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Abstract 

Providing access to improved sources of drinking water and to sanitation facilities are the 

two main types of interventions to stop the contamination from the environment to the 

human body, contributing to reduce the prevalence of diarrhoea, a greater killer of children 

across the world. Applying propensity score matching to DHS 2004 data for Cameroon, the 

study get to the conclusion that access to improved sanitation facilities reduces the 

prevalence of diarrhoea by 1.97% to 6.11% among children below the age of 5, depending on 

the matching technique implemented. Access to improved sources of drinking water did 

have no significant effect on diarrhoea prevalence. The sensitivity analyses show that the 

odds of access to either service or not are not significantly determined by unobservable 

characteristics of children in the sample, meaning that there is no systematic difference 

between both groups of children. Hence, the estimated impacts of WSS interventions in the 

matched samples are unbiased. 
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1. Introduction 

Globally, there are 1.1 billion people without access to safe water supply, and 2.4 billion 

without adequate sanitation. An estimated 2 million children die of diarrhoea every year 

(Kosek et al., 2003). Two out of every five Sub-Saharan Africans lack access to sources of safe 

drinking water (UNICEF/WHO, 2010). About 88% of deaths caused by diarrhoeal disease 

every year i.e. approximately 1.6 million people are attributable to unsafe water supply, poor 

sanitation, and poor hygiene conditions (WHO, 2010). Diarrhoeal disease is the second 

leading killer of children under the age of five in the developing world, accounting for an 

estimated 17 percents of the annual 10.8 million deaths i.e. approximately 1.6 millions (Bryce, 

Boschi-Pinto, Shibuya and Black, 2005). In Cameroon, the latest Multiple Indicator Cluster 

Study (MICS) conducted in 2006 has revealed that the morbidity of children aged 0-59 

months is associated with diarrhoea, acute respiratory infections, and malaria. Diarrhoea is 

the primary cause of death in that particular age group (Cameroun, 2006 : 38-39). 

Improved access to water supply and sanitation is argued to contribute towards many 

development goals, most notably better health in the form of reduced prevalence of 

diarrhoea. A recent UN Report (2008) has pointed out that effective control of diarrhoeal 

disease is crucial for achieving MDG #4 of “Reduce the mortality rate of children under five 

by two thirds by 2015”. However, recent review of the literature (World Bank, 2008; 

Pattanayak et al, 2007; Waddington et al., 2009) showed that the evidence base, especially 

with respect to sanitation, is extremely weak. This study seeks to fill that gap. 

It gathers evidence to address the following questions: Does access to improved source of 

drinking water reduce the prevalence of diarrhoea among children under the age of 5 in 

Cameroon? Does access to improved sanitation facility reduce the prevalence of diarrhoea 

among children under the age of 5 in Cameroon? Or is it the combination of the two 

interventions that affect diarrhoea prevalence among these children? Taking into 

consideration that various drinking water sources has a heterogeneous impact on the 

prevalence of diarrhoea among children in Senegal (Novak, 2010), the research also 

scrutinizes the effect of each sampled drinking water source and sanitation facility on 

diarrhoea prevalence amongst the children group of interest, in addition to the above main 
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questions. This research endeavour is part of a global project of coordinated studies also 

covering Egypt, Philippines, Bangladesh, Zambia, and Peru1. 

This paper continues in section 2 with a presentation of the available data and their sources. 

Section 3 describes diarrhoea prevalence in the country and the relevant factors of influence. 

It then discusses in section 4 how humans get contaminated by diarrhoeal diseases and 

possible ways to combat diarrhoea, forming the base for a theory of change of WSS 

interventions. In section 5, water supply and sanitation interventions in Cameroon are 

specifically mapped across time (1991, 1998, and 2004) and according to the place of 

residence (or region) of the household, type of place of residence (urban/rural), wealth status, 

and educational level of the household head. Methodology is then discussed in section 6, 

followed in section 7 by the presentation of the results of the water supply and sanitation 

(WSS) impact analysis; the quality of the estimation is reported in section 7 before discussing 

the implications for public health policy in section 8. The paper concludes with a discussion 

of the limitations of the study. 

2. Data and sources 

The sources of data are the demographic and health surveys (DHS) conducted in the country 

in 1991 (DHS I), 1998 (DHS II) and 2004 (DHS III)2. It is a national cluster sample survey. 

Households are stratified by place of residence (urban/rural) and a sample proportional to 

the number of households in each stratum is drawn. As indicated in Rutstein and Rojas 

(2006:1-8), DHS are nationally representative household-based survey collecting data on 

marriage, fertility, family planning, reproductive health, child health, and HIV/AIDS. Basic 

information is collected on the characteristics of each person listed as usual members and 

visitors in the selected households, including his/her age, sex, education, and relationship to 

the head of the household. All women in reproductive age (15 to 49 years) and children 

under five in the selected households are identified; those children are weighed, measured, 

                                                 
1
 This research was conducted thanks to a grant by the International Initiative for Impact Evaluation (3ie) under 

the project “Impact of Water Supply and Sanitation interventions on child health: a Multi-country Study”. 

Special thanks are due to Howard White, Executive Director, and to Ron Bose, former Evaluation Officer, both 

at 3ie for their invaluable technical guidance. Pascal Enok of the National Institute of Statistics of Cameroon 

provided some research assistance for this project. 

2
 The DHS datasets were gratefully provided free of charge by Macro International upon request via their 

website tool. I take this opportunity to acknowledge this contribution of the DHS management staff at Macro 

International. 
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and tested for anaemia. In addition, information is collected about the dwelling itself, such as 

the source of water, type of toilet facilities, materials used to construct the house, ownership 

of various consumer goods, and use of iodized salt. In order “to define a standardized file 

that would make cross-country analysis easier”, a recode file was designed for the three core 

questionnaires in DHS surveys: the Household Questionnaire, the Women’s Questionnaire, 

and the Male questionnaire. 

For the impact analysis of water supply and sanitation (WSS) interventions considered in the 

study, the treatment effects was estimated based solely on the 2004 datasets of the DHS. The 

“household recode” and the “children recode” datasets were merged in order to be able to 

include some characteristics of the head of the household in the analysis of the determinants 

of availability and non availability of the various water sources and sanitation facilities (i. e. 

estimating the propensity scores of participating and non participating units). 

Table 1: Data and sources 

Datasets 1991 1998* 2004 

    

Observations in the datasets**    

Household 3 538 4 697 10 462 

Children under Age 5 3 350 2 317 8 125 

    

Valid observations in the datasets***    

Household    

    Water supply variable 3 004 1 981 6 853 

    Sanitation variable 3 061 1 984 6 848 

Children under Age 5 2 919 2 122 6 888 

    

Source of data DHS DHS DHS 

    

Sources: DHS for 1991, 1998 & 2004 

* DHS 1998 dataset includes ONLY children below the age of 3; data on children between 3 and 5 are 

not available. 

** The datasets include the “Dont’t Know” modalities; these modalities will be excluded in further 

analyses. So data size might vary from analysis to another. 

*** Data for children declared died are excluded. After recoding the impact variable (incidence of 

diarrhoea), observations with "Don't know" are further treated as missing values. 

3. Diarrhoea Prevalence and Correlated Factors in Cameroon 

As depicted in figure 1, diarrhoea seemed to strike a greater proportion of children under 

age 5 in the country during the period 1991-2004, with a remarkable drop in the prevalence 

rate in 2004. Overall, the health situation of children is worsening over time. 
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Figure 1: Prevalence rate of diarrhoea among children under age 5 in Cameroon (%) 
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Sources: DHS for 1991, 1998 & 2004, MICS for 2006.  

Child health depends on the characteristics of the child, the socioeconomic status of the 

child’s household as well as a combination of public and private inputs. Findings by Jalan 

and Ravallion (2003) clearly indicate that the wealth status of the household matter for child 

health outcomes. Strauss and Thomas (1995) suggest that mother’s educational level is of 

significance. The household size (number of people in the household), the sex and age of the 

child were significantly correlated with diarrhoea prevalence in Senegal (Novak, 2010). 

Relevant variables also include: age of the mother; religion of the family; type of place of 

residence (rural/urban); household size; access to improved sources of drinking water, access 

to improved sanitation facilities, water treatments. 

Bivariate analysis revealed that all the investigated variables in table 2 below were 

significantly correlated with incidence of diarrhoea using 2004 data at 5% confidence level. 

This was also true for sex of child, region of residence, highest educational level of the 

mother, and religion of the family using the 1991 and 1998 data. 

Table 2: Factors affecting the incidence of diarrhoea amongst children under the age of five 

  1991   1998   2004 

Variables Pearson ² p value   Pearson ² p value   Pearson ² p value 

Sex of child 101.6649 (4) a 0.000  36.2594 (2) 0.000  200.6271 (4) 0.000 

Current age of child (11-month groups) 2.2152 (1) 0.137  0.8079 (1) 0.369  5.7606 (1) 0.016 
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Age of the mother (5-year groups) 13.9009 (6) 0.031  8.7708 (6) 0.187  23.471 (6) 0.001 

Region of residence b 94.2700 (9) 0.000  50.6270 (9) 0.000  239.054 (9) 0.000 

Type of place of residence 4.6404 (1) 0.031  3.5332 (1) 0.060  33.4754 (1) 0.000 

Highest educational level of the mother 27.8957 (3) 0.000  33.1417 (3) 0.000  54.8037 (3) 0.000 

Religion 24.5880 (6) 0.000  11.7829 (4) 0.019  40.127 (6) 0.000 

Household size 46.9977 (32) 0.042  32.6917 (29) 0.290  49.212 (33) 0.035 

Sex of the household head 0.3934 (1) 0.531  7.6850 (1) 0.006  4.5582 (1) 0.033 

Wealth index .. ..   .. ..   62.7925 (4) 0.000 

Sources: DHS data for 1991, 1998 & 2004 (merged). 

a. Degree of freedom is indicated into the brackets 

b. The variable is sprov in the 1991 and 1998 rounds of DHS datasets. It isn’t available in DHS 2004. 

c. Wealth index is not available in DHS datasets for 1991 and 1998. 

The subsequent tables present the distribution of the diarrhoea prevalence rate of children 

under-5 by various influential factors based on the results of bivariate analyses. 

3.1 Child characteristics and diarrhoea prevalence 

Table 3 depicts that consistently over all years the risk for diarrhoea is greater for children in 

their first to second years. During that age period, children have started moving around on 

their knee, exploring vicinity by seizing every object and getting them into their mouth 

including fingers. In general, the prevalence rate decreases as children grow up. The riskiest 

age groups are those under the age 3. Thus children in that age group might face increased 

risk of contamination in relation to their development phase. Waddington et al. (2009) 

reported this phenomenon as one of the diarrhoeal disease transmission routes. In addition, 

the development of children’s immune systems as they get older might also contribute in 

reducing diarrhoea prevalence. 
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Table 3: Diarrhoea prevalence by age of child 

Age group 

Prevalence rate (%) 

1991 1998 2004 

Less than 1 year 17,45 15,31 15,47 

Between 1 and 2 years 28,62 25,60 25,92 

Between 2 and 3 years 18,91 14,35 18,81 

Between 3 and 4 years 11,84 …. 9,83 

Between 4 and 5 years 7,77 …. 8,69 

National average 17,33 18,43 16,14 

Units in the sample (n) 2 919 2 122 6 888 

Sources: DHS for 1991, 1998 & 2004. 
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In the target group of the study, diarrhoea is more prevalent in boys than among girls (see 

table 4). Results are consistent across surveys. Prevalence rates for girls are below the 

national averages. 

Table 4: Diarrhoea prevalence by gender of child 

Gender 

Prevalence rate (%) 

1991 1998 2004 

Boys 18,37 19,18 17,21 

Girls 16,29 17,66 15,08 

Mean=23.56 months ; Median=21 months 
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National average 17,33 18,43 16,14 

Units in the sample (n) 2 919 2 122 6 888 

Sources: DHS for 1991, 1998 & 2004. 

3.2 Mother’s characteristics and diarrhoea prevalence 

The association of the educational level and the age of the mother were analyzed. As 

expected, increased education level of the mother is related to lower prevalence rate of 

diarrhoea among children under-5 as it appears in table 5. 

Table 5: Diarrhoea prevalence by child’s mother educational level 

  Prevalence rate (%) 

Educational level  1991 1998 2004 

No education  22,02 26.26 20,78 

Primary  15,43 15.47 15,92 

Secondary  14,46 16.53 12,78 

Higher  2,86 6.67 2,74 

National average  17,33 18,43 16,14 

Units in the sample (n)  2 919 3,941 6 888 

Sources: DHS for 1991, 1998 & 2004. 

Higher education tends to be associated with extraordinary low prevalence of diarrhoea as 

opposed to the absence of formal education of the mother. 

As depicted in figure 2, lower prevalence of child diarrhoea is associated with increasing age 

of the mothers. 
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Figure 2: Prevalence rate of diarrhoea in children under-5 by age of mother 
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Sources: DHS for 1991, 1998 & 2004. Relevant data are not available for MICS3. 

3.3 Household characteristics and diarrhoea prevalence 

According to the latest available data (DHS 2004), the prevalence of diarrhoea is associated 

with region (p value = 0.000). The probability for a child under the age 5 to get infected by 

diarrhoea disease is higher than the national average in the following regions: Far North, 

North, and Adamaoua. While diarrhoea disease situation is improving over time in most 

regions (North West, Littoral, West, South West, South, East), it has worsened in few others 

(Far North, North, Adamaoua, Centre). Three regions have prevalence rates above the 

national average in 2006 as compared to the situation in 1991 when they were five. Overall, 

the situation has slightly worsened at the national level. 
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Table 6: Diarrhoea prevalence across regions in the country 

 Prevalence rate (%) 

Region 1991 1998 2004 

Far North 24,71 24,39 30,49 

North 25,81 28,24 14,40 

Adamaoua 20,45 21,84 16,04 

East 32,70 23,91 24,95 

South 19,40 15,79 17,74 

Centre 10,65 16,24 18,51 

Littoral 14,93 15,77 9,51 

South West 10,98 10,95 11,90 

West 13,59 8,42 8,98 

North West 11,98 14,29 8,80 

National average 17,33 18,43 16,14 

Units in the sample (n) 2 919 2 122 6 888 

Sources: DHS for 1991, 1998 & 2004. 

The diarrhoea disease status of children under-5 is correlated with the wealth status of the 

household (figure 3). However, it should be noted that the sampling frames in 1991 and 1998 

were designed in order to obtain representative information according to agro-ecological 

zones3. In 2004, administrative regions were used to achieve the same. DHS data in 1991 and 

1998 rounds are representative of agro-ecological zones not of administrative regions. As 

already stated above, DHS are nationally representative household-based survey (EDS 

Cameroun, 2005; Rutstein and Rojas, 2006:1-8) 

                                                 
3
 There are five agroecological zones comprising one or more administrative regions or cities: Yaoundé/Douala, 

Adamaoua/North/Far North, Centre/South/East, West/Littoral, and North West/South West. The ten 

administrative regions are as follows: Adamaoua, Centre, East, Far North, Littoral, North, North West, South, 

South West, and West. 
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Figure 3: Diarrhoea prevalence by household’s wealth status 
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The prevalence of diarrhoea is correlated with the type of place of residence of the household 

(p value = 0.000). Rural areas unlike urban areas have higher diarrhoea prevalence rates. The 

gap is even worsening. Place of residence is a risk factor for the diarrhoeal health status of 

children under age-5. 

Figure 4: Diarrhoea prevalence by household’s type of place of residence 
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Sources: DHS for 1991, 1998 & 2004; MICS for 2006 
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Although the religion was found to be significantly associated with the prevalence of 

diarrhoea among children under age 5 (χ²=40.1270; p value = 0.000), it was not included in 

the WSS impact analysis model (see table 7 below). 

Table 7: Diarrhoea Prevalence by Religion of the Household 

  Prevalence rate (%) 

Religion 1991 1998 2004 

Catholic 45.00 41.84 35.73 

Protestant 25.36 27.94 27.54 

Muslim 22.50 22.27 25.65 

Animist … 3.55 4.05 

Others …   … 0.27 

No religion 7.14 4.40 4.77 

National average 9.01 17.79 16.15 

n (units in the sample)** 3 107 3 962 6 879 

Pearson chi² 24.5880 11.7829 40.1270 

p value 0.0000 0.019 0.000 

Sources: DHS for 1991, 1998 & 2004 

* Children who had diarrhoea within the last 2 weeks 

** "Don't Know" excluded. 

4. Theory of Change of WSS Interventions 

Gareth et al. (2003) have shown that 88 percent of child deaths attributable to diarrhoeal 

disease could be prevented by interventions that are available today and are feasible for 

implementation in low-income countries at high levels of population coverage. Water, 

sanitation and hygiene improvements are the core interventions to break the transmission of 

disease from the environment to the human body, especially diarrhoeal diseases. 

According to a systematic review by Waddington et al. (2009) “water, sanitation and hygiene 

improvements can be classified into four groups of related interventions. Water supply 

improvements include provision of an improved source of water and/or improved 

distribution, such as piped water or standpipes, provided either at public (source) or 

household (point-of-use) levels. Sanitation (‘hardware’) improvements provide improved 

means of excreta disposal, through latrines or connection to the public sewer. Water quality 

interventions provide the means to protect or treat water for the removal of microbial 

contaminants and/or safe storage, at source or POU [point of use]. Examples of water 

treatment technologies include filtration, chlorination, flocculation, solar disinfection, boiling 

and pasteurising. Hygiene (‘software’) interventions include hygiene and health education 
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and the encouragement of specific behaviours such as hand washing. Fly spraying to reduce 

faecal contamination of the environment is another such intervention.” 

In that respect, MDG #7 Target 10 related to environmental sustainability was established as 

to “Halve, by 2015, the proportion of people without sustainable access to safe water and 

basic sanitation” (UN, 2010; ODI, 2010; World Bank, 2004). 

5. WSS Interventions in Cameroon 

Data on water supply and sanitation interventions included in the DHS rounds for 

Cameroon cover access to improved sources of drinking water and to improved sanitation 

facilities. Post-diarrhoea incidence treatments (oral re-hydration therapy, reference to 

hospital, etc.) were extensively investigated in DHS instead of preventive public and private 

measures. 

In this study, we focus on interventions aimed at supplying improved drinking water to 

households and building improved sanitation facilities for two reasons. First, we are looking 

for measures that can help prevent the incidence diarrhoeal diseases amongst children. 

Second, meaningful data are not available to account for all intervention types including 

private inputs invested by parents to avoid diarrhoea in the very first place. Other such 

investments include water treatments (boiling of drinking water, filters, chlorination, etc.) 

and hygienic practices. 



17 

 

Table 8: Sources of drinking water  

Sources of drinking water  1991 1998 2004 Status (improved/basic) 

 ---------------- Percentages (%) ----------

----------------- 
 

Piped into residence 6,1 7,7 8,3 Improved 

Piped into yard 4,3 3,6 4,7 Improved 

Public tap 19,6 21,9 22,4 Improved 

Neighbour's tap 3,6 3,6 6,4 Improved 

Well with hand pump 8,1 8,1 11,6 Improved 

Well without pump 19,9 18,1 … Basic 

Protected without pump … … 6,6 Basic/Improveda 

Non protected well … … 11,8 Basic 

Protected source … … 6,3 Basic/Improveda 

Non protected source … …  Basic 

Rainwater 0,2 0,0 0,1 Basic/Improveda 

Tanker truck … … … Basic  

Cart with a tank … … … Basic  

River/stream not protected 35,7 35,5 20,5 Basic 

Purchased water … 1,3 … Basic 

Bottled water 2,0 … … Improvedb 

Other 0,4 0,1 1,4 Basic 

Missing data 0,1 0,2 0,1  

Sample size (n households) 3 538 4 697 10 462  

Total 100,0 100,0 100,0  

Sources: DHS for 1991, 1998 & 2004. 
… No data 

a DHS consider this specific source to be unimproved (or basic) while the MICS labels it as improved. 
b Bottled mineral water is an improved source of drinking water. However, water from unimproved 

sources are often times being refilled in bottles or sealed cups, making these bottled water an 

unimproved source as categorized in WHI/UNICEF standards. 
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Table 9: Types of sanitation facilities 

Types of sanitation facilities 1991 1998 2004 Status (improved/basic) 

 ---------------- % ----------------  

Flush toilet 8,5 9,6 7,1 Improved 

Bucket latrine/Traditional pit 

latrine 
40,7 54,3 58,3 Basic 

Pit latrine/improved pit latrine 38,9 26,7 28,2 Improved 

Open air 8,9 … … Basic 

River 0,31 … … Basic 

No facility/Bush 2,7 9,0 6,3 Basic 

Flush connected a sewage system … … … Improved 

Flush to a septic pitch … … … Improved 

Flush connected to latrines … … … Improved 

Self-ventilated latrines … … … Improved 

Protected latrines … … … Improved 

Bucket … … … Improved 

Flush connected to everything else … … … Basic 

Open latrines/pitch … … … Basic 

Other 0,0 0,2 0,1 Basic 

Sample size (n households) 3 538 4 697 10 462  

Total 100,0 100,0 100,0  

Sources: DHS for 1991, 1998 & 2004. 

… No data 

5.1 WSS interventions over time 

At country level, the situation of the access to improved sources of drinking water has 

deteriorated by 10% between 1991 and 2004 despite the improvement witnessed in 1998. 

Concerning sanitation, households have enjoyed wider access to the improved facilities with 

an increase of 23% between 1991 and 2004. 
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Figure 5: Country-level access of households to improved source of drinking water and to 

sanitation facilities over time 
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Sources: DHS for 1991, 1998 & 2004 

5.2 WSS interventions by household characteristics 

The place of residence (or region) of a household is significantly associated to the access to 

improved sources of drinking water and to improved sanitation facilities (tables 9 and 10). 

According to table 10 below, five regions out of the ten had frequencies of access to 

improved sources of drinking water greater than the national average in 1991; this figure 

declined to 4 and 3 respectively in 1998 and 2004. Up to 7 regions are below the national 

average in terms of percentage of households with access to improved drinking source of 

water. According to the most recent DHS data (2004), South West, Littoral, and Centre are 

the top 3 best performing regions with households enjoying higher frequency of access to 

improved sources of drinking water. East, North, and West are the bottom 3 regions. The top 

5 regions with widest access to improved sources of drinking water in 1991 have all 

experienced a decreased prevalence of water supply. Particularly, the deterioration was 

drastic in North (57%), Adamaoua (46%), Centre (25%), and Littoral (20%). It is worth notice 

that Yaoundé, the capital city, and Douala, the economic capital with the largest urban 

population, are located respectively in the Centre and Littoral regions. 
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Table 10: Access to improved sources of drinking water across regions (%) 

Region of residence 1991 1998 2004 

    

Adamaoua 71.71 56.91 38.98 

Centre 72.41 64.91 54.37 

East 21.08 18.98 22.50 

Far North 29.43 46.52 40.27 

Littoral 71.40 70.75 56.84 

North 60.74 50.34 25.82 

North West 29.44 54.44 45.26 

West 26.49 36.29 36.01 

South 27.85 18.09 41.24 

South West 60.62 48.91 57.72 

National average 50.55 52.53 45.38 

n (units in the sample) 3,470 3,657 6,853 

Sources: DHS for 1991, 1998 & 2004 

Table 11 below depicts that in 1991 access to improved sanitation facilities was greater than 

the national average in five regions out of the ten; this figure increased to 7 in 1998 but 

dropped to 5 in 2004. This “counter-performance” in sanitation in reality hides tremendous 

achievements in North West, Far North, South, and East, with respective increase in access to 

improved sanitation facilities from 1991 to 2004 of 442%, 266%, 249%, and 97%. During the 

same period, the situation has deteriorated in Littoral, South West, and West by only 20%, 

14% and 12% respectively. According to the most recent DHS data (2004), Adamaoua, North 

West, and Centre are the top 3 best performing regions with households enjoying higher 

frequency of access to improved sanitation facilities. Littoral, North, and South West are the 

bottom 3 regions. The top 4 regions with widest access to improved sanitation facilities in 

1991 have experienced a weaker performance (0 to 14%). To the contrary, the badliest 

performers in 1991 achieved gorgeous results in 2004 as mentioned earlier. In relation to the 

contamination theory supporting this study, it should be mentioned that Littoral and South 

West regions (with declining access to improved sanitation facilities) are closed to sea with 

ground water accessible at less than 2 meters in most places. In such conditions, open pitch 

latrines seem to be a major source of diarrhoeal disease contamination. 
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Table 11: Access to improved sanitation facilities across regions in the country (%) 

Region 1991 1998 2004 

    

Adamaoua 64.18 71.07 80.07 

Centre 74.86 64.64 74.49 

East 31.58 84.26 62.19 

Far North 19.66 66.56 71.88 

Littoral 70.32 68.95 56.06 

North 50.39 70.55 58.82 

North West 14.48 70.09 78.42 

West 70.37 48.00 62.16 

South 19.48 90.43 68.07 

South West 70.27 54.38 60.14 

National average 54.29 66.34 66.79 

n (units in the sample) 3,249 3,660 6,848 

Sources: DHS for 1991, 1998 & 2004 

The wealth status of a household (urban/rural) is a factor significantly associated with the 

access to improved sources of drinking water and to improved sanitation facilities (table 12). 

This variable was not included in the 1991 and 1998 round of the DHS in Cameroon. Data are 

available only for 2004. Households are ranked in quintiles depending on an index 

combining the revenue of the household head  and other wealth indicator variables 

(connection to the electricity grid network, pipe connection to public water network, floor 

type, type of sanitation facility, and possession of assets like radio receiver, TV set, 

refrigerator, bike, motorbike, and car). 

At the national level, being wealthier gives more odds to gain access to improved sources of 

drinking water (table 12). Only 29.52% of the poorest households access improved sources of 

drinking water, far less than the 45.38% national average (a difference of 54%); the richest 

households have access in 82.15% cases. In summary, for five richest households having 

access to improved sources of drinking water only one of the poorest has access to. There is a 

huge inequality in access to safe sources of drinking water based on socio-economic status of 

the household. The situation is quite surprising regarding access to improved sanitation 

facilities. Table 12 shows that poor classes have more access than richest households for 2004. 
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Table 12: Percent access to WSS interventions by household’s wealth status in 2004 

Wealth status 

Access to improved sources of 

drinking water 

Access to improved sanitation 

facilities 

Poorest 29.52 75.04 

Poorer 27.26 78.86 

Middle 44.09 69.47 

Richer 59.66 49.42 

Richest 82.15 53.44 

National average 45.38 66.79 

n (units in the sample) 6,853 6,848 

Sources: DHS 2004 data. 

The type of place of residence of a household (urban/rural) is significantly associated to the 

access to improved sources of drinking water and to improved sanitation facilities (table 13). 

Access to improved sources of drinking water has increased more in rural households (5%) 

than in urban ones (1%). Concerning sanitation, while access has deteriorated by 29% in 

urban settings, it has been improved by a 219% increase in access in rural areas, bringing up 

the national average of access to improved sanitation facilities by 23%. Most of the WSS 

investments in the public sector and by nongovernmental organizations are focused on water 

supply and less on better sanitation. Hence, this tremendous improvement in the situation of 

sanitation facilities should be commended. 

Table 13: Access to WSS interventions by household’s type of residence (%) 

 

Access to improved source of 

drinking water  

Access to improved sanitation 

facilities 

Type of place of residence 1991 1998 2004  1991 1998 2004 

        

Urban 69.91 77.61 70.33  79.25 55.67 55.92 

Rural 27.70 32.65 28.96  23.22 74.77 73.96 

National average 50.55 52.53 45.38  54.29 66.34 66.79 

n (units in the sample) 3,470 3,657 6,853  3,249 3,660 6,848 

Sources: DHS for 1991, 1998 & 2004 

The educational level of the household head is a factor significantly associated to the access 

to improved sources of drinking water and to improved sanitation facilities (table 14). 

Women-headed households tend to have access to improved sources of drinking water than 

the household headed by men. It is the same story for access to improved sanitation facilities. 

In both cases, households with male heads are below the national average in terms of % 

having access to improved water supply and sanitation. Is this result reflecting the domestic 
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division of labour between men and women in the society where women have the 

responsibility to fetch water for drinking and for sanitation? 

Table 14: Access to WSS interventions by sex of the household head (%) 

 

Access to improved source of 

drinking water  

Access to improved sanitation 

facilities 

Sex of household head 1991 1998 2004  1991 1998 2004 

        

Female  53.02 53.43  65.64  66.18 

Male  52.37 43.75  52.79  66.92 

National average  52.52 45.38  54.29  66.79 

n (units in the sample) 2,919 3,656 6,853  3,249 2,122 6,848 

Sources: DHS for 1991, 1998 & 2004 

6. Analysis of the Impact of Water Supply & Sanitation Interventions on Child Diarrhoea 

6.1 The Model 

What would have happen to the target group (in terms of prevalence rate of diarrhoea) have 

their households not had access to the services (treatments) mentioned above? To address 

this question, the Roy-Rubin framework of impact evaluation is adopted in the present 

study. The main pillars of this model are individuals, treatment and potential outcomes 

(Caliendo & Kopeining, 2005:2-3). The present study considers three types of binary 

treatments: (i) household’s access to improved sources of drinking water; (ii) household’s 

access to improved sanitation facilities; and (iii) household’s access to both services. For 

every treatment, two groups are identified: those households that have access to the relevant 

improved service and those that do not. The treatment indicator Di equals one if individual i 

receives treatment i.e. have access to the service, and zero otherwise. The outcome variable Y 

is prevalence of diarrhoea among children of age below 5 in Cameroon. Defining the 

potential outcome as Yi(Di) for each individual i, where i=1, …, N and N denotes the total 

population, the treatment (or causal) effect for an individual i can be written as: 

 τi= Yi(1) - Yi (0) (1) 

τi is also called impact [of the intervention or treatment] (White , 2003). τi cannot be observed 

because it is not possible to observe at one point in time the same individual i in the situation 

with treatment and without treatment. Matching procedures are designed to solve this problem. 
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6.3 Matching techniques 

In the absence of any experimental (random placement of the treated) data for Cameroon, 

the counterfactual (or unobserved outcome for each individual in the cross-sectional sample) 

will be constructed using the propensity score matching (PSM) approach. The propensity 

score is the probability of assignment to a particular treatment conditional on a vector of 

observed covariates (Rosenbaum and Rubin, 1983). 

As clearly put by Caliendo and Kopeinig (2005:1), the basic idea of matching is to find in a 

large group of non-participants [children below 5 in households without access to the listed 

services] those individuals who are similar to the participants [children below 5 in 

households with access to the listed services] in all relevant pre-treatment characteristics X. 

Each child below age 5 with access to the relevant basic service (“treated” or “participant”) is 

matched-paired to some group of “comparable” children below age 5 without access to the 

service under consideration (comparison group) on the basis of the propensity score: 

 P(xi) = Prob(Di = 1|xi) (0  P(xi)  1) (2) 

where xi  is a vector of pre-treatment control variables. The predicted values from standard 

logit models are the propensity scores for each observation in the “treated” and comparison-

group samples. Using the estimated propensity scores, ^P (x), matched-pairs are constructed 

on the basis of how close the scores are across the two sub-samples. Unmatched comparison 

household units are dropped (Jalan and Ravallion, 2003:157). 

6.4 Estimating the WSS impact on the prevalence of childhood diarrhoea 

Children being so matched, differences in outcomes [prevalence rate of diarrhoea] of this 

well selected and thus adequate comparison group and of “treated” units can be attributed 

to the programme [i.e. providing access to the listed services] as stated by Caliendo and 

Kopeinig (2005). Because only one of the potential outcome (had diarrhoea or not within the 

last two weeks) is observed for each child i below the age of 5 in either treatment status or no 

treatment status (not the two statuses at the same time) in the DHS cross-sectional sample, 

estimating the individual treatment effect τi is not possible. To estimate the average 

treatment effects requires that the treatment effect for each individual i is independent of 
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treatment participation of other individuals. The average treatment effect on the treated 

(ATT) is defined as: 

 τATT  = E(τ|D  = 1) = E[Y(1)|D = 1] – E[Y (0)|D = 1] (3) 

The true parameter τATT  is only identified, if : 

 E[Y (0)|D = 1] – E[Y (0)|D = 0] = 0 (4) 

In the present quasi-experimental study, the conditional independence assumption (CIA or 

unconfoundedness) ensures the identification of τATT. It is assume that given a set of 

observable covariates X which are not affected by treatment, potential outcomes are 

independent of treatment assignment: 

 Y (0), Y (1) Џ D|X,  X (5) 

This implies, that the selection is solely based on observable characteristics and that all 

variables that influence treatment assignment and potential outcomes simultaneously are 

observed by the researcher (Caliendo and Kopeinig, 2005:4). 

Common support (a requirement besides CIA) ensures that children with same X values 

have a positive probability of being both participants and non-participants (Heckman, 

LaLonde, and Smith, 1999). 

 (Overlap) 0  P (D = 1|X)  1 (6) 

Given that CIA holds and that assuming additionally that there is overlap between both 

groups, the PSM estimator for ATT can be written as: 

 τATT = EP(X)|D=1 {E[Y(1)|D = 1, P(X)] – E[Y(0)|D = 1, P(X)]} (7) 

The PSM estimator is the mean difference in outcomes over the common support, 

appropriately weighted by the propensity score distribution of participants. 

6.5 Qualitative assessment of WSS impact on childhood diarrhoea 
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The preliminary results of the present study has suggested that access to improved sources 

of drinking water solely or in conjunction with access to improved sanitation facilities had no 

significant effect on diarrhoea prevalence among children under age 5 in Cameroon during 

the DHS 1991, 1998 and 2004. 

In order to further gain insights from the major water and sanitation stakeholders, a 

qualitative micro-investigation with a very limited scope was embedded into the impact 

study. 

Two major hypotheses were developed based on the impact analysis results and the disease 

contamination theory elaborated by Waddington et al (2009). It is hypothesized that: 

1. Sources of drinking water considered “improved” still is distilling contaminated 

water (specifically by manipulation at the household level or during the 

transportation from point-of-provision to point-of-use); 

2. Shortage of water supply probably exacerbates poor hygiene creating an avenue for 

contamination. 

The following questions guided the several individual semi-structured interviews: 

(a) Have your children been experienced diarrhoea (explain the symptoms explicitly)? 

(b) How would you explain the current diarrhoea disease outbreak in the country? In 

your neighbourhood? 

(c) How would you explain that access to improved source of drinking water (list the 

sources) have no significant effect on the prevalence of diarrhoea? 

(d) Is poor hygiene, particularly hand washing, drinking water management, food 

habits, etc. a factor of diarrhoea prevalence in your vicinity? To what extent? 

(e) How would you explain that some regions and towns of the country have more cases 

of diarrhoea than others? 

Two focus group discussions were planned but couldn’t be carried out because of financial 

constraints: one in Maroua, the capital city of the Far North Region, and one in Yaoundé, the 

national capital. The former (my city of residence) has the lowest rate of diarrhoea 

prevalence (according to the DHS data). The latter city has the highest diarrhoea prevalence 

rate of the country. 
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Respondents included (i) the management of Cameroon Water Utilities (Camwater), the 

public enterprise owning water infrastructure, and of the Camerounaise des Eaux or CDE in 

acronym, the private monopolistic company that is commercializing the production and 

distribution of water through piped-network in urban and in some rural areas of the country, 

(ii) municipal elected officials, (iii) representatives of households, (iv) community-based 

development organizations, (v) experts from governmental and nongovernmental 

organizations (Global Water Partnership), and (vi) international development agencies 

(UNICEF, WHO). 

In addition, data on water supply and sanitation investments, unit costs of access to 

individual sources of drinking water and sanitation facility type, and some financial and 

production figures regarding the operations of the national water utility companies 

(Camerounaise des Eaux and Cameroon Water utilities) were collected. 

7. Results of Impact Analysis 

7.1 Significant explanatory factors of access to the basic services of interest (Water supply or 

sanitation) 

Table 15 below reports the estimates of the logit regression where the binary treatment 

variable takes a value one if the household has access to each basic service (improved sources 

of drinking water, access to improved sanitation facilities, or to both services) and zero 

otherwise. The specified models for treatments are all well fitted, with highly significant 

probability of explaining the access or not to the corresponding services (p=0.0000). 

Moreover, there is quite a number of significant to highly factors explaining access to 

improved sources of drinking water and to improved sanitation facilities under that 

regression model specification. With no surprise, the type of place of residence, the wealth 

status, the size of household, the sex and the age of the head of the household are the most 

significant factors of access to improved sources of drinking water; in the latter case, it is the 

highest educational level of the mother, the wealth status, the religion, the size of household, 

the place of residence (or region), and the type of place of the residence (urban versus rural) 

are key to determine access. 
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The odds to have access to improved sources of drinking water are higher in urban areas as 

compared to rural areas, and for more educated household heads. Richest households have 

higher probability to access improved sources of drinking water but bigger families have 

less. Concerning the access to improved sanitation facilities, the more educated is the 

household head the better. 
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Table 15: Results of the logit regression of household characteristics and access to the basic services 

 Treatment 1  Treatment 2  Treatment 3 

Variables 

Access to improved sources of 

drinking water   

Access to improved sanitation 

facilities   

Access to both services at the same 

time 

  Coef. P>|z|   Coef. P>|z|   Coef. P>|z| 

         

Place of residence (region) 0.0230019 0.006  -0.0398639 0.000  0.0011691 0.887 

Type of place of residence (urban/rural)* -1.2688165 0.000  0.4698350 0.000  -0.5673631 0.000 

Educational level of the head of household 0.0421580 0.305  0.0088242 0.839  0.0576072 0.152 

Age of the head of household 0.2626323 0.000  -0.0600272 0.400  0.1980092 0.006 

Sex of head of household (male/female)* 0.0063390 0.006  0.0026650 0.255  0.0050418 0.034 

Highest educational level of the head of 

household 

0.1370004 

0.003  0.0804128 0.087  0.0952098 0.044 

Wealth index 0.2301749 0.000  -0.2525365 0.000  0.0681112 0.023 

Possession of a TV set (no/yes)* 0.2989257 0.000  -0.1148213 0.142  0.0891096 0.268 

Religion -0.0443119 0.006  -0.1115536 0.000  -0.0631693 0.000 

Age of the respondent 0.0014075 0.722  0.0056132 0.152  0.0021953 0.584 

Size of household -0.0253302 0.000  -0.0153451 0.008  -0.0085460 0.185 

Constant term 0.4565290 0.036  1.0829949 0.000  -0.7489440 0.001 

         

Number of observations 7535   7516   7524  

LR chi2 (11) 1922.55   478.58   393.55  

Prob > chi2 0.0000   0.0000   0.0000  

Pseudo R2 0.1568   0.0503   0.0366  

Log likelihood -4361.6009   -4519.8856   -4278.9315  

                  

Source: Author’s calculations using Stata SE 9 

* The reference category is the first listed (which corresponds the category with the lowest number, according to Stata default procedures) 
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7.2 The impacts of water supply or sanitation on diarrhoea prevalence among children below age of 5 

Access to improved drinking sources of water has no significant effect on diarrhoea 

prevalence among children below 5 in the country. To the contrary, access to improved 

sanitation facilities caused about 1.97 % decrease in diarrhoea prevalence in the same target 

population (with a standard error of 0.01). In other words, diarrhoea prevalence amongst 

children below age 5 living in households with access to improved sanitation facilities would 

have been 1.97% higher had they not have this access. Combining both treatments 

simultaneously did not show any significant effect on the outcome of interest. 

However in unmatched sample of children, improved sources of drinking water appear to 

have a significant desirable impact of diarrhoea prevalence, which is a misleading result. 

This is exactly why matching was implemented to uncover such false causation due to pre-

treatment characteristics of the children in households with access and those in households 

without access. Concerning the access to improved sanitation facilities and the simultaneous 

access to both services, there is no significant impact on diarrhoea prevalence, even when 

sampled children are unmatched i.e. comparing the average difference in diarrhoea 

prevalence  rate between children with access to the services and those without access. This 

last result is consistent with findings using matched comparison group. 

Table 16: Estimates of Average Treatment Effects on the Treated (ATT) of different WSS interventions* 

Interventions, and 

sub-sample of interest Treated Controls Difference Standard Error T-stat 

      

Access to improved sources of 

drinking water      

     Unmatched sub-sample .147415886     .17886642   -.031450534    .009314991     -3.38 

     Matched sub-sample (ATT) .147415886    .143387961 .004027925    .01334911 0.30 

      

Access to improved sanitation 

facilities      

     Unmatched sub-sample .169083255 .155745489 .013337766 .009873821 1.35 

     Matched sub-sample (ATT) .169083255 .188833667 --.019750411 .010992509 -1.80 

      

Access to improved sources of 

drinking water AND to improved 

sanitation facilities      

     Unmatched sub-sample .153248195 .169029444 -.01578125 .010311360 -1.53 

     Matched sub-sample (ATT) .153248195 .154258803 -.001010607 .010468064 -0.10 

           

Source: Author's calculations using Stata Student Edition (SE) version 9 

* Kernel approach to propensity score matching. 
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As presented in appendix 1, these results are confirmed by alternative propensity score 

matching techniques, namely (i) the nearest neighbours, and (ii) the caliper. Three caliper 

sizes were implemented, namely 0.01, 0.06 and 1 standard deviation. 

Using these various techniques did not change the conclusions: access to improved sources 

of drinking water has no significant effect on diarrhoea prevalence among children below 

age 5, contrary to access to improved sanitation facilities which causes a drop in the 

diarrhoea prevalence between 1.97% and 6.11% depending on the PSM method (see tables 

17, 18 and 19 in appendix 1). However, matching by calliper shows a mild impact of access to 

improved source of drinking water on diarrhoea prevalence (1.36% to 1.77%). 

Figure 6: Propensity score distribution of access to improved sources of drinking water 

before matching 
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Figure 7: Propensity score distribution of access to improved sources of drinking water 

after matching 
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Figure 8: Propensity score histogram by treatment status (access to improved sources of 

drinking water) 

.2 .4 .6 .8 1
Propensity Score

Untreated Treated

*Kernel approach to propensity score matching
Source: DHS Cameroon, 2004

Treatment="Access to improved sources of drinking water"

Propensity score histogram by treatment status*

 



33 

 

Figure 9: Propensity score distribution of access to improved sanitation before matching 
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Figure 10: Propensity score distribution of access to improved sanitation after matching 
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Figure 11: Propensity score histogram by treatment status (access to improved sanitation) 
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Figure 12: Propensity score distribution of access to improved sources of drinking water 

AND access to improved sanitation before matching 
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Figure 13: Propensity score distribution of access to improved sources of drinking water 

AND access to improved sanitation after matching 
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Figure 14: Propensity score histogram by treatment status (access to improved sources of 

drinking water AND access to improved sanitation) 
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8. Quality of the Estimation 

Following Becker and Caliendo (2007), existence of bias - induced by a “hidden” 

heterogeneity between children in households with access to the services considered and 

those without, or possible influence of unobservable characteristics of the sampled 

individuals - was investigated using the Mantel and Haenszel (MH) statistic bounds for the 

outcome variable (diarrhoea prevalence). 

The results of the sensitivity analysis reported in Appendixes 2, 3 and 4 indicate that an 

overestimation of the effect of the access to improved sanitation facilities is not significant at 

5%. Rather, the probability that no overestimation (respectively underestimation) occurred 

increases as the value of gamma increases (meaning that the odds of heterogeneity due to 

unobserved factors decreases). Appendix 3 shows that the odds that access to improved 

sanitation facilities are determined by unobservable characteristics is not significant. 
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9. Discussion of the Results and Implications for Health Development Policy 

As a reminder, the study found that access to improved sources of drinking water alone or 

coupled with access to improved sanitation facilities has no significant effect on diarrhoea 

prevalence among children under age 5 in Cameroon. Those children having access to 

improved sanitation facilities experience significantly lower prevalence rate of diarrhoea. 

The former finding is a surprise! How can access to improved sources of drinking water not 

reduce the prevalence of diarrhoea among children? 

On various broadcasting media and press (CRTV4 Scènes de presse, 20th of March 2011; CRTV 

M’Accompagne, 20th of March 2011), panels were gathered to debate the factors influencing 

the prevalence of diarrhoea in the country, prompted by the current national outbreak of 

diarrhoeal disease (cholera) by end 2009 and continued in 2010. Panelists and qualitative 

assessments from interviews carried out as part of this study suggest that the propagation of 

diarrhoeal disease prevalence in the country was caused by: 

 Inadequate policy solutions5 because the analysis of the underlining public health 

problem is incomplete; the government incriminates poor hygiene and fail to account 

for the contribution of the shortage of water supply to households or the lack of 

access to potable water; 

 Unavailability of affordable potable water supply to households; 

 Mistargeting of the communication strategy on diarrhoeal diseases; official 

communication tend to restrict the spread of diarrhoea only to some social groups 

(especially the poor), resulting in stigmatisation; 

 Non observation of hygienic practices by individuals, notably washing hands before 

eating and after defecation; 

                                                 
4
 Cameroon Radio Television (CRTV) the national public broadcasting corporation. 

5
 With the support of the World Bank, the Agence Française de Développement (AFD) and some other 

international financial institutions, the government is busy increasing the water supply capacity of the public 

water utility corporation (CamWater) and subsidizing the connection of more households to the piped water 

network. Also a limited mass communication campaign is ongoing with the aim to promote hygiene practices 

(hand and food washing, defecation in improved sanitation facilities, etc.). 
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 Contamination of ground water by faecal materials and other pollutants through 

sewage or leakage in broken water pipes. 

Discussing the use of non potable water supply the panelists said that households were 

forced to rely on contaminated water sources (wells, streams, piped water during a open 

breakage of networked pipes) because they either are not connected to the public water 

supply network or the supply is far less that the demand. In Yaoundé, the daily demand is 

300,000 m3 and the supply is 100,000 m3, which will be update at 15000 m3 after the 

rehabilitation of the Mefou plant; in Douala, 50000m3 are pumped to households since June 

2010 by the Ayyato plant and its capacity will be topped at 100000 m3 potable water in the 

second phase of the project. Other cities will be covered by the current rehabilitation 

program that spans over a three year period6. 

The following question emerges during the qualitative assessment and during the TV debate 

as a pointer to relevant factors: under such circumstance of frequent shortage of water 

supply, how would you and the family follow strict hygienic practice at home? The 

qualitative analysis indicates that access to improved drinking sources is not enough to 

prevent from diarrhoeal contamination but that regular supply and good maintenance of the 

public water piped network are essential. In addition, access should also be complemented 

by strict hygienic practices in order to benefit the protection of these facilities (improved 

sources of water and sanitation). Waddington et al (2009) found similar results after carrying 

out a systematic review of WSS impact evaluation studies. “Interventions providing water 

treatment/safe storage at point-of-use or safe hygiene practices are the most effective, and 

cites WHO (2003) which conclude that point-of-use water treatment is the most cost-effective 

approach to reach the water MDG, [trying to argue that] multiple interventions do not tend 

to have bigger impacts than single interventions”. 

It can therefore be argued that there is a need to establish additional evidence and gain 

further insights into the right combination of water supply, sanitation and hygiene 

interventions that works in rural and urban areas. Experimental designs could be helpful in 

piloting such an action-research. 

                                                 
6
 Michael Pauron and Dorothée Ndoumbè. 2011. Cameroun : deux partenaires sur la brèche. In Jeune Afrique, 

downloaded at http://www.jeuneafrique.com/Articles/Dossier/ARTJAJA2619p114.xml0/onep-eau-potable-omd-

doualacameroun-deux-partenaires-sur-la-breche.html  

http://www.jeuneafrique.com/Articles/Dossier/ARTJAJA2619p114.xml0/onep-eau-potable-omd-doualacameroun-deux-partenaires-sur-la-breche.html
http://www.jeuneafrique.com/Articles/Dossier/ARTJAJA2619p114.xml0/onep-eau-potable-omd-doualacameroun-deux-partenaires-sur-la-breche.html
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In the meantime, policy makers should conservatively (i) encourage strict hygiene through 

mass communication and education campaigns in schools, during prenatal visits for 

pregnant women, and at workplaces, (ii) facilitate the connection of more households to the 

public water network, and (iii) increase water supply to households. 

10. Limitations of the study 

The present study was technically constrained by the following: 

1. Difference in the sample of study. In DHS 1998 children included in the study were 

below 3 years of age; they are below 5 year-old in DHS 1991 and 2004, making the 

sample different. However, the analysis of the impact of the access to the basic 

services of interest is based only on the 2004 dataset. Inaccuracy might affect only the 

descriptive analysis presented in this report. 

2. Autocorrelation of the wealth index. In the original DHS datasets, the wealth index is 

constructed as a combination of variables (possession of some home assets, type of 

the construction materials, access to the basic services including water and sanitation) 

that are also included in the logit regression model used to predict the propensity 

scores and therefore the probability to access the basic services considered. The 

wealth index used in the study was recalculated to correct this bias. 

3. Change in sampling strategy. In DHS 1991 & 1998, households were stratified and 

sampled according to the agro-ecological zone of residence. In DHS 2004 round, they 

were sampled according to the administrative regions which do not match the agro-

ecological zones. This discrepancy affects only the descriptive analysis; impact 

analysis is carried out on the DHS 2004 dataset. 

4. Non exhaustiveness of the sources of drinking water and of the sanitation facilities available 

across the country. For example, bottled water is included in the DHS 2004 but it is not 

a homogenous category as can be currently observed. Bottled water varies from 

branded mineral water to water from ground sources bottled or packaged in sealed 

plastic by artisans. Some undergo regular sanitary inspections and others do not. The 

data do not reflect this diversity and the related risk of contamination. 
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5. Flaw categorization of the WSS treatments. The demographic and health surveys (DHS) 

define some sources of drinking water and sanitation facilities as improved without 

empirical evidence in the context of Cameroon. May be the categories reflect well the 

situation in other countries? Consequently, “improved” is more an etiquette than 

evidence in some cases of sources of drinking water. In this regard, we were unable 

to locate studies estimating the relative risk of contamination of each of the sources of 

drinking water or sanitation facility that led to segregate improved and unimproved. 

To adequately address the fourth and fifth limitations, binary treatment (access or no access) 

in the analytical model should be replaced and all existing modalities of the treatments 

(different sources of drinking water and different types of sanitation facility) considered in 

the analysis of the impact on diarrhoea prevalence. Hence, a multinomial regression logit 

will allow the analysis of the separate effect of each source of drinking water or sanitation 

facility on the prevalence of diarrhoea among children below the age 5. Novak (2010) have 

adopted such strategy in estimating the impact of WSS interventions on diarrhoea among 

children in Senegal. Given that the analysis for Cameroon is case in a multi-country study, a 

multinomial logit regression will be applied in a separate study planned in a near future. 
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Appendix 1 : Estimates of Average Treatment Effects on the Treated (ATT) of different 

interventions by various matching methods 

Table 16: Estimates of Average Treatment Effects on the Treated (ATT) of different WSS interventions* 
Interventions, 

and sub-sample of interest Treated Controls 

Difference 

(impact) 

Standard 

Error T-stat 

      

Access to improved sources of drinking water      

     Unmatched sub-sample .147415886 .17886642 -.031450534 .009314991 -3.38 

     Matched sub-sample (ATT) .147415886 .143877905 .003537981 .015146799 0.23 

      

Access to improved sanitation facilities      

     Unmatched sub-sample .169083255 .155745489 .013337766 .009873821 1.35 

     Matched sub-sample (ATT) .169083255 .204677268 -.035594013 .012346796 -2.88 

      

Access to improved sources of drinking water AND 

to improved sanitation facilities      

     Unmatched sub-sample .153248195 .169029444 -.015781248 .01031136 -1.53 

     Matched sub-sample (ATT) .153248195 .153359245 -.000111049 .011830148 -0.01 

            

Source: Author's calculations using Stata Student Edition (SE) version 9 

* Nearest neighbours approach to propensity score matching. 

 

Table 17: Estimates of Average Treatment Effects on the Treated (ATT) of different WSS interventions* 
Interventions, 

and sub-sample of interest Treated Controls 

Difference 

(impact) 

Standard 

Error T-stat 

      

Access to improved sources of drinking water      

     Unmatched sub-sample .147415886 .17886642 -.031450534 .009314991 -3.38 

     Matched sub-sample (ATT) .147438132 .161031718 -.013593587 .019338325 -0.70 

      

Access to improved sanitation facilities      

     Unmatched sub-sample .169083255 .155745489 .013337766 .009873821 1.35 

     Matched sub-sample (ATT) .169281199 .230391009 -.06110981 .017679687 -3.46 

      

Access to improved sources of drinking water AND 

to improved sanitation facilities      

     Unmatched sub-sample .153248195 .169029444 -.015781248 .01031136 -1.53 

     Matched sub-sample (ATT) .153589316 .161380078 -.007790762 .016848875 -0.46 

            

Source: Author's calculations using Stata Student Edition (SE) version 9 

* Calliper approach to propensity score matching (calliper size= 0.01 standard deviation). 
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Table 18: Estimates of Average Treatment Effects on the Treated (ATT) of different WSS interventions* 
Interventions, 

and sub-sample of interest Treated Controls Difference 

Standard 

Error T-stat 

      

Access to improved sources of drinking water      

     Unmatched sub-sample .147415886 .17886642 -.031450534 .009314991 -3.38 

     Matched sub-sample (ATT) .147415886 .165105793 -.017689906 .019541588 -0.91 

      

Access to improved sanitation facilities      

     Unmatched sub-sample .169083255 .155745489 .013337766 .009873821 1.35 

     Matched sub-sample (ATT) .169083255 .230121609 -.061038354 .017691086 -3.45 

      

Access to improved sources of drinking water AND 

to improved sanitation facilities      

     Unmatched sub-sample .153248195 .169029444 -.015781248 .01031136 -1.53 

     Matched sub-sample (ATT) .153248195 .161021655 -.007773459 .016853557 -0.46 

            

Source: Author's calculations using Stata Student Edition (SE) version 9 

* Caliper approach to propensity score matching (caliper size = 1 standard deviation). 
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Appendix 2: Stata Printouts of the Analyses of the Effect of Access to Improved Sources of 

Drinking Water (eaup) 

Logistic regression                               Number of obs   =       7535 

                                                  LR chi2(11)     =    1969.66 

                                                  Prob > chi2     =     0.0000 

Log likelihood = -4188.0433                       Pseudo R2       =     0.1904 

 

------------------------------------------------------------------------------ 

        eaup |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

        v024 |   .0231491   .0085208     2.72   0.007     .0064487    .0398495 

        v025 |  -.8898911   .0648329   -13.73   0.000    -1.016961   -.7628209 

    hv106_01 |  -.0130822   .0415623    -0.31   0.753    -.0945429    .0683785 

       hv220 |   .0047534   .0023708     2.01   0.045     .0001068    .0094001 

       hv219 |   .2096766   .0745033     2.81   0.005     .0636528    .3557005 

        v106 |  -.0120904   .0484054    -0.25   0.803    -.1069631    .0827824 

        v190 |   .6400044    .032591    19.64   0.000     .5761271    .7038816 

        v121 |  -.2740084    .087724    -3.12   0.002    -.4459443   -.1020725 

        v130 |  -.0401818   .0165923    -2.42   0.015    -.0727021   -.0076615 

        v012 |   .0025898   .0040538     0.64   0.523    -.0053555     .010535 

        v136 |  -.0256696   .0064068    -4.01   0.000    -.0382268   -.0131124 

       _cons |  -.8801841   .2267622    -3.88   0.000     -1.32463   -.4357383 

------------------------------------------------------------------------------ 

 

. /*Matching method: nearest neighbour*/ 

. psmatch2 eaup, pscore(propensity) outcome(diar) n(5) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .147415886    .17886642  -.031450534   .009314991    -3.38 

                   ATT | .147415886   .143877905   .003537981   .015146799     0.23 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     3,511 |     3,511  

   Treated |     2,883 |     2,883  

-----------+-----------+---------- 

     Total |     6,394 |     6,394  

 

. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        2.57889   2.57889   .004956   .004956   

 1.05        3.23221   1.92698   .000614   .026991   

  1.1        3.85598   1.30581   .000058   .095809   

 1.15         4.4532    .71265   4.2e-06   .238031   

  1.2        5.02624   .144941   2.5e-07   .442379   

 1.25         5.5772   .324571   1.2e-08   .372753   

  1.3        6.10789   .847774   5.0e-10   .198282   

 1.35        6.61992   1.35141   1.8e-11   .088282   

  1.4        7.11472     1.837   5.6e-13   .033105   

 1.45        7.59354   2.30589   1.6e-14   .010558   

  1.5        8.05753   2.75928   4.4e-16   .002896   

 

Gamma : odds of differential assignment due to unobserved factors 
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Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

. /*Matching method: Kernel*/ 

.  

. psmatch2 eaup,kernel pscore(propensity) outcome(diar) 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .147415886    .17886642  -.031450534   .009314991    -3.38 

                   ATT | .147415886   .143387961   .004027925    .01334911     0.30 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     3,511 |     3,511  

   Treated |     2,883 |     2,883  

-----------+-----------+---------- 

     Total |     6,394 |     6,394  

 

. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        3.33971   3.33971   .000419   .000419   

 1.05        4.05524   2.62588   .000025   .004321   

  1.1        4.73855   1.94588   1.1e-06   .025834   

 1.15        5.39288   1.29671   3.5e-08   .097366   

  1.2        6.02082   .675525   8.7e-10   .249671   

 1.25        6.62462   .079881   1.7e-11   .468166   

  1.3        7.20624   .423679   2.9e-13     .3359   

 1.35        7.76744   .974252   4.0e-15   .164966   

  1.4        8.30975     1.505         0   .066162   

 1.45        8.83455   2.01741         0   .021826   

  1.5        9.34306   2.51282         0   .005989   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

 

. /*Matching method: Caliper*/ 

.  

. psmatch2 eaup, caliper (0.01) pscore(propensity) outcome(diar) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .147415886    .17886642  -.031450534   .009314991    -3.38 

                   ATT | .147438132   .161031718  -.013593587   .019338325    -0.70 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

 psmatch2: |   psmatch2: Common 

 Treatment |        support 
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assignment | Off suppo  On suppor |     Total 

-----------+----------------------+---------- 

 Untreated |         0      3,511 |     3,511  

   Treated |        14      2,869 |     2,883  

-----------+----------------------+---------- 

     Total |        14      6,380 |     6,394  

 

 

. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.46329   1.46329   .071694   .071694   

 1.05        1.93875   .988841   .026266    .16137   

  1.1        2.39269   .536671   .008363   .295747   

 1.15        2.82732   .104796   .002347   .458269   

  1.2        3.24443   .206228   .000588   .418307   

 1.25        3.64555   .603514   .000133   .273083   

  1.3        4.03201   .985374   .000028    .16222   

 1.35        4.40502   1.35306   5.3e-06   .088019   

  1.4        4.76561   1.70766   9.4e-07   .043849   

 1.45        5.11471   2.05017   1.6e-07   .020174   

  1.5        5.45315   2.38145   2.5e-08   .008622   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

. psmatch2 eaup, caliper (0.06) pscore(propensity) outcome(diar) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .147415886    .17886642  -.031450534   .009314991    -3.38 

                   ATT | .147415886   .165105793  -.017689906   .019541588    -0.91 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     3,511 |     3,511  

   Treated |     2,883 |     2,883  

-----------+-----------+---------- 

     Total |     6,394 |     6,394  

 

. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.46599   1.46599   .071326   .071326   

 1.05        1.94175   .991239   .026084   .160784   

  1.1        2.39596   .538788   .008288   .295017   

 1.15        2.83088   .106645   .002321   .457535   

  1.2        3.24825   .204697   .000581   .418905   

 1.25        3.64962   .602231   .000131    .27351   
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  1.3        4.03634   .984328   .000027   .162477   

 1.35        4.40959   1.35224   5.2e-06   .088149   

  1.4        4.77041   1.70707   9.2e-07   .043905   

 1.45        5.11974   2.04979   1.5e-07   .020193   

  1.5        5.45841   2.38127   2.4e-08   .008627   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

. psmatch2 eaup, caliper (1) pscore(propensity) outcome(diar) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .147415886    .17886642  -.031450534   .009314991    -3.38 

                   ATT | .147415886   .165105793  -.017689906   .019541588    -0.91 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     3,511 |     3,511  

   Treated |     2,883 |     2,883  

-----------+-----------+---------- 

     Total |     6,394 |     6,394  

 

 

. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.46599   1.46599   .071326   .071326   

 1.05        1.94175   .991239   .026084   .160784   

  1.1        2.39596   .538788   .008288   .295017   

 1.15        2.83088   .106645   .002321   .457535   

  1.2        3.24825   .204697   .000581   .418905   

 1.25        3.64962   .602231   .000131    .27351   

  1.3        4.03634   .984328   .000027   .162477   

 1.35        4.40959   1.35224   5.2e-06   .088149   

  1.4        4.77041   1.70707   9.2e-07   .043905   

 1.45        5.11974   2.04979   1.5e-07   .020193   

  1.5        5.45841   2.38127   2.4e-08   .008627   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 
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Appendix 3: Stata Printouts of the Analyses of the Effect of Access to Improved Sanitation 

Facilities 

Logistic regression                               Number of obs   =       7516 

                                                  LR chi2(11)     =     618.92 

                                                  Prob > chi2     =     0.0000 

Log likelihood = -4449.7132                       Pseudo R2       =     0.0650 

 

------------------------------------------------------------------------------ 

        sani |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

        v024 |  -.0394249   .0080944    -4.87   0.000    -.0552896   -.0235602 

        v025 |   .2255283   .0666762     3.38   0.001     .0948454    .3562113 

    hv106_01 |   .0371316   .0438586     0.85   0.397    -.0488297    .1230929 

       hv220 |   .0039169   .0023623     1.66   0.097    -.0007131     .008547 

       hv219 |  -.0164953   .0718663    -0.23   0.818    -.1573506      .12436 

        v106 |   .1597721   .0479449     3.33   0.001     .0658019    .2537424 

        v190 |  -.4624473   .0320843   -14.41   0.000    -.5253313   -.3995633 

        v121 |   .1652107   .0806339     2.05   0.040     .0071712    .3232502 

        v130 |  -.1181857   .0151747    -7.79   0.000    -.1479276   -.0884438 

        v012 |    .005215   .0039492     1.32   0.187    -.0025253    .0129552 

        v136 |  -.0182245   .0058123    -3.14   0.002    -.0296164   -.0068325 

       _cons |   1.837764   .2275086     8.08   0.000     1.391855    2.283673 

------------------------------------------------------------------------------ 

 

. /*Matching method: nearest neighbour*/ 

.  

. psmatch2 sani, pscore(propensity) outcome(diar) n(5) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .169083255   .155745489   .013337766   .009873821     1.35 

                   ATT | .169083255   .204677268  -.035594013   .012346796    -2.88 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     2,106 |     2,106  

   Treated |     4,276 |     4,276  

-----------+-----------+---------- 

     Total |     6,382 |     6,382  

 

 

. mhbounds diar, gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.32949   1.32949   .091844   .091844   

 1.05        .665811   1.99388   .252766   .023083   

  1.1        .033158   2.62795   .486774   .004295   

 1.15        .497395   3.23466   .309455   .000609   

  1.2         1.0759   3.81646   .140986   .000068   

 1.25        1.63109   4.37549   .051436   6.1e-06   

  1.3        2.16493   4.91363   .015196   4.5e-07   

 1.35        2.67917   5.43253    .00369   2.8e-08   

  1.4        3.17532   5.93363   .000748   1.5e-09   

 1.45        3.65476   6.41824   .000129   6.9e-11   

  1.5         4.1187   6.88751   .000019   2.8e-12   



50 

 

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

.               

. /*Matching method: Kernel*/ 

.  

. psmatch2 sani,kernel pscore(propensity) outcome(diar) 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .169083255   .155745489   .013337766   .009873821     1.35 

                   ATT | .169083255   .188833667  -.019750411   .010992509    -1.80 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     2,106 |     2,106  

   Treated |     4,276 |     4,276  

-----------+-----------+---------- 

     Total |     6,382 |     6,382  

 

. mhbounds diar, gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.31485   1.31485    .09428    .09428   

 1.05        .642721   1.98768   .260203   .023424   

  1.1           .002   2.62979   .499202   .004272   

 1.15        .537197   3.24418   .295566   .000589   

  1.2        1.12312   3.83333   .130693   .000063   

 1.25        1.68544   4.39941   .045952   5.4e-06   

  1.3        2.22615   4.94433   .013002   3.8e-07   

 1.35          2.747   5.46974   .003007   2.3e-08   

  1.4        3.24953   5.97713   .000578   1.1e-09   

 1.45        3.73514    6.4678   .000094   5.0e-11   

  1.5        4.20505   6.94294   .000013   1.9e-12   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

. /*Matching method: Caliper*/ 

.  

. psmatch2 sani, caliper (0.01) pscore(propensity) outcome(diar) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .169083255   .155745489   .013337766   .009873821     1.35 

                   ATT | .169281199   .230391009   -.06110981   .017679687    -3.46 
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-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

 psmatch2: |   psmatch2: Common 

 Treatment |        support 

assignment | Off suppo  On suppor |     Total 

-----------+----------------------+---------- 

 Untreated |         0      2,106 |     2,106  

   Treated |         5      4,271 |     4,276  

-----------+----------------------+---------- 

     Total |         5      6,377 |     6,382  

 

 

. mhbounds diar, gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.24632   1.24632   .106323   .106323   

 1.05        1.79024   .703175   .036707   .240973   

  1.1        2.30948   .185474   .010458   .426429   

 1.15        2.80651    .21972   .002504   .413044   

  1.2        3.28337    .69405   .000513   .243825   

 1.25        3.74183   1.14922   .000091   .125234   

  1.3        4.18345   1.58683   .000014   .056275   

 1.35        4.60959   2.00832   2.0e-06   .022305   

  1.4        5.02146   2.41493   2.6e-07   .007869   

 1.45        5.42014   2.80776   3.0e-08   .002494   

  1.5        5.80658   3.18781   3.2e-09   .000717   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

. psmatch2 sani, caliper (0.06) pscore(propensity) outcome(diar) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .169083255   .155745489   .013337766   .009873821     1.35 

                   ATT | .169083255   .230121609  -.061038354   .017691086    -3.45 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     2,106 |     2,106  

   Treated |     4,276 |     4,276  

-----------+-----------+---------- 

     Total |     6,382 |     6,382  

 

 

. mhbounds diar, gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 
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    1        1.24889   1.24889   .105853   .105853   

 1.05        1.79288   .705681   .036496   .240193   

  1.1        2.31218   .187921   .010384   .425469   

 1.15        2.80927   .217336   .002483   .413973   

  1.2        3.28618   .691718   .000508   .244557   

 1.25         3.7447   1.14693    .00009   .125704   

  1.3        4.18638    1.5846   .000014   .056529   

 1.35        4.61258   2.00613   2.0e-06   .022421   

  1.4        5.02451   2.41278   2.5e-07   .007916   

 1.45        5.42324   2.80566   2.9e-08   .002511   

  1.5        5.80973   3.18574   3.1e-09   .000722   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

. psmatch2 sani, caliper (1) pscore(propensity) outcome(diar) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .169083255   .155745489   .013337766   .009873821     1.35 

                   ATT | .169083255   .230121609  -.061038354   .017691086    -3.45 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     2,106 |     2,106  

   Treated |     4,276 |     4,276  

-----------+-----------+---------- 

     Total |     6,382 |     6,382  

 

. mhbounds diar, gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.24889   1.24889   .105853   .105853   

 1.05        1.79288   .705681   .036496   .240193   

  1.1        2.31218   .187921   .010384   .425469   

 1.15        2.80927   .217336   .002483   .413973   

  1.2        3.28618   .691718   .000508   .244557   

 1.25         3.7447   1.14693    .00009   .125704   

  1.3        4.18638    1.5846   .000014   .056529   

 1.35        4.61258   2.00613   2.0e-06   .022421   

  1.4        5.02451   2.41278   2.5e-07   .007916   

 1.45        5.42324   2.80566   2.9e-08   .002511   

  1.5        5.80973   3.18574   3.1e-09   .000722   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 
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Appendix 4: Stata Printouts of the Analyses of the Effect of Access to Improved Sources of 

Drinking Water AND to Improved Sanitation Facilities 

Logistic regression                               Number of obs   =       7524 

                                                  LR chi2(11)     =     393.55 

                                                  Prob > chi2     =     0.0000 

Log likelihood = -4244.8936                       Pseudo R2       =     0.0443 

 

------------------------------------------------------------------------------ 

    eaup_san |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

        v024 |   .0004913   .0081847     0.06   0.952    -.0155505    .0165331 

        v025 |  -.3462826   .0685718    -5.05   0.000    -.4806808   -.2118844 

    hv106_01 |   .0283761    .040361     0.70   0.482    -.0507301    .1074822 

       hv220 |   .0043373   .0023908     1.81   0.070    -.0003486    .0090231 

       hv219 |   .1726916   .0718148     2.40   0.016     .0319372     .313446 

        v106 |   .0203556   .0478331     0.43   0.670    -.0733956    .1141068 

        v190 |   .2774301   .0325956     8.51   0.000      .213544    .3413162 

        v121 |  -.1783853   .0824692    -2.16   0.031    -.3400219   -.0167487 

        v130 |  -.0605262   .0172259    -3.51   0.000    -.0942883   -.0267641 

        v012 |   .0028617   .0040334     0.71   0.478    -.0050437    .0107671 

        v136 |  -.0088514     .00646    -1.37   0.171    -.0215128      .00381 

       _cons |  -1.487097   .2331315    -6.38   0.000    -1.944026   -1.030167 

------------------------------------------------------------------------------ 

 

. predict propensity if e(sample) 

(option p assumed; Pr(eaup_san)) 

(6531 missing values generated) 

 

.  

. /*Matching method: nearest neighbour*/ 

.  

. psmatch2 eaup_san, pscore(propensity) outcome(diar) n(5) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .153248195   .169029444  -.015781248    .01031136    -1.53 

                   ATT | .153248195   .153359245  -.000111049   .011830148    -0.01 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     4,585 |     4,585  

   Treated |     1,801 |     1,801  

-----------+-----------+---------- 

     Total |     6,386 |     6,386  

 

 

. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        .736166   .736166   .230815   .230815   

 1.05        1.32816   .144603   .092063   .442512   

  1.1        1.89298   .336717    .02918   .368165   

 1.15        2.43327   .875468   .007481    .19066   

  1.2        2.95125   1.39154   .001582    .08203   

 1.25        3.44883   1.88693   .000282   .029585   
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  1.3        3.92771   2.36337   .000043   .009055   

 1.35        4.38935   2.82238   5.7e-06   .002383   

  1.4        4.83508   3.26534   6.7e-07   .000547   

 1.45        5.26606   3.69343   7.0e-08   .000111   

  1.5        5.68333   4.10774   6.6e-09    .00002   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

.              

. /*Matching method: Kernel*/ 

.  

. psmatch2 eaup_san,kernel pscore(propensity) outcome(diar) 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .153248195   .169029444  -.015781248    .01031136    -1.53 

                   ATT | .153248195   .154258803  -.001010607   .010468064    -0.10 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     4,585 |     4,585  

   Treated |     1,801 |     1,801  

-----------+-----------+---------- 

     Total |     6,386 |     6,386  

 

 

. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.49282   1.49282   .067743   .067743   

 1.05        2.13317   .853283   .016455   .196751   

  1.1        2.74439   .243719   .003031   .403724   

 1.15        3.32934   .262003   .000435    .39666   

  1.2        3.89036    .81914    .00005   .206353   

 1.25        4.42953   1.35377   4.7e-06   .087904   

  1.3        4.94862   1.86781   3.7e-07   .030894   

 1.35        5.44923   2.36293   2.5e-08   .009065   

  1.4        5.93275   2.84062   1.5e-09   .002251   

 1.45        6.40043    3.3022   7.7e-11    .00048   

  1.5        6.85336   3.74884   3.6e-12   .000089   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

.  

. /*Matching method: Caliper*/ 

.  

. psmatch2 eaup_san, caliper (0.01) pscore(propensity) outcome(diar) 

There are observations with identical propensity score values. 
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The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .153248195   .169029444  -.015781248    .01031136    -1.53 

                   ATT | .153589316   .161380078  -.007790762   .016848875    -0.46 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

 psmatch2: |   psmatch2: Common 

 Treatment |        support 

assignment | Off suppo  On suppor |     Total 

-----------+----------------------+---------- 

 Untreated |         0      4,585 |     4,585  

   Treated |         4      1,797 |     1,801  

-----------+----------------------+---------- 

     Total |         4      6,382 |     6,386  

 

 

. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        .997122   .997122   .159353   .159353   

 1.05        1.44223   .552763   .074619   .290213   

  1.1        1.86697     .1291   .030953   .448639   

 1.15        2.27344   .166172     .0115   .434011   

  1.2        2.66331   .554208   .003869   .289718   

 1.25        3.03803   .926545   .001191   .177082   

  1.3        3.39885    1.2845   .000338   .099484   

 1.35         3.7469   1.62922    .00009   .051634   

  1.4        4.08316   1.96173   .000022   .024897   

 1.45        4.40851   2.28293   5.2e-06   .011217   

  1.5        4.72375   2.59364   1.2e-06   .004748   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

. psmatch2 eaup_san, caliper (0.06) pscore(propensity) outcome(diar) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .153248195   .169029444  -.015781248    .01031136    -1.53 

                   ATT | .153248195   .161021655  -.007773459   .016853557    -0.46 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     4,585 |     4,585  

   Treated |     1,801 |     1,801  

-----------+-----------+---------- 

     Total |     6,386 |     6,386  
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. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.02114   1.02114   .153594   .153594   

 1.05        1.46631   .576735   .071282   .282059   

  1.1        1.89111   .153035   .029305   .439185   

 1.15        2.29766   .142247   .010791   .443442   

  1.2         2.6876   .530305   .003598    .29795   

 1.25        3.06239   .902656   .001098   .183354   

  1.3         3.4233   1.26062   .000309   .103724   

 1.35        3.77144   1.60534   .000081    .05421   

  1.4        4.10779   1.93785    .00002   .026321   

 1.45        4.43324   2.25905   4.6e-06    .01194   

  1.5        4.74857   2.56975   1.0e-06   .005089   

 

Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 

 

.  

. psmatch2 eaup_san, caliper (1) pscore(propensity) outcome(diar) 

There are observations with identical propensity score values. 

The sort order of the data could affect your results. 

Make sure that the sort order is random before calling psmatch2. 

----------------------------------------------------------------------------------- 

   Variable     Sample |    Treated     Controls   Difference         S.E.   T-stat 

-----------------------+----------------------------------------------------------- 

       diar  Unmatched | .153248195   .169029444  -.015781248    .01031136    -1.53 

                   ATT | .153248195   .161021655  -.007773459   .016853557    -0.46 

-----------------------+----------------------------------------------------------- 

Note: S.E. does not take into account that the propensity score is estimated. 

 

           | psmatch2: 

 psmatch2: |   Common 

 Treatment |  support 

assignment | On suppor |     Total 

-----------+-----------+---------- 

 Untreated |     4,585 |     4,585  

   Treated |     1,801 |     1,801  

-----------+-----------+---------- 

     Total |     6,386 |     6,386  

 

 

. mhbounds diar,gamma(1 (0.05) 1.5) 

 

Mantel-Haenszel (1959) bounds for variable diar 

 

Gamma         Q_mh+     Q_mh-     p_mh+     p_mh- 

------------------------------------------------- 

    1        1.02114   1.02114   .153594   .153594   

 1.05        1.46631   .576735   .071282   .282059   

  1.1        1.89111   .153035   .029305   .439185   

 1.15        2.29766   .142247   .010791   .443442   

  1.2         2.6876   .530305   .003598    .29795   

 1.25        3.06239   .902656   .001098   .183354   

  1.3         3.4233   1.26062   .000309   .103724   

 1.35        3.77144   1.60534   .000081    .05421   

  1.4        4.10779   1.93785    .00002   .026321   

 1.45        4.43324   2.25905   4.6e-06    .01194   

  1.5        4.74857   2.56975   1.0e-06   .005089   
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Gamma : odds of differential assignment due to unobserved factors 

Q_mh+ : Mantel-Haenszel statistic (assumption: over-estimation of treatment effect) 

Q_mh- : Mantel-Haenszel statistic (assumption: under-estimation of treatment 

effect) 

p_mh+ : significance level (assumption: over-estimation of treatment effect) 

p_mh- : significance level (assumption: under-estimation of treatment effect) 
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