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Abstract

 This research article reviews and compares both sampling designs and survey methodologies that have been used 
in the past studies related to environmental health. The main objective of this article is to provide comprehensive overview 
of methodologies focused on sampling designs and survey.  Most sample designs for environmental health research have 
many common features such as the multistage stratified area probability sample designs, stratified sampling. However, 
each environmental health study also varies and depends on the target populations, content, objectives, and sample size. 
This research article presents the possibility of modelling the sampling designs, surveys, the advantage and disadvantage 
of each methodology, which will provide helpful insights in order to make efficient data collection in the future. 

บทคัดย่อ

	 บทความวิชาการนี้ได้ท�าการทบทวนและเปรียบเทียบทั้งการออกแบบการสุ่มตัวอย่างและวิธีการส�ารวจข้อมูลที่ใช้ในงานวิจัยที่
เกี่ยวข้องกับอนามัยสิ่งแวดล้อม	 ซึ่งจุดประสงค์หลักของบทความนี้อยู่ที่การใช้ความรู้ความเข้าใจเกี่ยวกับวิธีทางสถิติโดยเฉพาะอย่างยิ่ง
การออกแบบการสุ่มตัวอย่าง	และการส�ารวจ		ทั้งนี้การออกแบบการสุ่มตัวอย่างของงานวิจัยที่เกี่ยวข้องกับอนามัยสิ่งแวดล้อมส่วนมากมี
ลักษณะคล้ายกัน	 เช่น	 การสุ่มตัวอย่างแบบหลายขั้นตอน	 และการสุ่มตัวอย่างแบบแบ่งชั้น	 อย่างไรก็ดีงานวิจัยที่เกี่ยวข้องกับอนามัยสิ่ง
แวดล้อมยงัมคีวามหลากหลายขึน้อยูก่บักลุม่เป้าหมายของประชากรทีต้่องการศกึษา	จดุประสงค์ในการศกึษา	และขนาดของกลุม่ตวัอย่าง		
บทความนี้จะเสนอวิธีที่ใช้ในการออกแบบการสุ่มตัวอย่าง	การส�ารวจ	ข้อดีและข้อเสียอันจะเป็นประโยชน์ต่อการเก็บข้อมูลเพื่อการศึกษา
ในอนาคต

Introduction

 Most developing countries face environmental degradation due to stresses on limited natural resources and 
ecosystems and by increasing emissions of pollutants. These conditions all increase the transmission of disease, place stress 
on poorly functioning and overburdened health systems, and complicate disease etiology. The combination of environmental 
and health problems is often exacerbated by natural disasters, civil strife, and economic crises. Economic factors play a 
crucial role in people’s choices and decisions about both health and environment. Therefore, the tools of statistics especially 
sampling designs and survey methodologies, will provide helpful insights into efficient data collection. Reviewing the previous 
studies will evaluate what researchers have written on the topic, of how to design and implement the steps required to 
conduct a sample survey. Meanwhile, comparing the previous studies will show the data from various surveys in a number 
of ways, advantages/disadvantage of each methodology. All of these will be a useful guide for the further research. The 
structure of the paper is as follow. The first section mentioned above identifies the concept of environmental health, and 
the role of sampling design and survey methodologies in analyzing environmental health. The following section will list the 
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broad, long-term objectives and what this paper is intended 
to accomplish. The third section will contain the specifics 
of sample design.  This section will detail in study population, 
sampling frame, target number of respondents and number 
of actual respondents. The fourth section will  present issues 
pertaining to survey designs, such as cross-sectional design, 
longitudinal design, cohort study, and panel study. Possible 
survey weaknesses are also discussed in this section, for 
example, non-response rate, measurement error. The fifth 
section will contain the analysis of survey data. This part 
mainly discusses on the technique of analysis, such as 
model-based analysis, namely, linear regression, logistic 
regression, and also the various methods used in the 
estimation. The last section will be conclusion.
 
Objectives 
 The aim of this study is to give a comprehensive 
overview of methodological issues in sampling and surveys 
focused on environmental health research. In addition, this 
study aims to compare methodologies and briefly results of 
environmental health research. The long term objective of 
this study is to assist the future researcher in designing surveys 
and sampling in an efficient and reliable manner.

Literature Review of Sample Design in Environmental 

Health Research

 This part will discuss the key issues involved in the 
sample design of environmental health research. It covers 
such topics as sampling frames, sample size, stratified 
multistage sampling, domain estimation, and survey analysis. 
Sample designs for environmental health research have 
many common features. Most of the surveys are based on 
multistage stratified area probability sample designs (Binder, 
1998). These designs are used primarily for frame development 
and for clustering interviews in order to reduce cost. Sample 
selection is usually carried out within strata. Despite the 
many similarities, sample designs for surveys in environmental 
health research are not identical, and may vary with respect 
to, for example, the target populations, content and 
objectives, the number of design strata, sampling rates within 

strata, sample sizes within primary sample units (PSUs), and 
the number of PSUs selected within strata.
 For example, Vosti (1990) surveyed the research on 
the costs that malaria imposes on people and economies, 
discussed how to assess the costs and effects of interventions 
used to combat the problem, and identified the conceptual 
difficulties and gaps in information that must be bridged 
before the marriage of the two disciplines can be effectively 
consummated. Later, Mills (1992) aimed to analyze the 
cost-effectiveness of the malaria control program in Nepal. 
Castilla & Sawyer (1993) assessed the human factors which 
influence risk of contracting malaria in Rondonia, Brazil. It 
based on socioeconomics and environmental data 
collected on families in 1985 in the Machadinho settlement 
area.  The dependent variable was self-reported prevalence 
during the 12 months prior the survey. This indicator was 
obtained by dividing the number of months in which each 
individual reported having malaria by the number of months 
spent in the Machadinho project. The independent variable 
was grouped into four categories (i) micro-environment: 
these variables are subdivided into variables on house 
structure; wall materials, roof materials and apertures and 
intradomiciliary factors: distance to forest, distance to stream, 
bathing sites, size of area cleared etc. (ii) economic activities 
(iii) spatial mobility: the municipalities of previous residence 
are categorized by level of malaria prevalence, since 
contact with these places of origin was likely (iv) protection 
capability: the variables related to protection against   
vector are: (a) educational level in years of schooling  (b) 
economic status as indicated by ownership of consumer 
goods (c) economic status as indicated by monetary 
expenditures; and (d) knowledge of the transmission 
mechanism as indicated by recognition of the role of 
mosquitoes in affecting transmission.  In addition, Songsore 
& McGranahan (1998) aimed to show the relationships 
between gender, age, wealth, and local environments. The 
study provided qualitative analysis of environmental burdens 
and risks. It employed the result of a questionnaire survey 
in a representative sample of households in Greater Accra 
Metropolitan Area. Recently, Dickie & Ulery (2001) 
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investigated parents’ preferences for their own and for their 
children’s acute health status, and estimated parents’ 
willingness to pay to avoid acute illnesses. The illness episodes 
valued included common short-term effects of exposure to 
air pollution, such as days of respiratory symptoms and 
episodes of acute bronchitis.
 Landrigan, Schechter, Lipton, Fahs, & Schwartz (2002) 
estimated the contribution of environmental pollutants to 
the incidence, prevalence, mortality, and costs of pediatric 
disease in American children. The study examined four 
categories of illness - lead poisoning, asthma, cancer, and 
neurobehavioral disorders. To estimate the proportion of 
each attributable to toxins in the environment, the study 
utilized an environmentally attributable fraction (EAF) model. 
EAFs for lead poisoning, asthma, and cancer are developed 
by panels of experts through a Delphi process, while that 
for neurobehavioral disorders is based on data from the 
National Academy of Sciences (NAS).  The study defined 
environmental pollutants as toxic chemicals of human origin 
in air, food, water, and communities.  To develop estimates 
of costs, it relied on data from the Environmental Protection 
Agency; CDC; NCHS; the Bureau of Labor Statistics; the 
Health Care Financing Agency; and the Practice 
Management Information Corporation.
 Pattanayak & Wendland (2007) tried to show the 
link between the environment and human health by using 
utility maximization and household production theory to 
model the incidence of forest malaria. The data for this 
paper primarily came from three sources. Individual and 
household data were from a survey conducted in Ruteng, 
Indonesia in 1996 as part of a larger economic analysis 
project on protected areas (Kramer, Pattanayak, Sills, & 
Simanjuntak, 1997; Pattanayak & Kramer, 2001). Five   
hundred households were selected from 13,700 farming 
households living in 48 village clusters (desas) in the buffer 
zone of Ruteng Park using stratified random sampling and 
weighted based on population density of the desas.         
The household surveys gathered detailed information on 
socio-economic characteristics including annual income, 
assets (e.g., consumer durables), and housing conditions. 

Additionally, the surveys collected information on age, 
gender, occupation, education levels, and diseases for 
each member of the household. Data on public infrastructure 
such as hospitals, health care clinics and schools were 
collected from secondary and administrative sources. 
District-level (kecamatan) health infrastructure information 
included data on the number of health care workers such 
as doctors, nurses, midwives, and paramedics in the district, 
as well as the number of medical facilities such as hospitals, 
health centers, clinics and pharmacies. These estimates 
were scaled by the proportion of the district population 
living in a particular village to develop village level 
approximations of health infrastructure. Finally, the household 
and administrative data was integrated with ecological 
data on forest cover within a geographic information system 
(GIS). Priyanto (1996) provided estimates of secondary (or 
regenerating) and primary (undisturbed) forest cover by 
micro-watershed of rivers and streams. Moreover, Chay & 
Greenstone (2003) used an event that caused sharp variation 
in changes in TSPs (Total Suspended Particulates) across  
sites within a narrow time frame to estimate the impact of 
air pollution on infant mortality. The study exploited 
differential changes in TSPs from 1980 to 1982 period with 
one of the most striking changes in air pollution over the 
last 30 years. In the same year, Miguel & Kremer (2003) 
evaluated the deworm treatment not only the direct benefit 
in school but cross-school externalities in Kenya. 
 In sum, the environmental health research tends to 
use face to face interviews in order to receive information 
related to household behavior. Most studies start from 
identifying conceptual variables of interest in order to 
construct the survey questions. It is important to have a 
precise description of the population that the study is 
focused. The defined target population provides an 
operational definition which may be used to guide the 
construction of a list of population elements, or sampling 
frame, from which the sample may be drawn. In 
environmental health research, the technique of   
stratification is often employed in the preparation of    
sample designs because it generally provides increased 
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accuracy in sample estimates without leading to substantial 
increases in costs. 

Sample Size

 The sample size of a survey clearly affects its cost. 
The larger the sample, the higher the overall cost of survey 
implementation. The sample size can also affect the time 
in which the data are made available for analysis. The larger 
the sample, the longer it will take to clean, edit, and weight 
the data for analysis.  
 For example, in Mills (1992), five districts areas were 
selected for detailed cost analysis, representing the main 
characteristics considered to influence the cost of malaria 
control. Data on the costs borne by household obtained 
from two surveys; a short questionnaire completed for 3252 
malaria patients in six districts and much fuller questionnaires 
in a case-control study in two smaller areas and 867 malaria 
patients. In addition, Castilla & Sawyer (1993) covered 
project area approximately 6,000,000 km2. An initial 
household survey is carried out in 1984 among 493 families 
selected for settlement. The follow-up surveys was conducted 
in two tracts of the Machadinho projects covering 
3,588,181,050 families respectively.  In Songsore & 
McGranahan (1998), qualitative data were from 1991-1992 
based on a representative sample survey of 1,000 households, 
and physical test of water quality and exposure to air 
pollution for a subset of 200 of these households.  Qualitative 
discussion was based on a series of in-dept interviews where 
the field work was conducted in the low income 
neighborhood of Nima, Ashaiman, Mamprobi,  Jamestown, 
and Old Ashaley -Botwe. Dickie & Ulery (2001) estimated 
parents willingness to pay by using survey data collected 
in Hattiesburg, Mississippi, during June - July 2000. Survey 
respondents were recruited using random-digit dialing. The 
survey was administered in person to 295 adult respondents 
with children aged 3 to 17 years living at home. The survey 
interview took an average of 25 minutes, and respondents 
were paid $20 for participating. The survey collected general 
demographic and economic information about the 
household and its members, and more detailed information 

about the adult respondent and one child. The sample child 
was selected at random from households with multiple 
children, although asthmatic children were intentionally 
over-sampled. The detailed data collected for the parent 
and sample child included measures of chronic health status, 
acute health experiences during the past year, and the use 
of preventive and remedial medical care. The survey also 
included an attribute-based, stated-preference choice 
experiment.  Respondents were presented with descriptions 
of acute health episodes, and asked whether they would 
pay stated amounts for treatment to relieve the conditions 
described. The overall design of the stated choice 
experiment was as follows. All profiles included cough with 
phlegm and add one or more other symptoms. There were 
three other symptoms (chest pain when coughing or 
breathing deeply, shortness of breath with wheezing, and 
a	fever	of	less	than	101	�F).	Each	symptom	had	two	levels	
(present or absent). There were two levels of duration (a 
two-day illness without treatment, and a seven-day illness 
without treatment). There were four prices for the initial 
discrete choice question ($40, $200, $400, $600). Also, there 
were two household members (the parent and child). The 
overall design, exclusive of the follow-up prices, can be 
described as a 27 factorial, with a total of 128 profiles in the 
full factorial.
 Pattanayak & Wendland (2007) linked between 
environment and human health by using utility maximization 
and household production theory to model the incidence 
of forest malaria. The study focused on children because 
children are most vulnerable among all sub-populations to 
health hazards. It also simplified the model by excluding 
endogenous variable because a child’s health depends 
primarily on parental decisions and external factors, rather 
than the child’s personal choices and behaviors. The study 
used the household survey data from Ruteng Park on Flores 
Island, Indonesia in 1996.  In addition, Miguel & Kremer 
(2003) evaluated the Primary School Deworming Project 
(PSDP), which took place in southern Busia, Western Kenya. 
The schools were divided into three groups by the health 
intervention; Group 1 schools received free deworming 
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treatment in both 1998 and 1999; Group 2 schools in 1999; 
while Group 3 schools began receiving treatment in 2001. 
Thus in 1998, Group 1 schools were treatment schools, while 
Group 2 and Group 3 schools were comparison schools, 
and in 1999, Group 1 and Group 2 schools were treatment 
schools and Group 3 schools were comparison schools. The 
study also used the nonexperimental method restricted to 
the subsample of 2327 pupils in grades three to eight.  In 
Laxminarayan (2004), socio-economic, demographic and 
expenditure data on households were extracted from the 
results of two rounds of the Vietnam Living Standards Survey 
(VLSS) in 1992-1993 and 1997-1998. Both surveys were 
conducted by the Vietnam’s General Statistical Office with 
financial assistance from the United Nations Development 
Programme (UNDP) and the Swedish International 
Development Agency (SIDA), and technical assistance from 
the World Bank. The first round of the VLSS was administered 
over the period October 1992 to October 1993 with a sample 
size of 4,800 households and 23,839 individuals. A second 
round was undertaken from December 1997 to December 
1998, with some changes in questionnaire design and a 
slightly larger sample size of 6,000 households and 28,518 
individuals. Both surveys were nationally representative. 
Roughly 4,300 of the 1997-1998 sample households and 
17,780 individuals of the 1997-98 sample individuals were 
the same households and individuals interviewed in 1992-
1993. These data were matched with province level data 
on malaria cases, deaths, and population obtained from 
Vietnam’s National Malaria Control Program (NMCP).

Survey analysis

 A survey questionnaire is usually composed of several 
parts, often called modules. A module consists of one or 
more pages of questions that collect information on a 
particular subject, such as housing, employment, environment 
situation, or health. The choice of modules and the details 
of each module will vary greatly, depending on the 
objectives of, and the constraints faced by, the study as 
above. There is a long chain of operations from design to 
sample selection, field data collection, then back to coding, 

computing and statistical analysis. To complete that circuit 
in reasonable safety, sampling procedures should be robust.

Statistical analysis of survey data

 Regression models are used to develop a better 
understanding of the relationship between a dependent 
variable and a set of independent or explanatory variables. 
Logistic regression is used when the dependent variable is 
a categorical variable defined at two levels as in (Pattanayak 
& Wendland, 2007). Meanwhile multinomial regression models 
may also be applied to categorical dependent variables 
with more than two levels. 

Regression analysis 
 These classical methods of estimation of finite 
population parameters are known as design-based (or 
randomization-based) methods, since all inference is based 
on the properties of the sample design, via the sample 
probability distribution. 
 Vosti (1990) surveyed the research on the costs that 
malaria imposes on people and economies, discussed how 
to assess the costs and effects of interventions used to 
combat the problem, and identified the conceptual 
difficulties and gaps in information that must be bridged 
before the marriage of the two disciplines can be effectively 
consummated. First, NUMALGER which is the number of 
malaria cases each miner reported having suffered since 
arriving in the mining region equaled to 2.2 with a standard 
deviation of 3.4. The relatively large variance suggested 
that some responses might have been exaggerated. Second, 
the discrete measure of malaria is CATMAL which classifies 
responses into three categories: zero for those who never 
suffered a case of malaria; one for those who suffered from 
one to three cases; and two for those reporting four or more 
cases while working in the mining area. This approach 
allowed researchers to regroup individual more convincing 
subsets. Third, a dichotomous measure is DIMAL which takes 
on the value one for all those who reported suffering at 
least one case of malaria while working in the gold mining 
area, and zero for those who had not. In the study model, 
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three separate equations were estimated, one for each 
measures as dependent variables. The independent variables 
had been placed in four categories reflecting their expected 
influence on the dependent variables. The study used TOBIT, 
Ordered Probit, and simple Probit model. All three versions 
represent efforts to explore the influence of a series of 
individual and environmental factors on the number of cases 
of malaria. Moreover, Castilla & Sawyer (1993) used the 
logistic regression equation obtained by GLM (Generalized 
Linear Modelling). The study set the four different models, 
and analyzed the effect of distance to forest; the effects 
of residual spraying of house with DDT, month of arrival into 
the area. The study result showed that the higher economic 
status lowers the risk of malaria. The group with the greatest 
risk was the group with lowest income, with unsprayed 
houses and lack of familiarity with the vector. Also men had 
greater exposure because of closer contact with the forest.
 In Songsore & McGranahan (1998), most of 
environmental variables in the first model could be 
interpreted as indicators of suspected risk factors for 
respiratory problems, such as smoke exposure, dampness, 
poor hygiene, and pesticide exposure. The second model 
included a variable identifying female-headed household. 
This variable was not significant, and its inclusion did not 
alter the other coefficients. The third model included a 
variable which identified households with small children 
under 6 years who have had symptoms of acute respiratory 
infection within the past 2 weeks. The estimated variable 
implied that having a sick child was associated with a 3.5 
fold increase in the likelihood that the woman would report 
that she herself had a respiratory problem symptom.
 In addition, Amacher, Ersado, & Leo (2004) aimed 
to examine the relationship among health, microdams, and 
household decisions, since WHO claimed that although 
microdams have obvious benefits in terms of increasing 
agricultural productivity, they may increase the prevalence 
of water-borne diseases. The presence of disease affects 
household decisions, and these will lead to corresponding 
adjustments in household income, time allocation, and 
resource exploitation.  The utility of decision-makers was 

also affected by the health of household individuals. The 
study used household utility maximization subject to (a) 
labor allocation, (b) a cash budget constraint where income 
equaled outlays for capital, purchased goods, and hired 
labor expenditures (c) full income contraints which 
recognized all opportunity costs (d) Production functions 
for these activities depended on labor, health, availability 
of water from microdams, and other household characteristics 
(e) the health function which was defined as total time 
household members are sick. From the regression, the study 
showed connection between dams, disease, time spent on 
home health care, and expenditure.
 In Dickie & Ulery (2001), the model was used to 
derive the household’s demand for treatment of acute 
health episodes and the equivalent surplus, or willingness-
to-pay (WTP) to avoid episodes. A key parameter in the 
model was the marginal rate of substitution between child 
and parent health. This rate of substitution indicates the 
parent’s marginal valuation of the health of her child relative 
to her own health. The parent was assumed to make health 
choices in a manner consistent with maximization of an 
underlying, unitary household utility function. Parents acted 
as if to maximize a single household utility function, subject 
to constraints. Utility was determined by consumption of 
market and possibly non-market goods, the quantity or 
number of children, and the quality of each child. Child 
quality, in its broadest sense, referred to the lifetime well-
being of the child, but in empirical work generally was 
defined more narrowly as the wealth, earnings, academic 
achievement, or health of the child.
 Pattanayak & Wendland (2007) showed the link 
between environment and human health by using utility 
maximization and household production theory to model 
the incidence of forest malaria. The study showed that 
malaria rates were likely to depend on forest quality, child 
demographics, household wealth, and costs of care giving. 
Chay & Greenstone (2003) used the quasi experiment design, 
which may significantly reduce the omitted variables 
problem. For example, there was little systematic covariance 
between 1980 and 1982 TSPs changes and changes in the 
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control variables, with associations that were substantially 
smaller than the cross-sectional correlations. 
 Laxminarayan (2004) estimated the log-linearized 
household consumption Euler equation. Household level 
time-invariant fixed effects, which were expected to be 
correlated both with income as well as with exposure to 
malaria canceled out between 1993 and 1998. Time variant 
fixed effects were reduced to the constant term in the 
regression. Log change in household expenditure between 
1993 and 1998 was regressed on log change in malaria 
cases at the provincial level and a set of household 
characteristics including the household size, education of 
household head and urban-rural location.

Suggestions for Future Study

 The long term objectives of study is to assist the future 
researcher to design surveys and sampling in an efficient 
and reliable manner. This part aims to develop possible 
sample design, and survey for my own study topic. The 
sample survey means that information is obtained only on 
a subset of units in the population, on the basis of which 
inferences are drawn about the whole population. Clearly, 
how valid these inferences depend on the manner in which 
the sample is drawn and size of the sample. In contrast to 
complete or census coverage, the sampling method can 
have many advantages. These advantages spring from the 
fact that restricting the collection of information to a sample 
reduces the scale of the operation. Consequently, the cost 
is reduced and the results can be produced more quickly; 
more elaborate information can be sought; and more 
intensive methods which can provide more accurate data 
can be employed. Another major advantage of sample 
surveys is their greater flexibility in comparison with complete 
censuses: flexibility in terms of coverage, size, content, and 
other aspects of design and methodology.

 Before sample selection, the quality of the sampling 
frame needs to be evaluated. For a frame of enumeration 
areas, a first step is to review census counts by domains of 
interest. Probability proportional to size (PPS) sampling is a 
technique that employs auxiliary data to yield dramatic 
increases in the precision of survey estimates, particularly if 
the measures of size are accurate and the variables of 
interest are correlated with the size of the unit. It is the 
methodology of choice for sampling primary sampling units 
(PSUs) for most household surveys. PPS sampling yields 
unequal probabilities of selection for PSUs. 
 Moreover, sampling weights are needed to 
compensate for unequal selection probabilities, for non-
response, and for known differences between the sample 
and the reference population. The weights should be used 
in the estimation of population characteristics of interest 
and also in the estimation of the standard errors of the 
survey estimates generated. However, there is lack of details 
in this part in our literatures.
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