting 

function is: 

F (e) = (s -0-), W- '(s -0-), ....................... . ... . ....... (3.7) 

W here F refers to function, 's' is a vector contai ning the elemcnts on and below the diagona l 

of the sample covariance matrix Sand 0- is the vector o f the corresponding element 

predicted by the model. Since, in reali ty, the correlation structure P (e) rather than 

CQvariances will be fitted to the correlation matrix the more consistent cxpress ion of (3.7) 

would be (Jorcskog el al., 1999): 

F (e) = (r - p ),W- I(r - p), ..... ... ... .. .. .. .. .. .. .. ...... .. .... .. ... ... (38) 

Where the observed sample corre lation r and model correlation p are used instead of s 

and 0- , respectively. The weight matrix W is the asymptotic covariance matrix, which, in the 

case of (3.8), is based on correlations instead of covariances in case of (3.7). The parameter 

vector e in (3.8) has (p + q) elements less than in (3.7) since the diagonal elements ofP (e) 

are fixed to unity (Joreskog el al., 1999) . 

Even though the parameter estimates of other fitti ng fu nctions (especially ML) are quite 

robust towards the non normality and appropriate corrective procedures for standard errors 

and chi-square stat istics exist, fitting the correlation structure to the corre lation matrix 

requires the use of WLS (Joreskog el al. , 1999). 
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3.4 Empirical Specification: to determinants of child healtlt 

The cmpirica l spec itication o f the modc l to child hca lth foll owed two steps For illustrati ve 

purposes; it starts with single latent vari able and proceeds to two latent variables adding 

interaction effect for the last case. Since the objectivc of the study is to look at the fac tors 

behind the latent variable child hea lth status the study has given emphasis to the last case of 

latent variables (See Shehzad ,2006). 

3.4.1 Single latent variable 

MIMIC (Multiple Indicators Multiple Causes) models estimates the effects of multiple 

explanatory variables on the latent variable, chi ld's health state. The model can best be 

understood by means of a path diagram for one latent variable case. In Figure 3. 1, the 

unobservable '11' variable, child health status is enclosed in a circle and the observed variables 

both the indicator variables (Yi'S) to the right of the latent variable and the explanatory 

variables (Xi'S) to the left are represented in the rectangles. The elTor terms are not enclosed. 
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Figure 3.2 : Path diagrams for single btent variables 
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The arrows leading liOin x to the latent variable ind icate the hypothes ized direct effect on 

child hea lth sta tus. The arrows leading li"om the la tent variable, child health stat us, to the 

indica tors on the right hand s ide represent hypothes ized impact of unobservable vari ab le on 

the indicators. The strength o f the effects of the variabl es is indicated by coe l1l cients in the 

measurement mode l. Using the LlSREL term inology, the model is as follows. 

A. Measmement model 

y = A-y11 + £.. ..... " ... ... .... . ..... .... .. .. . " ..... ...... . ...... . .. . . . . .. .. ..... . (3 .9) 

Where y is the indicator of the latent variable, 11 is the latent variable, A-y is the factor 

loadings from the latent variable to the indicators and £ is the error term in the 

measurement model. 

B. Structural Equation Model 

11 =y'x +1; ........... ... ....... .. .... ..... .............. . .. .... ... ....... ... .. ... (3 .10) 

, where 11 refers to the latent variables as above, x refers to the exogenous variables in the 

model, y is the coefficient of the variables showing the strength of the impact of the 

exogenous variables on the latent variable and I; is the error term in the strueturalmodel. 

The fo llowing are the assumptions for the MIMIC model with single latent variable ; 

E (11 ) = E (£) = 0 

E(£, 11 ) = 0 

E (I;, 11) = 0 

E (0 = 0 

E (S, £) = 0 
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3.4.2 Two [atellt variables 

The path diagram rep resen tat ion lo r the two latent variab les case is presented in Figure 3.2. 

The spee ilicatio n of the mode l lor the latent variables is as fo llows us ing the LISRE L 

te rmino logy; 

A. Measurement model 

Y=Ay1l + s ..... ...... ......... .. .. .. ... .. ...... . ... .. .... .. .. ...... ..... .. ................... . (3. 11 ) 

Where y is the indicator of the latent variables, 11 is the latent variable itse lf, Ay is the factor 

loadings of the latent variab les to the indicators and s is the error term in the measurement 

m ode l. 

B. Structural Equation Model 

11 = B 11 + yx + S· .. ··.· ... · .. ·· ... ·.· .. .... ................ .. ...... ..... ....... .. .. .... .. ......... (3.12) 

The fo llowing are the matrices/vectors specified in the model 

I. A" (p x m) is the matrix of coeffic ients, or load ing, relat ing indicators of endogeno us variables 

to latent exogenous variables (11). 

2. y (q x n) is the matrix of coeffic ients, or loading, re lating indicators of exogenous variables to 

la tent exoge nous variab les (~) 

3. B (m x m) is a matri x of coe ffi cients of the effects of latent endogenous vari ab les on latent 

endogenolls variables. 

4. r (m x n) is the matrix of coe ffi cients of the effects of latent exoge nous vari ab les on latent 

endogenous variab les. 

5. 'P (n x n) is a variance-covariance matrix oft hc la tent exoge nous variab le (1;) 

6. 'V (m x Ill) is a variance-covariance matrix of the res idua ls (C,) 
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7. (l>c (p X p) is a variance-covariancc matrix of e rrors of mcasurcmcnts Dry 's 

8. (I>;j (q x I) is a variance - covariance matrix of errors ofmcasliremc nt of x's 

9. 'l ( Ill X I) is " wclor of lalcnl va riab lcs. 

10. I; (Ill X I) is a vec tor of crro r Icrills in the strllclllrn i model. 

II . Y (p x I) is a vector of indicators for the lalenl variab le. 

12. E (p xl) is a vector of error terms in the measurement model. 

13. X (n x I) is a vector ofexogenolls variables. 

Here p is the number ofy variables; m is the number ofl1 variables, n is the number of ~ 

variables and q is the number of x variab les. The path diagram fo r two latent variables case is 

presented below9 

<'l Please sec section 3.9 for a discussion about thc variabl es and reason for selection. 

37 



Figure 3.3: Path diagram [or two latent 
XI'S 

F _education 

M ed ucation 

MEASLE 

BCG 

TOILET 

'16 

WATER 

HHINR 

HHFUD 

HDSEX 

HQI 

V
YI2 

HACCESS 
'/1 

SEX rYI2 

38 

Y j'S 

~ HAZ 

A\ 

A, -J WAZ ---
~ 

A) 

'I HEALTHY 
£,, \ 

Yi 's 

~ Fever 
A\ 

CH_TMPO 

~ Cough 

A) 

~ Vomit 



3.5 Testing the Structural Equation Models 

Thc fundamental questi on in cvaluating a SEM mode l has traditionall y been whether the 

spec ified model results in an exact reprod ucti on of the popu lation covariance matrix 

(Kiiskinen, 2003). For a correct ly spec ified model and data with appropriate distributional 

properties an asympto ti cally X' di stributed test stati stic could be used to test the null 

hyp othesis, represented by the Equation (3.1). 

The test stati stic is derived from the minimum value of the fitting function: 

c = (N - I)F(S, L(e)) .. ........ ...... ... .... .. .. ...... (3.13) 

Wh ere F(S, L(e)) is the estimated (minimum) value of the fit fi.mct ion and N is the sample 

size. The fi.mction is approximately X' distributed with d = k - t degrees of freedom in a 

large sample. k = (p + q) (p + q + 1)/2 is the total number of distinct elements in S, t is the 

number of free parameters estimated, and (p + q) is the number of observed variables. In 

principle, the model is rejected if c exceeds the (I - a) percentile of X' -distribution (Joreskog 

and Sorbom, 1993a). In practice, this test is used more as guidance in modifYing the model 

("model generating approach") rather than as a strict rule for mode l rejection. 

One of the problems with the X' statistic is that it is affected by several factors, the most 

obvious of which is the sam ple size. If N is small the test may not have adequate power to 

detect the meaningful differences between i: and S, whereas large I may lead to ove r 

rejection of the null hypothes is due to detecti on o f minor di screpancies (Fan ef aI. , 1999). 

Other sources of vari ation in fit stati stics, X' and other measures based on it, include model 
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complexity (degrees of freedom), sampling variation, se lec ti on of alternative models (if any), 

the estimation method, and whether a corre latio n or covariance structure is analysed (Tanaka. 

I 993; Boll en, 1989; Kii sk inen, 2003). 

There are a vast number of measures available to assess the overall fit of the model. 

Basically, all of these statistics are derived from the minimum va lue of the lit function. S ince 

chi-square is defined in a way that depends on the sample size, it tends to yield high values in 

large samples like in this study. In order to provide alternative ways of assess ing model fit, a 

number of fit indices are available. Fan et al. (1999) have categorized these indices into four 

types: 

I. Covariance matrix reproduction indices attempt to evaluate what proportion of the 

variation the model generated covariance matrix can explain the sample covariance matrix. 

For instance, the goodness-of-fit (GFI)lO index fall into this category: 

F[S,L(B)] 
GFi = , ..... .. .................................................. (3.14) 

F[S,L(O)] 

, which is based on a ratio of the estimated (minimum) value of the fit function to the value of 

the fit function where all parameters are zeros . 

And within this category we have the Adjusted Goodness-of-Fit Index (AGFI): 

/lGFl = 1_ k(k + I) ......................... ...... ......... ... (3.15) 
2d(l- GFf) 

1') See section 3.6 for the assessmen t criterion . 
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, which makes an additional adjustment for the degrees o f freedom and natural ly al so belongs 

to thi s category. 

2. The second ca tegory, comparati ve tit indices, are designed to assess model tit in 

co mparison with the more restricted null mode l, usuall y the independence model (with no 

re lations among indicators). Measures of thi s type have been discredited by the fact that the 

independence model has usua lly an ex tremely poor tit, and hence may not be an al ternative 

spec ification in the first place (Fan el aI. , 1999). 

3. Finally, a third category of indices are based on the non-centrality statistics, and hence are 

less sensitive to moderate misspecification of the model. The comparative fit index (CFl) 

be longs to thi s category using the non-central x ' stati stic. Fi rst, define F as minimum fit 

function value for the estimated model and as the corresponding value for the independence 

model, then the non-central statistic is 

T = Max {CN - l) F - d, O} 

and 

T; = Max {CN - l ) F, -d;,CN - l ) F - d, O} ..... . .......... . .... . ...... . ...... (3. 16) 

, fo r the estimated and independence models, respectively. d and d; denote the corresponding 

degrees o f freedom. The CF[ is: 

CF [ = 1 - r l r; .......... . . ...... .. .. . ... . ............... . .... . (3 .17) 
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Y ct anot her approach to model eva luat ion is provided by the Root Mean Squared Error 0 f 

Approximation (RJ\IISEA) whic h has become one o f the sta ncl ard I·'t mcasures to be reported 

with SEMmodels. It is bascd on population di screpancy functi on (F,,) : 

F" = Max {F - (d/(N- l )),O}, .... .. . ... ... .. ...... . ... . . .... (3.18) 

, whcre F" approaches F when N approac hes infinity, but decreases when parameter are 

added to the estimation with give n N. In order to acco unt fo r the vari ation in the degrees of 

freedom the RJ'vlSEA is defined as population discrepancy per degrees of freedom: 

RMSEA = ~fri ... .... ..... .. ...... ..... ... ... (3.19) 

The RMSEA is considered to indicate very good fit if the value fa ll s below 0.05 and a 

reasonab le fit with values less than 0. 10, whereas values greater than 0.10 wo uld suggest 

some problems in fit (Fan el al. , 1999). 

The .RJ'vlSEA will be used as the main indicator for mode l fit since it has been found to be 

sens itive to model misspec ificati on, but is still minimally dependent on sample size (Fan el 

al., 1999). Also the eFI appears to be robust to variation in sample size and will be used as a 

secondary indicator of fit. Also, the mu lti vari ate counterpart of coeffic ient o f determi nation 

(R2) AGFI is included, but it should bc in te rpreted more cautiously since it is known to be 

relat ive ly sensiti ve to the sample size. 
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3 .6 Model Assessment 

The table below prov ides the model goodness-o t~ fit stati s tics that are appli cab le to MIMIC 

m ock!. 

T a ble 3 .1 : Mode l Fit Assessment ane! Tes t S tati s tics : Tes t S tatis tic Acceptance Criteria 

(Laurence H. Lester (2008)) 
Test Stat istics Purpose Acccptanct: Criteria 

Root M l:JIl-Square Error of Abso lute fit (0 is perfect fit <0.0 I < 0.0 5 close 

Approximation (RMSEA) is outstanding) <0.08 good 

< 0.1 0 reasonable 

Stand ardized Root Mean-Square Abso lute fit <0.10 fa vorable 

Res idual (SRMR) <0.05 good 

Goodness-of-fit (GFI) Abso lute fit (range 0 no fit , 1 >0.90 good fit 

Adjusted Goodness of Fit Index perfect fi t) 

(AGFI) 

Comparative Fit Index (C FI) Incrcmental fit (range 0 to I) >0.90 good fit 

Parsimony-based GFJ (PGFJ) and Incremental, parsimony adjusted, No defined level 

Parsimony-based Norrned Fit Index fit (range 0 to I) 

(PNFJ) 

Aka ike Information Criterion Comparative model fit (no upper No defined level 

(AIC) and Consistent Akaike limit, 0 perfect fit ) 

Information Cri te rion (CAlC) 

Expected Value of the Cross- Co mparati ve model fit (no upper No defined level 

validation index (ECVI) lim it, 0 perfect fi t) 

Chi -squared model fit (see note I) Significant -> model fits the data 

;.JOles: ( I) The Chi-squared statis tic is no t a reliab le goodness-of-fit indicator in large samples, but it is useful to assess the relati ve 
fi t of various models- th e ChI-squared statistic is the S ~t orr<l-B c n t l e r Sc~led Chi-squared. which t ~kcs non-normality of in put data 
into account. 

i'.dodel s are based on ana lys is o f the co rrel ati on matrix-goodn ess-of-fit is an assessment o f how 

we ll th e deri ved model repli ca tes the observed co rre lati on matrix-and, as th ere is no single 

goodness-o f-fit measure, it is practice in applied work to repolt several appropriate stati stics. 
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3 .7 Eva luatin g the M IMIC M odel Method 

Th~ inform at ion t h~t comes out or model s in thi s paper requi res th e ap pli cati on o r adva nced 

ana lytica l techniq ues based on late nt va ri ab les. Thus. an ob vious questi on can be asked to 

eva lu ate the research o utputs in this paper: 

Cons id er th e fol lowing relat in g to the advantages of th e lin ked MIM[C mode ls: 

(I) Why not use a sing le measure to rep resent health in a common regression model? 

Measuring hea lth by a sin gle imprec ise indicator vari able (e.g. Anthropometric 

measures), fa il s to incorporate measurement error, and is a coarse measure that fail s to 

in corpo rate the multidimens ional aspects of hea lth. That is, no single indicator 

suffi cient ly captures the multiple aspects of health and while it is not poss ible to capture 

a ll aspects of child hea lth , multiple indicators cover multiple attributes. 

(2) [s cross-sectiona l factor analys is (FA) appropriate? Cross-sectiona l analys is does not 

trac k dynamics of the c hild hea lth. As with the benefits of pane l data econometric mode ls 

versus cross-sectional ana lys is, longitudina l data can exam ine change, d ifferentiate 

between cha nge in cohotts and change for indi vid ua ls and reduce the poss ibility that a 

particular cross-section is a typ ica l. Moreover, for survey data, across-tim e co rrelations 

di sto rt e mpirical estimates if ignored. Thus the thesis wo rk recomme nd s the app li cat ion 

of SEM to panel data for futther research. 

(3) Why not usc the reduced form of the MIMIC model (i.e. removc the latent variab le for 

ch ild health and rep resent the underl yin g mode l in the more fa mili ar eco nomet ric form)? 

It is wel l known that th e M 1M IC model can be re-speci fied as the reduced form in whi ch 

only observed variables ( i.e . format ive and rc neclive indicators) appear. Th is a ll o lYs 

estim ati on (as a system o f simulta neo us equati ons) but the path coeffici ent for the 
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lo nnative (c3us31) indicators and reflective indicato rs canno t be extrncted- onl y a 

compos ite coeffl cicnt is avai lable. unless it is assumed that all va riabl es are measured 

without error- and thus nothing can be sa id about the relati ve importan ce of reflec tive 

and format ive indicators. /\ 5 we ll as failing to incorporate measurement error. th e reduced 

fo rm system, (i) ignores across-time corre lat ion between reflect ive indicator errors, and 

(ii) docs not model correlation between to rm ative ind icators within and across time. 

Thus, the MIM[C mode l is not a standard (linear) simu ltaneous eq uatio n model, but a 

mode l which incorporates errors-i n-variab les, and assoc iated correlations (see Joreskog 

and Goldberger 1975). 

[n summary, although somewhat complex, MIMIC mode ls provide an analytical method that 

app ropriately dea ls with many important issues that are not dealt with in less sophisticated 

methods. 

3.8 Interpreting the MIMIC Model: Variance Explained-Model Reliability 

The reliab il ity of the unobserved latent construct, chi ld hea lth, can be assessed by cons idering the 

implied propOltion of variance in child health that is exp lained by the model- that is, the 

reliability measures how we ll the re fl ective indicators serve as instruments for ch ild health 

(Jo reskog and Sorbom 200 I )." 

The measure of reli ab ility shows that the propo rti on of va ri ance exp lained vanes, but lower 

va lues arc not un expected given that much of the data arc di chotomous or ordinal, th e exp loratory 

nature of the model s. and the opportun isti c use of the data (which was nol col lected with th e 

intention o f apply ing sophisticated statistica l tec hniques). On the other hand, hi ghcr rcliability 

val ues suggest a remarkable degree of acc uracy give n these cond iti ons. 

11 Child health is unobserved. but an estimate ofils J'(Irirll1ce is a model output (,\hich does not require all estimate of 
the latent vari3ble it sdf). 
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In interpreting th c M IM IC mcasurement model the path cod'ti cients (tnctor loadings. A.) arc the 

effect of th e latent variab le on its reflective indica tor (i.e. the extent to whi ch Child ilellitil status 

is jointly reflcctcd in . IVAZ, HAZ 111111 HEALTHY)" . And thc path coeffic ient s li'om th e 

exogenous va ri able to the latents show the strength of the impact of the exogenous va riable on the 

la tent va riab le. 

3.9 Data Source and Variables definition. 

The source of data for this research is the Young Lives. The Young Lives is an international 

itillovative longitudinal study of chi ldhood poverty in Ethiop ia, India, Peru and Vietnam. 

Between 2002 and 20 15, some 2000 children in each country are being tracked and surveyed 

at 3-4 year intervals from when they are I until 14 years of age. In Ethiopia, the project has 

received financial support from the UK Department for International Development. 

The study used quantitative data collected 2002 from 1,999 households with 6- 18- month-old 

chi ldren from five regions of Ethiopia as a result of the Young Lives Ethiopia project. The 

data was co llected from 20 sentinel sites with 100 children from each site. Eight sites are in 

urban areas and 12 arc rural. They are main ly in food insecure areas in Add is Ababa and the 

Amhara, Oromia, Southern Nations, Nationalities and Peoplcs (SNNP) and Tigray regions. In 

the survey data, the poor were deliberately ove r-represented by purpos ive selection of si tes as 

the objective of the project was to analyze panel data focusing on child poverty (Tekic A. el 

al, 2003). 

I: See LlSREL 8.7: User's Guide: measurement model output, Scientific Software Internat ional, Inc ava ilable at 
WWW.SS lsc renee.com 

46 



Indicator Variables/Dependent Var iab les: 

To start with the indicators uscd lo r the latent variab les , the Young Lives Survey co llec ted 

informat ion on many ind icators of child heal th status. Based on the conceptual framcwork 

used the study se lected ini tially three dimensions o f ch ild health status. First , a mcasure of the 

care-give r perceived hea lth status compared to peers o f same age has been taken. This 

variab le takcs a va lue of one when the hcalth status is same or bette r and zero otherwise. 

Second and third are the Z-Scores of the He ight- for-Age and Weight-far-Age. The Z-scores 

are standardized using age sex spec ific median from the U.S. National Center for Heal th 

Sta ti stics (NCHS) as recommended by the World Health Organization (WHO). 

For the transitory health state measu re that indicate temporary heal th disorder were selected; 

dummy for cough in the last 24 hours, dummy for vomiting everything in the last 24 hours 

and dummy for havi ng high feve r in the last 24 hours. 

Explanatory Variab les: 

From the independent explanato ry variables selected includes individual specific, household 

characterist ics and community characteri stics vari ables. The va ri ables were se lected based on 

the theoretica l framework, their importance in the child health literature and their avail ab ility 

in the data. 

From the individua l spcc ific variables the va riable showing the gender of the chi ld is included 

in thc model. This variable takes the value o f one for male and zero for female. 

From parental and household characte ri stics many variables were se lected inc lud ing the leve l 

of education of the mother and father o f thc child, the ratio of household size to the number 

of rooms in the household. decrcase in the ava ilab ility of food in the houschold. whether the 
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household is being headed by female or male etc. The ratio of household s ize to the numbe r 

o f roo ms in the househo ld (NNl-IR) is meant to capture the impact o f highcr t;uni ly size on 

th e health stat us o f children in the ir lirst year of life . The educa tional background of both the 

fa ther and the mother arc taken to show the ex tent to wh ich the parents leve l o f educatio n 

affect the health status of children. T he du mmy for father 's education (F _ EDUCAT. 

I = Completed primary, O=otherwi se) indicates if the father had completed primary schoo l and 

similarly a dummy for mother 's educat ion (M EDUCAT, I =Completed primary, 

O= otherwise). T hi s is because it is assumed that we ll educated parents take good care of the ir 

children, have good hea lth state themselves , bear in mind the training and related information 

hom e fo r caring about their children, e tc. 

The dummy for a decrease in the avail ability of food in the household (HHFUO) is selected 

because we accept Wolfe and Behrman 's (1981) idea that "you are whal you eat". The other 

exogenous variabl e is the wealth index (WI) that shows the economic status of the household 

in wh ich the YL child is living in. In addition to that, in developing countri es assets that a 

household acquires can serve as indicators of the long run economic status of the household. 

The World Bank suggests the use of household consumer durables, household quality etc in 

measuring the re lative economic position of a household (Ayalew, 2006). The indi ces uscd in 

thi s study are those constructed by the YL team. Il 

From the community variables include the dumm y for the source of household drinking 

water, type of toil et and whether the child had been vaccinated fo r eithe r BCG or meas les. In 

o rder to look at the impact of economic po licies on children the study selec ted those 

11 For rhi.! method used and variables included in the indices see Tekic 1\. c/ a/. , (2 003) pJge 23. 
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community va ri ab les tha t ca n represent the extent o f gove rnment' s int'rastructural investment 

in the li vi ng areas of the children, 

T he tirst var iab le tha t indicates a dumm y fo r the availabi lity of pure drin king lVater supply 

inti-astructure in the com munity is expec ted to have a profound impac t on the hea lth status of 

an average Ethiopian ehild_ The second variable is a dummy fo r measles and a du mmy fo r 

BeG vaccination each indica ting the proximity of the household to a hea lth center and al so 

the hea lth knowledge of the parents, If the househo ld is close r to at least one health center it 

would most probably ge t the meas les vaccinati on which is vital to the health s tatus of 

children, Increas ing the availability of these service centers is assumed in thi s paper to be the 

res ponsibility of the government. Thus its ava il ability ind icates the pro-children po licy of the 

government. 
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Table 3.2: Definition o f va riables 

I Jldicator Variab les Ddinition Catego ry labels 

{"dicalOr Variables 

WAZ \Vcight-for-Age Z-score Amount 

HA Z Height-tor-Age z-score A mount 

HEALTHY Child hca lth compare to others I- same or better 

O=otherwisc 

FEVER Hi gh fever in last 24 hours I =ycs and 0 No 

C OUGII Cough in last 24 hou rs I- yes and 0 No 

VOMIT Vo mit in last 24 hours I =yes and 0 No 

Ktplal1a/O/ y Variables 

SEX Gender of the child I- Ma le and 0- Female 

HHNR Rat io of house hold s ize to the l1umber of -

roo ms in the household 

F EDUCAT Fathers leve l of ed ucation I- completed primary and -
O=otherwise 

M_ EDUCAT Mother's leve l of education I =completed primary and 

O=otherwise 

MEASLE Had Meas les Vacc inat ion I- yes and 0 No 

BeG Had BCG Vaccination I =yes and 0 No 

HHFUD Decrease in food ava ilability I =yes and 0 No 

HDSEX Gender of household head I- Male and O- Female 

WI Wealth Index amollnt 
-

WATER Main source of drinking water 1- if safe/protected, 

O=otherwise 

TOILET Type of toi let faci lity I = pit latrine or flush, 

O=otherwise 

HACCESS Distance from Nea rest Hea lth care center 1- if less than 10 km 

O=otherwise 

Children in thi s study are defined as those indi v idua ls of o ne year old as they are those 

vu lnerable to health status deviations from both permanent and transitory health and because 

the s tudy aimed to look at earl y ch ildhood health . Moreover, the first year of a child 's li fe is 

dec is ive for the ch ild 's later health s tatus . The refore, the data o n th is earl y year allows us to 

anal yze factors affecting the fo un dation of health status. 
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The su mmari zed major characte ri stics of a ll the va ri ables used in th is s tudy are presented in 

Table 3.3 below wit h th eir res pective mea ns, sta nda rd dev iation, skewness and kurtos is. 

Table 3.3: Summari zed descripti ve stati st ics o f all variables 

Variab le Mea n St. Dev Skewness Kurtos is 

DUlllmy lo r Sex 0. 52 1 0.500 -0.084 - 1.995 

H H to No. of Rooms 4.503 2.247 0.836 0.578 

DUlllmy for Father 's Education 0. 25 8 0.438 1.108 -0.774 

Dummy tor Mother's Education 0.325 0.469 0.748 -1.443 

Dummy for Source of Drinking 0.126 0.332 2.250 3.068 

Water 

Dummy for Comparative Health 0.755 0.430 -1.1 87 0.000 

Weight for Age - 1.681 1.389 0. 174 0.38 1 

He ight for Age -1.516 1.719 0.438 1.4 19 

Dummy for Meas les Vaccination 0.675 0.469 -0.748 -1.443 

Dummy for Decrease in Food 0.325 0.469 0.000 -1.443 

Ava ilabili ty 

Wealth Index 0.180 8.182 5.505 1.479 

Dummy for Hea lthcare Access 0.532 0. 131 -7.367 0.000 

Dummy for FEVER 0.267 0.444 1.071 -0.797 

Dummy for COUGH 0.095 4.024 -23.828 573.383 

Dummy for VOMIT 0.025 3.280 -29.247 864.081 

Dummy for BCG vaccinatioll 0.264 0.44 13 -0.863 1.066 

Dummy for Toilet facility 0.379 0.485 -1. 753 0.4983 

Dummy for Household Sex 0.14 1 0.348 2.233 2.057 

51 



C hapter IV 

4. Estimation Res ults and Interpretation 

.t . 1 Determ inants or Child Health Status 

In developing a complex structura l model correspondi ng to the theoret ica l fram ework 

reprcsented in the earlier chapter, valid measurement mode ls arc p rerequi site to the ana lys is 

of structura l relationsh ips between variables of interest. Three indicato rs are chosen to best 

desc ri be the laten t concept of hea lth status. The model's result can best be presented and 

understood by means of a path diagram that is presented in Append ix C. The estimati on result 

of the single latent variable MIMIC models output is summarized in the following table; 

Table 4 l ' M1M IC Model for one latent variab le child hea lth status 
VARIABLES C HEALTH p' 
Aleaslfremr!lIt model No. of Observmioll 1845 
rveight-for-Age Z- score 0 . 033*** 0 . 13 

(4 . 692) 
Heigh t -for -Ag~ Z-score 1 . 000 0 . 40 
Dummy for Comparative Heal th (1 if same or better) 0 .1 76** * 0 . 52 

(5 . 696) 
Structural models 
Ratio of Hous e hold s iz e to number of rooms in the -0 . 083' 
household (-1.551) 
Dummy for Fath e r ' s J:;ducation ( 1 if completed primary) 0 . 447** * 

(6 . 641) 
Dummy for Mother's Education (1 if completed primary) 0 . 326*** 

(3 . 562) 
Dummy for Mea sles Vaccination (1 if yes) 0 . 028 

(0 . 167) 
Dummy for Decrease in food Availability ( 1 if yes) 0 . 204* 

(-1.822) 
Dummy for Sex of the Household Head (1 if male) 0 . 015 

(1.283) 
Dummy for Sou rce of Drinking wat er ( 1 if 0 . 137** 
safe/protected) (2 . 803) 
Dummy for TOl.let Facili ty ( 1 if flush or pit latrine) 2 .1\ 28* ** 

(15 . 435) 
vieal th Inde x 0 . 278*"'" 

(5 . 332) 
Test SlaliSlics H 

X~ 300 . 265 D=- 20 P 0 . 0000 

ilGfI (Mjusted Goodn~ss of fi t Index 0 . 997 
P.MSEA (Rr:>ot :'l~dn Sql;ared Error IIpp=ox. ) 0.084 
SR;':R (St<:lnda ~di ze d Root. Eean-Square Resl.dual ) 0 . Otj6 
ECVI(Expected cross-validation Index) 0 . 201 

Nutc: the values III parcnth~s ls arc t· \alues and where the H'a lut:S arc not r~ported the IIldrcators ar~ sct ~qual to onc • u n:pre~ents 

~ Ignlficancc at 99%, .. represents srgnific:lncc:lI 95% and t represents significance at 90% .• refers to the squ:ncd mul tip le correlations. 

1-1 Interpretation 3nd assessment criterion is presented in section 3.6 and 3.8 
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The above Tab le 4 .1 and the pa th diagram in Append ix C depict the M IMIC modds result to r 

child health containing both the measurement mode l and the structural model. The selected 

indicato rs tor the latent var iable child health are the ,reighl:/or-age ~-score. the heiglil:jOr­

age ~-scores and the corc-girer perceived relatire heallh slallls of the ch il d as compared wit h 

p eers of same age. The factor load ing of the variab le I-feighl:/iJr-Age :.-score has been set to 

be equa l I to assign a unit of measuremcnt fo r the latent construct and avo id the prob lem of 

indefiniteness. Hcnce this vari ab le and the late nt construct are se t to be equal. 

T he Table 4. 1 above al so shows the ove rall fit of the model. The test results show that the 

overall fit of the mode l is very good as indicated by Adjusted Goodness-of-Fit Index (AGFI), 

Root Mean Squared Residual (RMR), and the significance of %' , that the overa ll fit of the 

models is very good. A very high AGFI of abo ut 99 percent, a lower Expected Cross­

Validation Index (ECVI) of about 0.22 1 and significant %' and low SRMR of about 0.046 

suggest that the model fits the data very well. 

The squared multiple correlation (p) which is al so interpreted as a measure of the reli ability 

of each indicator, are rather modest. The highest p is 0.52 for the dummy 0/ comparalive 

heallh indicates that 52 percent of the va riation in care-give r perce ived child hea lth status is 

exp lained by late nt health status vari able, wh ich is the permanent health state. The lowcst p 

is only 0. 13 lo r Weighl-jiJr-Age z-score. Othcr stud ics havc also reported problcms in trying 

fit a single latent var iable model for hea lth related behaviors (Boniface and Tefft, 1997; 

Kii skinen, 2003), and it may we ll be the case that mo re than one dimension must be inc luded 

in such mode ls. Howe"er, the mode l is already re latively large. and therefore it is not a 

desirablc strategy to increase the number of observed variables in this part of the model In 
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o rder to allow for the multidimensional nature of t:1c to rs a tTccti ng child health. 

H owever, the t-s tatistic s shows that a ll of the indicators se lected are very signiti cant at 99 

p e rcent confidence kvel. The model reliability es timate Root Mean-Squared Error of 

Approximation (Rl\t[SEA) shows in the above Table 4.1 that the model is reasonable to the 

data with 0.084. The t- sta tistics al so shows that except the dU/II/IIy fo r J'v[easles Vaccination 

( l if yes) and duml/ly for Head 0/ the Household (1 if male), all the rest of the independent 

ex ogenous variables are significant factors that determine the leve l of chi ld health status. W e 

or ganized our discussion of these estimates as follows. 

HOllsehold/lndividual characteristics 

The study finds evidence that there is a wide spread negative impact of an increase in the 

ration of household size to number of rooms in the household on child health. This implies 

tha t the higher the number of people sharing one room in the household the lower the health 

status of the child. This may result from congestion effects resulting in health disorder and 

easy transmission of diseases among the household members. This result is consistent with 

many o ther studies among others include Alderman (1990); Sentayehu (2004); Shehzad 

(2006) and Behrman and Wolfe (1981) who showed that an increase in household size has a 

negati ve relati on with child health and nutriti on. 

The variables indicating the age and sex of the child are not incorporated In the model 

because the indicators of the latent construct are ge nder and age standardi zed. 

The dumm y variab le represen ting the sex of the head of the household is found to have a 

pos itive relationship with the health stat us o t' ch il dren, but it is insigniti cant. Thi s impl ies, at 
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kast from the relationship that in those households headed by male the hea lth status o f 

chi ldren is higher. This is may be because of the divi sion of labor that exists in the household 

lo r work outside the household and home care fo r children. 

['arenlal edllcOIion 

The model also has shown that mother' s educa ti on has a significant positive re lation with the 

health status of the ch ild , This implies that a child whose mother completed at least primary 

school has a higher health status than others. The main reason as justified in the literature is 

that, child-care is the primary responsibility of the mother, whereas, fat hers are responsible for 

breadwilming and earning. Moreover, more educated mothers may have hea lthier children 

because they have better knowledge about health care and nutrition, have healthier behavior, 

and provide more sanitmy and safer env ironments for the ir children (Behrman and Deolalikar, 

1988, 1990; Strauss, 1990; Thomas et 01. , 1990, 1991 ; Desai and Alva, 1998; G lewwe, 1999; 

Currie and Moretti , 2003). 

In addition to the nurturing effect, nature cou ld also play an important role . More educated 

mothers arc more likely to have bettcr health, which genetically leads to better health for their 

children (Behrman and Wolfe, 1987; Wolfe and Behnnan, 1987). The identification of 

mother's education as a major determinant of chi ld health status enables us to evaluate a 

development pol icy of parental education. The result of thi s paper in relation to mother ' s 

education is consistent with the findings of othe r studies such as Alemu el al. (2005b); Chen 

and Li (2009); Christiaenscn and Alderman (200 I); Barrera ( 1990): Thomas el 01. (1990a); 

Senalll' and Garcia (199 1); Escoba l (2005); Shehzad (2006); Silva (2005); Woldemariam and 

Timotios (2002). 
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Howeve r, it has been also proved in other studies same us ours (S hch zad , 2006 and 8du'man 

[tnd Wolfe. 198 1) that an increm cnt in t~lther' s education has a pos iti ve effect on child ren's 

11 calth status. Therefo re, it can bc sa id that an emphasis on parental educat ion for improvement 

in ch ild health should bc integrated in the overall health sys tem development poli cy. 

H ousehold Wealth 

The lI'ealth index which is an indicato r o f househo ld economic status appea rs to have a 

substanti al impact on child health which is significant at I percent signifi cance leve l. 

Specifically, an improvement in the wealth index by just a unit brings 0.28 units improvement 

in the hea lth status of children. Therefore , we conclude that our estimates are consistent wi th 

there being an important influence of the household econom ic status on the health status of a 

child. Tn other words, it means that as the economic status of households gets better, the 

health status of a child improves . The same result has been obtained for the household quality 

index with a lesser significance level as compared to the wealth index. 

Our result shows that at 10 percent level of significance a decrease in the household food 

avai lability has a negative consequence on the health status of children which is consistent 

with our prior expectation. Thus, this implicates to the fact that variability in the ava il ability 

of food in the household makes the health status of children volati le throughout their lives. 

We have found thus a support to our earlier proposition that "you are what you eat" . The 

result is consi stent with that of Behrman and Wo lfe (1980); Dcrcon and Hoddinot (2003) and 

Alemu et 01. (2005). Thercfo re, the elimination o f factors wh ich make the food availability at 

home vo lat ile has to be reduced if an increased level of chi ld health is to be maintained. For 

instance, since most people in Ethiopia depend on agriculture for thcir live lihood an effort 
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1:H1s to be made to el im inate a ll facto rs that make the level of agri cultural output variable s uc h 

:L5 looki ng tor ways of tra nstorming the rain ted agri cul ture to 3n irri ga tion sys tem. 

GOl'emlil ent Policy \'{/riablesl Public Em'irol7l11ellfs 

T he dum my variab le on ,'vleasles Vacc ination, though insigniticant has the expected sign . 

T his result imp lies that those who did not ge t vaccination with meas les have low leve l o f 

health status as compared with those vacc inated. Th us this impli ca tes to the fact that if the 

government ex pands the avail abil ity of centers for vacc ination service such as primary hea lth 

centers in a ll areas, the level of child health status will be improved. In other words, a ll 

po licies that support and advocate for the expansion of health extension service, the 

co nstruction of health centers and increasing the number of trained health personnel thus 

have pos itive impact on chi ld health. Any policy move against thi s, such as a shifting of 

budget to other priority areas will have a profound negative consequence towards the nation 'S 

ear ly child health status. 

The dummy fo r mam source of drinking water for the household was found to be 

dctermining the child health pos itive ly i.e. those children who live in a household usmg a 

sa fe/protected drinking water have higher hea lth status. Thus, we can argue that a policy that 

pro motes the deve lopment of clean wate r supply in a commun ity al so improves the health 

sta tus of ch ild ren. The refore, a governm ent that has a set goa l of im prov ing the healt h status 

of c hild ren with the unde rstandi ng of its long te rm consequence on the future generat ion has 

to put much effo l1 in improv ing the access ibil ity of clean drinking water supply in a 

cO l1l mun i t y. 

57 



Similarly, the dumm y for the Iype o/Ioiiel /acilily is found to be the mos t significant po licy 

variab le a ffecting child hea lth. The result shows that those who usc a flush or pit lat rine to ilet 

fac ility ha ve a better hea lth status than otherwise. This result is consistent with the theo ry that 

c leane r public environment improves the hea lth status of the people living in the area. It 

means ·thus that if a child hea lth state is to be maintained at the highest level the 

community/household has to have the awa reness about the impact of sanitation and hygiene 

on thei r health status. This can be ac hieved by strengthening the capacity of health centers in 

rural and urban areas in improving the awareness of the community/household about hygiene 

and sanitati on. Thus a development policy that increases the accessibility of health centers 

ancl that improves the capac ity of ex isting health center facilities is hence encouraged. 
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4.2 Determinants of Transitory and Permanent Health. 

In thi s model wc try to diftcrentiatc between transitory and pcrmanent health SIatus of the 

chi ld \\hich enabled us to know the impact o f the exogenous variables in the short term health 

state and the long term hcal th state separate ly. The fi rst late nt variable we disc Lissed in the 

previous sect ion is re tained with its indicators andwc add the transitory health state by us ing 

three other ind icators that are a dummy for having Cough in the last 24 hours (I if yes), a 

dUllllllyfor having Fever ( I if yes) and dummy for Vomit evelything in the same time period 

as before (I if yes), that are all temporary health states. In this model also the variable 

Height-for-Age has been set equal to one in order to ass ign a unit of measurement for the 

latent construct and the same has been done for the dumm y variable fever in the transitory 

health state latent construct. " 

The standardized solutions and t-values are reported below. A ll the indicators used are 

significant and are in the expected right direction. The new latent construct transitory health 

status of children has been well represented by the three indicators Cough, Fever and Vomit 

'Nhich are all found sign ificant. The basic MIMIC model output estimates and t·va lues for the 

two latent variables model is presented in path diagrams in Appendix D.I and Appendix D.2, 

respectively. The following Table 4.2 below summarizes the resu lts obtained li'om the 

LISREL estimation with the test statistics for eva luating the model fit. 

15 I-Io\\~wr. in this P;lrl o fth~ modd the incorpor:l tion of ndditil.JI1al exogenous \ ariabks wns Cl1nstr:1in('d hy thl.: 15 \ ari:1bks 
ma.\imtlJ11 qU0tn set h) thl.! sttJ<knt \t:rsion or LISREL computer rackagl.!. 
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Table 4?' Estill1~tion result of MIMIC model with two latcnt variablcs , 
'hlriabl~s C HEALTH . , CH TEt·1PO •• - p - p I Measu rement models No . of Obse rva t iO!l-18IJ 5 

~'!e iqh c - fo r-.~'Je Z- score 0 . 030 " • 0 . 13 -

('I . ·170 ) 

He i'1h: - for-;:..qe ;~-sco:::-e 1. COO' O. ·;0 
Dummy for Compdrative Health ( 1 if 0 . 158 '" 0 . 52 -

same or bet ter) (5 . 214) 
Dummy for Fever ( 1 if yes) - - - 1.000 0 . 36 
DUrPJny for Cough (1 if yes) - - -1 . 056'*.1-* o . 48 

(-19 . 877) 
Dum.'11Y for \famie ( 1 if yes) - - -1. 060'" 0 . 40 

( - 20 . 050) 
Structural Equa tion models 
Dummy for Sex(l if male) 0 . 002 - 0 . 003 

(C . 193) (-1. 291) 
Ratio of Household size to No . of C. 008'~** - 0 . 148* ** 
Rooms (- 3 . 803) (14 . 633) 
Dummy for Father ' s Educa t ion ( 1 if 0 .44 1*** 0 . 056 *** 
completed primary) (6 . 554) (7 . 714) 
Dummy for BCG Vaccination ( 1 if yes) 0 . 043** 0 . 003** 

(2 . 366) ( - 2.935) 
Dummy for Mother ' s Education ( 1 if 0 . 282*** - 0 . 019*** 
completed primary) (5 . 265) ( - 3 . 351) 
Dummy for Decrease in food 0 . 271 0 . 0 49 
Availability ( 1 if yes) (-0 . 570) (1.089) 
Dummy for Source of Drinking water 2 . 216*** 0 . 139*** 
(1 if flush or pit latrine (15 . 444) (-2. 144) 
Nealth Index 0 . 232* 0 . 039** 

(1.541 ) (2 . 544) 
Dummy for Distance from Health 0 . 109 - 0 . 035* 
center (I if less than 10km ) (0 . 574) ( - 1.707) 

Goodness of F~t Stat~st~cs 
Chi-squa r e 677.9 78 P-value - 0 . 0000 OF-44 
SRMR(Standardized Root r4ean Square) 0 . 048 
ECVI(Expected Cross Validation 0 . 284 
Index ) 
AGFI(Adjusted Goodness of Fit ) 0 . 965 
RMSEA(Root Mean Squared Error 0 . 081 
ll.pprox ima t ion) 

" -0 0 Note. Norrnallzed to equal onc nnll T-vaJucs are prese nted III parcnthesls where on . represents 99% sIgnificance leve l, H 9) Yo ami'" 90 Yo 
# refers to standnrdlzed JIlultiple COITciatlons. 

In the above model the squared multiple con'e1ation (p) fo r the permanent health status 

remai ned the same as before whi le for the transitory hea lth status p is relati vely better. The 

highest p is 0.48 for the dummy vari ab le cough which implies that 48 percent of the 

variation in havi ng feve r is explained by the latent transitory health status. We have 0.40 and 

0.36 for the variab les VOlllil andrel'er. respec ti vely. 
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The results show that the ove rall fit o f the model is good as indicated by Adjusted Goodness 

o f Fit Tndcx (AGFT), Root Mean Squared Res idua l (RJ'vIRJ. and the sign ilicance o f ch i square. 

A very high AGF I. signiticant chi square and low RiVlR and ECV I suggest that models tit the 

data ve ry wdl. The signs in the measurement mode l are in the expected right direc tion and 

their effec ts are signilieant. The Table 4.2 above shows ali the resul ts o f the basic model 

est imates in their standardized so luti ons. 

In the structural equations, except Decrease in Food Availability and Healthcare Access all 

the rest of the variables appear to be significant fac tors that affect the ch ild 's permanent 

hea lth state between 95 and 99 percent leve l of significance. On the other hand, except 

Decrease in Food Availability and Sex all the rest of the variables appear to be significant 

factors affecting transitory health state with between 95 and 99 percent level of significance. 

Before proceeding with the interpretations , an inquiry about the existence of a plausible 

adjustment in the model that would mcrease the fit of the model was made usmg the 

modification indices that is available in L1 SREL. The modification index is calculated by 

complete ly changing the ind icators used for one latent variable to the other. In this paper' s 

particular case the indicators for the permanent chi ld hea lth were taken to represent the 

transitory child health and the indicators of the transitory child hea lth to the permanent one. 

The modification indices for the above MIM IC model are presented in the path diagram m 

Appendix D.3 . The Table 4.3 below also shows the resu lt of the moditi cat ion indices . 
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Table 4.3: Moditication indices fo r the two laten t varia ble :vtt MtC models 

'J ar iables C HEALTH CH TEr'lPO - -

:.J c igh ( - for - P·.ge ::-score - - 2 . 398 

rt<::! ighc- for -f\g e z-score - - 53 . 510 

Comparativ~ Health - - 227. 433 

Dummy for fever 11 if yes) 1.110 - -

Dummy for Cough 91 if yes) 5 . 573 -

Du rnmy for Vomit 11 if yes) 2 . 320 - -

The Table 4.3 shows the index of change that would come if we exchange the indicators used 

for the two latent variables. The largest modification index is for the variable Comparative 

Health which is equal to 227.433. This implies that it gives a significant better fit to the 

model if Comparative Health is used as an indicator of child transitory health status than the 

permanent health status. This suggestion is acceptable and may have come from the 

difference in the unit of measurement of the vari able Comparative Health with those of 

Height-for-Age and Weight-for-Age z-scores. 

Accordingly, the variable comparative health has been moved to indicate the latent variable 

transitory child health. This has actually improved the fit of the mode l s ignifi cantly as 

presented below. The newly estimated result is presented in a path diagram in Appendix 0.4 

with the t-va lues in Appendix 0.5 and thc summary table is presented below; 
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"hble 4 4' EstimJtion result ot'i'.;[JMI C model with two bten t vJ ri Jblcs Jtter modit-i clt ion c c , , , , , 

I ·.Ja.riabl~s C HEALTH " ~j CH TENPO p -~ - p -
I .1/eosuJ'elllenf mod!!! .vo. o(Obs/!/,vafiol/s - 18.;5 

'Ih~ight - for-;''\ge z - scor0 O. 031· d 0 . 13 - -
( 4 . 38) 

Height - fer-Age z - score 1 . 000 1
' 0 . 38 - -

Dumm y fvI: CC:i1pa ra ti "l e Health ( l if ~'<.llnc 01" bett~r) - 3 . 2!::1 3"" H 0 . 17 
(15 . 527) 

CU!1'.f!l y for Fi.:: v::: R ( 1 it ":'05 ) - -1. 000" 0 . 36 
Durr.m y for COUGH ( 1 if Yes) - - 1.020 · ... • o ~ " . ,0 

( - 21.089) 
DUITuny for IJm.JIT ( 1 it Yes) - -1. 028 " -' " 0 . 40 

( - 21.1<10) 
.)'/nlclll rallllOrld 

Durruny for Se x ( 1 i: i'lale) 0 . 007 - 0 . 003 * 
( 0 . 012) (1.6 39) 

Ratio of Household si ze t o No . of Rooms 1n the - 0 . 006 -0.158**'" 
household (0 . 079) ( - 15 . 869 ) 
Dummy for Father ' s Education ( 1 if completed O. 391*"'* O. 05S-kh 

primary) (5 . 485) (7 . 962) 
Dummy for tlJothe r' s Education (1 if compl e ted 0 . 344"'** -0 . 0 21** 
primary ) (6 . 124) (-3 . 675) 
Dumm y fo r BCG Va ccination ( 1 if yes) 0 . 032 * 0 . 004** 

(1.813) (3 . 355 ) 
Dummy for Decr e as e in Food )l..vailability ( 1 if 0 . 140 - 0 . 032 
yes) (0 . 283) ( -0.725 ) 
Dummy for Source of Drinking lo'later (1 if 2 . 292*-H 0 . 025* 
safe Iprotecced) (15 . 707) (1.824) 
!ileal th Index 0 . 075 0 . 030* * 

(0 . 521) (2 . 092) 
Durruny for Healthcare Access ( 1 if < 10km) 0 . 085 0 . 015 

(0 . 432) (0 . 756) 
Test statistics 

X-(Chi-Sauar~ 428 .43 0 DF-44 P-O . OOOO 
ECVI(Expected Cross Validation Index) 0 . 204 
RMSEA (Root 1"lean Squared Error of Approximation) 0 . 0632 
SRHR(Standardized Root Mean Square) 0 . 0232 
AGFI (Jl..djusted Goodness of fit Index) 0 . 99 7 

No te: n Nonnalrzed to equal one and T-va lues are presenlcd In parenthesIs where *** represents W /o slglllficance level, ** ?5% and * mo 
~ re fe rs to the sq uared multiple correlations. 1- S)O 

As the Table 4.3 above shows the estimates of the test statistics representing the fit of the 

model has greatly improved when the variable comparative health is used as the indicator of 

the latent transitory health status. This has been reflected in the improvement of the AGFI 

from 96.5 to 99.7 percent and the fa ll of the value of RlvlSEA, SRMR and ECVI wh ich 

shows the im provements in model tit. 

In thi s model also, the measurement model' s indicator variables are in the expected right 

direc ti on and they are signi (ieant at 99 percent sign itieance leve l. The interpretation of the 

above model is organized as fo llows. 
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Ho//sehold/ lndi \'i,1I101 c/wracteris/ ics 

-rhe signilicancc of the variable Sex shows th~ t be ing male has a ne gative rc l ~t i on with 

tc~ns i tory and though ins ignili can t a positive rda ti on with permanent hea lth state. Thi s is 

may be true male ch ildren are morc exposed to the oute r env ironment and therefore, may 

become morc prone to tempo rary il lness. Shehzad (2006) argued that there are no conclusive 

results for the direction of ge nder bias and it is clea r that g irls are not as often taken to the 

health care faci li ties as compared to boys and reccive less atte ntion from thei r parents. The 

re s ul t of this thesis also confirm that although, boys are more prone to temporary hea lth 

illness due to more outer exposure, they may have accessed better health care fac il ity as 

compared to girl s which justifies the reduction in the significance of the factor load ing for the 

permanent hea lth state. 

In thi s estimation resu lt interpretation, however em phasis has been placed to the impact of 

Sex on the transitory health state rather than on the permanent health state as the indicators in 

the permanent health state are age and gender standardi zed. 

The ratio of household size to the total number of rooms in the household shows that the 

high er the num ber of individuals livcs in one room the lower the health status o f children in 

bo th thei r permanent and transitory states but it is signifi cant onl y in trans itory hea lth status. 

The effect of ho usehold size per room on child 's both permanent and trans itory health sta tus 

be ing negative is may be a result o f congestion effects and lower income share per head in 

the househo ld. Our result is cons istent with the tindings of Chri st iaensc n and A lderman 

(200 I), Wolfe and Behrman (1981), Tirfe (2006) and o thers. This result proves the fac t that 

transitory health status is determined by temporary situations/events in the household. 
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Parcntal Edllcation 

In thi s model bo th fathe r's education and mother 's education arc fo und to be signiticant 

f~ l ctors affec ting the pe rmanent health state positively. That means those ch ildren born from 

ed ucated parents will have a better permanent health. We interpret these results to retleet the 

effi ciency of the women in household production, wi th the above mentioned caveat about 

sc hooling representing tastes and genetics. However, in thi s mode l the transitory hea lth is 

affected negative ly by the mother 's education. This can be because the educated mother has 

some job to do outside the household and has less time to follow up her ch ild for temporary 

hea lth deviations. 

On the impact of mother 's education on the permanent health status , it can also be because 

mo re educated parent produce better child health as a result of their improved awareness of 

hea lth related matters. They are a lso more capable of using the medica l advice when children 

are sick and can help in quick recovery by taking care of nutrition and food intake of 

children. Similarly, more educated mothers are better producers of chi ld health. The effect of 

education works through increased awareness and sc ientific understanding of disease 

causati on. Bettcr-cducated mothers appear to demand fewer hi gh quality (healthy) children as 

compared to more unhealthy children. 

Household wealth 

The wea lth index that shows the househo ld economic status is signi fi cant only in determining 

the chi ld 's temporary health state. This may have come fro m the fact that those households 

with a higher economic status have the ab ility to pay for medica l care costs fo r their ch ildren 

to recover from temporary illnesses. On the other hand, chi ldren born from a household with 
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a lower economic stat us ha ve to lVait until the ir illness gets worse and may not even visit a 

medical center \vhat so ever. 

Government policy mriableslPublic Environment 

Here in this model the BeG vacc inati on has been taken in place of Meas les Vaccination as it 

became significant. The model' s output depicted in Table 4.4 shows that BCG vaccination is 

a significant factor determining child health 's transitory health at 95 percent significance 

leve l and permanent health at the 90 percent signi ficance level. The significance of the 

variable BCG vaccination shows the importance of expanding the availability of health center 

providing this service in the community. The vacc ination variable is more significant in 

affecting a child 's transitory health status than permanent health as it helps them resist 

diseases. Taking it as the indicator of the impact of policies on children, one can argue that 

government policy that improves the level of health service delivery in the community 

improves the health status of children. 

A s imilar output is obtained for the source of drinking water. However, the result obtained 

for the source of drinking water shows that it is much more significant in determining the 

children' permanent health than their transitory health . This is may be because the lack of 

pure drinking water leads to temporary health deviation but this might have led to a 

cumulated disorder in the permanent health state of the chi ld. 

The model' s output a lso showed that ch ild 's perm ane nt hea lth state has a positive and 

significant effect on child ' s transitory health as seen from the standardi zed correlation 

between the two laten t vari ables in the structural model's path diagram presented below. This 

means that children with be tter permanent hea lth can cope with transitory hea lth dev iat ions. 
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Figure 4. 1: Standardized co rrd at io n bct\\"een the tlVO btent va riables in th e structura l m ode l. 

Th e above fig ure shows that there exi s ts a very high corre lation between the permanent hea lth status 

and the trans itory hea lth s tatus. The t-stat is tics (n ot repo rted) also shows tha t the corre lat ion is 

s ignificant at I percent leve l. This implies that pub li c policy make rs should target those dete rmi nants 

tha t s ign ifi cantly affect the pe rmanent hea lth status as this wo uld he lp to indirectly affect the 

trans itory hea lth state. In other words, pol ic ies or interventio ns that positively affect the pe rmane nt 

heal th s tate can s igni fi cantly im prove a lso the trans itory hea lth s tate s ince th ose with strong 

perman ent health state will be ab le to co pe with tempo rary health dev iatio ns and the vice ve rsa. It 

a lso m eans that a good permanent hea lth statu s ena bles the ch ildren to overcom e m o rb idity 

and helps in quick recove ry. 
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Chapter V 

Conclusion and Policy Implication 
5.1 S um ma ry a nd Conclus io n 

The corre lates o f early childhood health status were identified by using a simultaneous 

equation anal ys is of the multiple causes and multip le indicators model. 

In thi s particu lar paper an estimate was provided with a mixed demand-production funct ion 

for child health in Ethiopia. This is because ch il d hea lth is assumed to be determined by some 

inputs from the structural production function and some variables from the reduced form 

demand relations. 

The results are comparable to other studies and also add to the understanding of the con'elates 

of child health in Ethiopia by using new techniques. Structural equation models have been 

estimated with unobservable variables. Such techniques have been successfully used among 

others by Wagstaff (1986, 1993), Van Doorslaer (1987), Behrman and Wolfe (1987), 

Kiinshnin (2003) , Shehzad (2004, 2006) and Andreas and Freidrich (2008). 

Joreskog and Sorbom (1989) show that LlSREL uses confi rmatory factor ana lys is and 

structura l equat ions typica ll y as soc iated wi th econometrics to explain latent (unobservable or 

theoreti cal) variables. A specia l case of these re lati ons is MIMIC models that links the two 

parts o f structura l re lat ions es timated in L1 SREL ; the measurcment part and the structural 

part. The estimat ion of M IlvlIC models for child health enabl es to capture complex relations 

in the measurcment model and see how the ir validity is affccted after th e introduction of the 

structu ral equat ion mode l. The method o f es timation is weighted leas t squares that provides 

cons istent estima tes of parameters under the ass umption of normality and is qu ite robust 
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against d<:partures from norma li ty. Result s o f MIMIC models show that unobservable chi ld 

11ea lth states can be rcpresented by severa l obse rvable hcalth indicators . The measurement 

model uncove rs complex and di verse relationships that exist between obsa vable hea lth 

indicators but uno bservable health states . 

Other studies that estimate child health for example, Thomas eI 01. , (1991), Barrera ( 1990), 

A lderman and Garc ia (1994) use a single health ind icator as height or weight for age as the 

dependent vari ab le. However, as Behrman and Deolalkar (1988, p. 650) observe, " the 

measures differ significantly in regard to their costs and measurement errors and may 

represent different dimensions of health status". Hence, they urge the need to use multiple 

indicators to represent hea lth status in an empirical analysis. Outputs of this paper show that 

the use of MIMIC models lead to a more comprehensive understanding of the determinants of 

child health as compared to other studies that rely on single health measures. 

The Young Lives data contains rich information on relevant child health indicators and 

results identi fy signi ficant effects of fam ily size, housing characteri stics on transitory health 

distortions . Child illnesses such as cough and fever are affected by family size to number of 

rooms, housing and parental education. Results imply that incidcnce of these illnesses can be 

reduced by improving housing characterist ics (piped water, san itation etc). Child's pelmanent 

health has a significant positive impact on ch ild' s transitory hea lth deviations. A good 

permanent hea lth status enables the children to overcome morbid ity and helps in quick 

recovery. However, factors like famil y size can produce more respiratory infec tions through 

increased person-to-person contact. The results support the vicw that ch ildren from large 

famil ies have deteri orated permanent hea lth and the e ffect operates through lower per head 

Income. 
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The resu lt of this p3per supports Grossman's technical efticieney hypothesi s: edllcalion acls 

US an efficiency increasing facIal' in prodllcing heallh. This is because more educated parents 

arc able to produce more health output for a given leve l of usc o f health inputs in both of the 

m odels we estimated. Th is is because the 3rgument that more educated p3renL particu larl y 

that of the mot her, prod uce better ch ild hea lth because of their improved aW3reness of health 

re lated ma tters has been conlirmed in thi s study. 

Simi larl y, more educated mothers are better prod ucers of child health . The effect of education 

works through increased awareness and sc ienti fic understandi ng of disease causation. The 

sign ificant effects of these variables are evident but sometimes, may result in collinear 

effects. In structural equation models, a very high multi-co llineari ty is unlike ly to happe n and 

is assumed absent as this will resul t in singular covariance matrices that cannot perform 

certain calculations (Matrix invers ion) and prevent structural equation estimation. However, 

in present result of this paper, multi-coll inearity has not been found to be a significant 

problem. 

Thi s thes is work fo und that the ralio household size 10 Ihe 1010/ nUlllber of roOIllS in the 

household a negative relat ion with the health status of children in both their permanent and 

trans itory states. This can be a result of congest ion effects and lower income share per head 

in the household. 

The weallh index that shows the household economi c status is sign ificant onl y in determ ini ng 

the chi ld' s temporary health statc. The significance of the variable Bee ,'aeeinalion shows 

the impon ance o f expanding the availability of hea lth ccnte r that provide the vacc ination in 
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the community. The vacc ination vari ab le is more signilicant in affecti ng a child' s transitory 

heal th stat us as it helps them res ist di seases . 

T he mode l' s output also sholVcd that c hild 's permanen t hea lth state has a pos itivc and 

s igni tica nt elTec t on child 's transito ry health as seen fro m the standard ized correlati on 

be tlVee n the two latent variables in the structural. 

Finally, from the ev idences given one can conclude that, des pite the ex isting constraints, 

parel1lal education, household size, source of drinking \Vater, vaccination availability and 

accessibility etc arc among the important correlates of early childhood hea lth outcomes in 

Ethiopia. These results have implications fo r social policy, where improvement in the above 

mentioned variables is positively linked to improvement in earl y chi ldhood health and better 

overall health state in the future . 
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5.2 Policy Implication 

The findings of the empiri cal ana lys is show that among othe rs paren ta l educat io n, 

infrastruc tura l deve lopment in terms of hea lth i~l c i l ity and househo ld size arc the mos t 

im portant determinan ts. The househo ld food avail ab il ity and the econom ic status of the 

household are al so signi fica nt dcterminants at d ifferent lcve ls of signi tica nce. The stud y also 

conti rmed that the causes of poor health in childhood are complex, multi·dimensional and 

interre lated requiring a ca reful understanding of the problem to implement effec tive po licies 

and programs. 

Consequently, intervention programs on parental education or in general parent 's status 

would contribute to the effort towards improving the hea lth status of children. In particular, 

con sidering the low level of mother 's education at national leve l and especially in rural parts 

of the country, policy actions that are meant to improve the educational status of women are 

critical in addressing the problem through improving their income earning capacity and also 

enhancing the quality of care and attention they provide to their children. From theoretical 

arg ument perspecti ve, with a caveat about identi fy ing efficiency from generic or taste s 

effect s, we believe that women ' s schooling represents an important mechani sm for improving 

child health through increasing eftic iency in household production. But for such schooling 

the investment pcriod is too long (Wolfe and Behrman, 1981 ). Adult education programs 

directed towards hea lth practices may be more e ffi cien t, a lthough we don't have data to test 

thi s poss ibility. 
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In add ition to that. gove rnment po li cy makers are advised to des ign and implement a 

popu la tio n poli cy which contro ls fo r large fa mily size as the study fo und that the rat io of 

household size to the number o f rooms is a signifi cant corre late o f' ch il d health. 

Our result shows tha t good quality basic services and in parti cul ar primary hea lth and 

drink ing water are an essential complement to econom ic strategies aimi ng to promote child 

health. G ive n the critical im portance and life long effects of good health they play an 

es p ecia lly critica l role for childrcn. In most contexts, even with a decline in state ex pend iture 

on bas ic serv ices due to austerity programmes or war, the state continues to have pri mary 

responsibility for co-ordinating and providing such services and may we ll be the on ly 

organisation ab le to support and maintain serv ices, particularly in iso lated areas. SUPPDlt for 

basic social services, should, therefore concentrate on supporting state capac ity. Where the 

state is unable to provide basic social services for all, alternatives - provided by NGOs, 

religious organisations, or grassroots organisations are essential. Whilst in some contexts, 

such organisations playa vital role in providing services in under-served areas as among 

private and church schools that may be increas ing inequities by providing a superior serv ice 

to those who can afford to pay. 

Aid can play an important ro le in assisti ng governments lacking fina ncia l capac ity to deliver 

good qua lity bas ic services to a ll fa mili es and children. Debt re lief linked to expenditure on 

soc ial services wo uld clearly be of immense bene fi t to children. A reduction in military 

expenditure - which in many countries wi ll depe nd on confl ic t reso lution - and inves tment of 

the resources freed lip in basic serv ices is a re lated priority. 
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Within sectora l budgets. the d istribut ion of spcnd ing is o f profound significance fo r 

improvi ng child hea lth. To bcnd it the majo ri ty o f poor children, expenditures must be 

o ri ented to primary hea lth care, sa fe rura l water su pply and sanitation. 

T hese ins ights, therefore with the support of o the r studies prov ide a better basis fo r pred ic tion 

and po li cy anal ys is regarding child health in Ethiopia- and thus for improving current and 

lon g-run wel fa re. 
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Appcndices 

Appendix.-\ ; Deriving the MIMIC model's covariancc Matrix 

The M fi'vI IC model' s structural and measurement equations are 1/, = y'x, + ~, 

and y, = A 1/, + c, , respec ti vely . Expressing thi s mode l in terms of eovar ianees gives: 

I=( Var(y,) COV(y" x,)JJ[y, ][y' ]J 
CO\l(x" y,) Var(x,) l x, x, . 

After tak ing the transposes, multip lications, and making use o f the assum ptions that: 

I. The variances are measured as deviations from mean, i.e. 

E(17,) = £(x,) = £(~,) = fe y, ) = fCc,) = 0 

2. T he error terms do not corre late to the causes, i.e. £(X'~'i) = £(~, x',) = 0 and 

£(X E:' ) = £(E: x' .) = O· I I I I , 

3. The error terms do not con'e late across equations, £(E:,~ ' , ) = £(~,E: ' , ) = 0; and 

4. The errors of the measurement model do not correlate to the latent variab le, 

I.e. 

£ (17,E: ',) = £(q!',) = 0; 

We distribute the ex pectation operator and can thus deri ve both the variance and 

covari ance between the observable variables. By doi ng this, it follows that: 

= AE(I7,I/ ',)A '+ 0 , 

= ;" E[CY 'x, +~, )Cy'x, +~,)'J A '+0, 

= ),E(y 'x,x', y + y' x, ~ ', +~, x', y +~, ; ',)/l '+ 0 ,. 

= ), (y 'cD y + 'P)/l'+0, 
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[(x,Y'') = [ [x, (A I), +c,)' ] 

= [(x ') ' A '+ x [; ' + [; ')' A '+ [; [;' ) 
I I I I I I I I 

= £(X,I7 ',)A ' 

= E [(x,)(y'x, +~,)'] A' 

= E(x r' y + x;-' )A ' ,. I . I':' I 

= CD YA ' 

E(y,x',) = (CPYA ')' 

= AY' CP 

E(x,x ',) = <t> 

Thus, 0 £ is the covariance matrix of the error terms in the measurement mode l; 'f'is 

the variance of the error term in the structural equation; and, <t> is the covariance 

matrix of the causes. Finally, the covariance matrix of the MIMIC model is: 

L =(A(y'<t>Y+ 'f') +0,. A:<t>J 
CDYA ' 'v 
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Appendix B: Compllter package/or estimating SEM: LISREL 

St ructural Eq uation Modeling (SEM) is a re lativel y recen tl y ck vc loped statistical 

technique based upon factor ana lys is and multiple regress ion. When using what 

might be tcnned '·traditional"' stati stics data arc explored. and relationships tested, to 

derive a model. When using SEM a model is hypothesi zed, and the ability of the 

model to have produced the data is tes ted. Most commonl y the result of that test is a 

x.2 value, which gives a probability va lue for a test of equality between the data and 

the model. 

Recently SEM has seen a surge in popularity both internationally, and in the UK 

(Tremblay and Gardner, 1996). This has arisen for two reasons, firstly due to 

recognition of the capabilities and advantages of using an SEM approach,"secondly, 

and poss ibly more importantly is the availabi li ty of user friendly software. LISREL 

(Linear Structural Relationships), written by Joreskog and Sorbom, has been around 

for longer than most other SEM programs, and version 8.80 was released in January, 

2009. LISREL is backed up with extcnsivc documentation on Scientific Software 's 

web pages. 

The latest verSIOn of LISREL (LISREL-Interacti vc) is a considerab lc change for 

anyone familiar wi th oldcr ve rsions of LISREL. LISRE L comes with two programs, 

LISREL and PRELIS (PRE-P rocessor for Ll SREL). Prel is is used fo r screening data, 

and creating the appropriate correlation, cova ri ance and we ight matrices. 
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Both LlSREL and PRELI S have undergone conside rable changes since their prev ious 

releases. In earl y ve rsions. there was onl y one way to enter a Ll SRE L model - using 

LlSREL syntax. Even the greatest enthusiast of LlSREL syntax would admit that it 

has a reasombly steep learning curve. The model is estimated by manipulating the 

elcments of 8 matrices, eac h re ferred to with a Greek letter (/\ " 1\ ., 0 8, 0 ,;, 

cjl , '+', r and B), to estimate means two additional matrices arc required Cr and K). Thc 

LlSREL language has two major advantages. Firstly, it is ve ry parsimonious - a 

model can be written, and communicated, using very little syntax. 1t is also the most 

common language for books and technical articles to use. 
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to> u put or one latent variable Appendix C: Path Diauram of MIMIC 0 t f 
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Appendix 0.1: Path Diagram of MIMIC Output for two latcnt va riables 
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Appcndix D.3 : Suggcs ted modification for the indica tors 

'.'-1 oc : . 1 

, .~ ""'" I "', ::::. :~ 

'~C' ­.. -.--~ 

. , .~ " 0",-:,1 . . .. 1_' __ l .... ~ .~ . 
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, ~ '<F) " '- 1 ..... u 
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:;: _ .: .;:; :. .. .:. :: = : . - . •. - , 
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Appendix DA: MIMIC estintates after the modilication 
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Appendix 0 .5: T-value after modification 
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