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Use of GPS-Enabled 
Mobile Devices to Conduct 
Health Surveys: Child 
Mortality in Sierra Leone
Sowmya R. Rao, Gary Shapiro, and Theresa Diaz

Health surveys are impor-
tant tools for studying the 
incidence and prevalence of 

diseases, health expenditures and use 
of services, effects of policy decisions, 
and association of important risk 
factors to various disease outcomes.

Conducting health surveys in 
developed countries can be dif-
ficult, but conducting health sur-
veys in developing countries poses 
enormous challenges—for example, 
when a survey is carried out in a 
country trying to revive itself after 
a long civil war. The population may 
live mostly in rural and inaccessible 
areas, and a great deal of population 
migration might be taking place. It is 
difficult to compile a list of addresses 
to create a sampling frame (list of 
households or people in the popula-
tion of interest) unless there has been 
a recent census, and so one has to 
choose an alternative way to get the 
information. Getting a representa-
tive sample is important, especially 
when one wants to obtain estimates 
of disease prevalence/incidence in 
a population, and a good sampling 
frame can help ensure this. There are 
several common sampling strategies 
(e.g., stratified, systematic, multi-
stage cluster) to draw representative 

samples, but most of them are based 
on having access to a sampling frame. 

In developed countries, several 
modes of data collection often are 
used, such as mailed paper surveys, 
telephone calls, or in-person inter-
views. Sometimes, a combination 
of two or more of these modes is 
employed to increase the response 
rate and efficiency while minimiz-
ing costs. The selection of the mode 
depends on the size and topic of the 
survey, available funds, and feasibil-
ity of obtaining a high response rate. 
In developing countries, one often 
has to conduct in-person interviews 
because regular telephone services 
might not be reliable and people 
might not be able to respond to mail 
surveys easily.

Manual collection of infor-
mation for a sampling frame and 
conducting surveys that later have 
to be entered into a computer can 
be expensive and time consum-
ing. However, an exciting tech-
nology application that cuts down 
the time and makes both these 
aspects (sample-generation and 
data collection) efficient and effec-
tive is global positioning systems 
(GPS)-enabled mobile devices.  
GPS-enabled mobile devices such 
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as personal digital assistants (PDAs) 
have great potential for widespread 
use for surveys in developing coun-
tries. They are a great tool for build-
ing a sampling frame where none 
exists, selecting a sample, and col-
lecting accurate data. They can be 
used in a variety of environments, 
but are especially useful in develop-
ing countries where a majority of 
the population lives in rural areas 
and/or there is no recent census 
information. There is no need for 
double data entry or the additional 
cost that comes with it since all the 
information is entered directly into 
the PDA. 

Disease and Child 
Mortality in  
Sierra Leone
Sierra Leone (meaning “lion moun-
tains”) is a country located on the 
west coast of Africa that experi-
enced a civil war for more than 10 
years—between 1991 and 2002—
disrupting many services, includ-
ing the health care infrastructure. 
It has an estimated population of 
about 5.9 million, with approxi-
mately 60% of the population living 
in rural areas. Sierra Leone now 
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has some of the poorest people and 
worst health indicators in the world. 
Sixty-three percent of the popula-
tion falls below the international 
poverty line of $1.25 per day. Fif-
teen percent is under five years of 
age. In 2009, the infant mortality 
rate was estimated at 123 per 1,000 
live births, the second-worst in the 
world (the worst being Afghani-
stan), and the “under-five” (i.e., 
under five years old) mortality rate 
was estimated at 192 per 1,000 live 
births, ranking fifth for under-five 
mortality in the world. Sierra Leone 
is ranked the sixth-highest in the 
world for maternal mortality ratio 
(MMR), with estimated MMR of 
970 per 100,000 live births.

Under-five mortality due to 
malaria, diarrhea, and pneumonia 
and fever in Sierra Leone has been 
high since the country came out of 
its civil war. Because health care in 
the rural areas was almost nonex-
istent, the Ministry of Health and 
Sanitation allowed nongovernmen-
tal organizations to deliver com-
munity case management (CCM) 
with community health workers to 
increase coverage of treatments for 
malaria, diarrhea, and pneumonia 
in an attempt to improve the health 
conditions of children. In 2006, this 
form of CCM was piloted in one 
district by the International Rescue 
Committee and then extended to 
two additional poor and marginal-
ized areas with funding from the 
Canadian International Devel-
opment Agency and technical 
assistance from United Nations 
Children’s Fund (UNICEF). 

UNICEF wanted to evaluate 
the success of the CCM program 
by comparing the rates of treat-
ment for the three diseases (malaria, 
pneumonia, and diarrhea) before 
and two years after launching the 
program. The main objectives were 
to compare the change from base-
line to 2012 in coverage of treat-
ment for the three diseases between 
areas that were selected to receive 
CCM and areas that were not. No 
baseline estimates were available. 
UNICEF decided to estimate these 
rates by conducting a survey before 

the launch of the program. A base-
line survey was conducted in the 
survey areas in June/July 2010, with 
a follow-up survey to determine 
the success of the CCM program 
planned for June/July 2012.

Theresa Diaz, the principal 
investigator from UNICEF, col-
laborated with Adam Wolkon from 
the Centers for Disease Control 
and Prevention (CDC) and statisti-
cians from Statistics Sierra Leone to 
conduct the survey. She contacted 
Statistics Without Borders (SWB), 
which is an outreach group of the 
American Statistical Association 
comprised entirely of volunteers for 
statistical assistance. SWB mem-
bers provide pro bono statistical 
consulting and assistance to orga-
nizations and government agencies 
in support of these organizations’ 
not-for-profit efforts to assist with 
international health issues. Two 
from SWB provided sample size 
estimates and support on the design 
and with the preliminary analysis 
of the data. 

GPS-Enabled Personal 
Digital Assistants
To conduct surveys in developing 
countries where a sampling frame 
is not available, either new sampling 
frames can be constructed on paper, 
or quicker but biased methods not 
requiring frame construction can 
be performed (e.g., the “EPI spin 
the bottle” method, in which one 
spins a bottle, walks in the direc-
tion the bottle points, and chooses 
households systematically (maybe 
every third or fourth house)). Con-
structing sampling frames on paper 
are time consuming, and the EPI 
method does not generally permit 
all households to have prespeci-
fied, or even known, probabilities of 
selection. Being able to estimate the 
probability of selection accurately is 
important to produce population-
based unbiased estimates.

The GPS-enabled PDA is a 
powerful tool designed for rapid 
use and is superior to the traditional 
listing methods. Typical use of this 

Figure 1. Map of Sierra Leone – CCM districts (Kambia and Pujehun) are in 
blue; non-CCM districts (Tonkalili and Kailahun) are in orange
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technology, an example being the 
freely available software CDC GPS 
Sample (based on a presentation by 
Adam Wolkon at UNICEF, NY), 
involves five steps: creating a sam-
pling frame, merging data between 
multiple mappers, performing the 
random sampling, navigating to the 
selected households, and conduct-
ing the survey.

To create a sampling frame of 
houses in a neighborhood, one 
walks around the area with the 
PDA in hand and records GPS 
points by mapping the location 
(latitude, longitude) of the houses. 
If it is a big area, multiple people can 
map at the same time. The sampling 
frame is then created by merging 
the data from the different PDAs 
via an infrared or Bluetooth con-
nection. As the sampling frame is 
constructed, the program generates 
a random ID as each household is 
being mapped. Later, when a ran-
dom sample is desired, any number 
of procedures can be used to select a 
random sample based on the gener-
ated random household IDs. 

The GPS navigates the inter-
viewer back to the sampled 
households with maps, loca-
tion information, distance, and  

With all these advantages in 
mind, the GPS PDA technology 
is not a “one-size-fits-all” solution. 
They need to be programmed for 
different environments and uses. 
Use of PDAs cannot overcome a 
poorly designed survey instrument. 
All the rigor that goes into plan-
ning a paper survey also should go 
into planning a survey to be pro-
grammed into a PDA.

The Sample 
Sierra Leone is divided into four 
provinces, each consisting of 14 dis-
tricts that have their own elected 
local government. Selection of dis-
tricts to receive CCM was based 
on a composite score that included 
wealth status, immunization and 
stunting rates, and availability of 
health services. Of the seven dis-
tricts, two (from different parts of 
the country) were selected to receive 
CCM and two nearby districts were 
selected as comparison districts. A 
representative sample of households 
(HHs) was drawn from each of 
these districts. 

Each district is comprised of 
many enumeration areas (EAs), 
which can best be understood as 
census tracts. Based on the 2004 
census, a complete set of EAs was 
recorded, and, for our purposes, they 
could be assumed to capture the 
entire Sierra Leone population. To 
obtain data on households within 
the four districts, we sampled 50 
EAs with probability proportional 
to size of the EA population and 
then sampled 30 households com-
pletely at random within each 
EA. Enumeration areas consist-
ing of fewer than 55 households 
in the 2004 census were combined 
to enable sampling from at least  
50 HHs. 

The Survey Instrument
The survey consisted of three ques-
tionnaires: one for the household, 
one for women of child-bearing age 
(women’s survey), and a third for 
women with children under the age 
of five (child survey). The question-
naire asked about the medications 

A male interviewer collects roster data on persons living in the household.
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compass direction pointer. The 
household selection directly inserts 
the selected household into the sur-
vey module. The survey is directly 
programmed into the PDA and 
enables the interviewer to conduct 
interviews more efficiently, since 
they do not have to worry about 
the skip patterns or consistency or 
range checks. The PDA also can 
incorporate visual aids (e.g., pictures 
of medicines), which are helpful in 
improving accuracy in responses to 
some questions (though due to the 
small screen, this is usually done on 
laminated cards). 

The data are stored on the per-
sistent memory and backed up to 
the solid-state memory card, so the 
loss of data is minimized, even when 
the PDAs break or lose power. The 
privacy of the respondents can be 
protected and confidentiality of 
the data maintained by restricting 
access to the data and nonessential 
programs using a password-pro-
tected program. Added advantages 
of the PDA are that interviewers 
are happy not to have to carry huge 
loads of paper surveys around and 
that the data can be instantly down-
loaded to an Access database for 
immediate analysis. 
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given to children for the treatment 
of the three conditions—malaria, 
diarrhea, and pneumonia and fever. 
We did not incorporate the visual 
aids into the PDA, but instead 
had interviewers carry the pictures  
with them.

Investigators from UNICEF 
and CDC developed the question-
naires and trained native Sierra Leo-
neans to be interviewers. Statistics 
Sierra Leone provided assistance 
with some of the training and all 
the field work. The 50 interview-
ers had previous experience with 
national household surveys and 
participated in a one-week training 
that included going through each 
question to ensure they understood 
what was being asked, practicing 
interviewing with each other, learn-
ing techniques for approaching the 
household, and administering con-
sent. They also participated in two 
field practices with the PDA, one in 
the surrounding urban community, 
after which problems with the PDA 
were fixed, and one in a farther off 
community. The survey was written 
in English (it is the only language 
with script in Sierra Leone) and 
verbally translated by interview-
ers into the language preferred by 
the respondent (generally Krio, 
Timne, Mende, or Limba) using 
standardized key words obtained 
from a qualitative study and the 
interviewers themselves. 

We pilot-tested the survey in 10 
households to gauge the accuracy 
and validity of the survey question-
naires so any emergent problems 
with the questions and layout could 
be solved before programming into 
the PDAs for the main survey. 
The pilot test enabled us to mod-
ify the questionnaires to address 
errors in skip patterns, rewording 
and reordering of some questions, 
and the inclusion of alternatives 
in the response category that fit 
into the Sierra Leonean context. 
For example, in the household 
questionnaire, the alternative, “an 
animal-drawn cart” was replaced 
with “ormolankay,” a cart drawn by 
human beings, since animal-drawn 
carts are not used in Sierra Leone.

Data Collection via 
GPS-Enabled PDA
To construct a sampling frame 
within EAs, the surveyors went 
to the sampled EAs and walked 
around with the GPS-enabled 
PDAs to map every HH in the 
region. The EAs generally cover a 
fairly small geographic area and a 
small number of households. We 
had some EAs that had less than 
the required sample size of 50 
HHs, so we combined them with 
other similar EAs to create a large 
enough area to sample the required 
number of HHs. The CDC GPS 
Sample allowed the collection of 
information on the name of the 
township/village, an ID number for 
the household, and a text field to 
store any additional information 
that might help in identifying the 
particular households later. It also 
stored the coordinates (longitude, 
latitude) of the mapped households, 
which helped in the navigation later. 
When more than one interviewer 
mapped the same area, the informa-
tion collected was transmitted to 
each interviewer’s PDA to create a 
complete listing of the households. 
This created our sampling frame 
within an EA.

This sampling frame was then 
used to sample the households for 
the actual survey. A random number 
was generated as each household 
was being mapped, which was then 
used as the ID number for that 
household. These were then sorted 
in an ascending manner and the 
required numbers of households 
were sampled from the total num-
ber of households. The mapping of 
the households was done separately 
in each EA, and 30 households were 
drawn completely at random within 
each of the 50 EAs per district we 
had identified.

The interviewers were given 
the PDAs that had the sampled 
households and the surveys already 
programmed in them. The GPS 
guided the interviewers back to the 
sampled households based on the 
coordinates and by displaying a dot 
showing the location of the house 
on a compass on the PDA. 

Figure 2. The PDA screen showing the list of households 
sampled and a map of the layout of the households with 
the red arrow indicating the sampled household
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The selected household was 
directly inserted into the house-
hold module. The interviewer then 
administered the household survey, 
which collected baseline informa-
tion to assess the eligibility for the 
other two surveys. If eligible, the 
interviewer was prompted to con-
tinue with the next survey. 

We downloaded the data from 
the PDAs into an Access data-
base for analysis. We managed to 

conduct a preliminary analysis in a 
week’s time, which would not have 
been possible if the survey had been 
conducted using paper question-
naires employing double data entry 
to get all the data onto the computer 
for analysis.

In spite of pilot testing the 
instrument, we did encounter some 
problems in the field. The program 
on the PDA created duplicate 
records when an interview was not 
completed at one sitting and the 
interviewer later went back to the 
same household. We found that 
some of the records were incom-
plete because interviewers had 
stopped the questionnaire at some 
point and either did not return 
to complete the interview or did 
return to complete the interview but 
started all over again creating a new 
record. We had not programmed all 
the consistency checks for the vari-
ables. For example, persons could 
enter zero for number of persons 
living in the household when they 
may have actually meant 10. Where 
possible (e.g., duplicate records), we 
cleaned data by using the record 
with the complete information or 
using some kind of cross-checks of 
questions to find the answers for the 
unanswered questions. 

The original surveys were con-
ducted in June/July of 2010. A fol-
low-up survey is being planned, and 
we intend to address the problems 
encountered in the earlier survey 
as well as incorporate visual aids in 
the PDA.

Final Thoughts
Several technologies are available 
for data collection: paper, smart 
paper, scannable forms, PDAs 
(smart phones, data-only devices), 
tablets, netbooks, notebooks, etc. 
PDAs and/or tablets are the most 
convenient since they are easy to 
program (even when collecting 
complex data), can be used interac-
tively with a respondent, do not 
require additional data entry, can 
transmit data on the fly, and are 

hand-held and not cumbersome to 
carry around. In addition to being 
well-suited as a survey tool for 
developing countries, PDAs with 
cellular data connectivity or smart-
phones provide an ideal platform 
for mobile health applications that 
allow remotely located patients to 
enter information or upload pic-
tures that can immediately be 
relayed to a remote health profes-
sional. These applications are 
expected to improve health care 
access to the immobile, or rural, 
populations while also cutting 
health care costs.   

Further Reading
CDC GPS Sample: https://sites.

goog l e . c om/ a / w olkon . c om/ 
gps-sample.

VandenEng, J.L.; A. Wolkon; D.J.  
Terlouw et al. 2007. Use of 
handheld computers with global 
positioning systems for prob-
ability sampling and data entry 
in household surveys. Am J Trop 
Med Hyg 7:393–9.

Sierra Leone Data and Statis-
tics: http://web.worldbank.
org/WBSITE/EXTERNAL/
COUNTRIES/AFRICAEXT/
SIERRALEONEEXTN/0,,
menuPK:367849~pagePK:1
41132~piPK:141109~theSit
ePK:367809,00.html.

United Nations Inter-agency 
Group for Child Mortality 
Estimation. 2011. Levels and 
trends in child mortality. New 
York, New York: United Nations 
Children’s Fund.

World Health Organization, 
UNFDPA, UNICEF, World 
Bank. 2010. Trends in maternal 
mortality: 1990–2008.

Standardized Monitoring and 
Assessment of Relief and Tran-
sitions. 2006. Measuring mor-
tality, nutritional status, and food 
security in crisis situations: Smart 
methodology, version 1. http://
smartindicators.org/SMART_
Methodology_08-07-2006.pdf.

About the Authors
Sowmya R. Rao is an associate professor in the 
department of quantitative health sciences of the University of 
Massachusetts Medical School and a senior statistician with 
the Center for Health Quality, Outcomes, and Research at 
the VA Medical Center in Bedford, Virginia. She has been a 
volunteer with Statistics Without Borders (SWB) since 2010 
and now serves as secretary. 

Gary Shapiro is the unpaid chair of Statistics Without 
Borders. His work has been in survey sampling, primarily as a 
senior statistician at Westat and assistant division chief at the 
U.S. Census Bureau. 

Theresa Diaz is director of the UNICEF Knowledge 
Management and Implementation Research Unit of the Health 
Section. This unit conducts implementation research and 
monitoring and evaluation activities for the health activities 
supported by UNICEF to provide evidence for the effect of 
UNICEF child health programs.

A female interviewer collects data on PDA from the head of 
the household.
PHOTO COURTESY OF THERESA DIAZ


