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Abstract
 We propose a method using a combination of ArcView and a GPS to accurately and effectively
create and locate random sample points over large research areas. We also present a
preliminary public health case study which used this method to locate sample sites in a rural area
of Limpopo Province, South Africa. Both health and vegetation surveys were carried out at these
sites. Although similar techniques have been used in environmental science research we are
unaware of the use of combined GIS-GPS technologies for sample determination, nor do we
know of use of this approach in health sciences research.

Introduction
 GIS and GPS technology have been used in environmental research for many years, but the use
of geo-spatial techniques has only recently begun in medical fields such as public health and
epidemiology.  Encouragingly, health researchers are beginning to recognize this powerful tool,
particularly in mapping the spread of infectious disease and predicting future outbreaks based on
spatial characteristics (Pope et al. 1992, Malone et al. 2001a, Malone et al. 2001b, Martin et al.
2002, Tran et al. 2002).  However, in a review of ESRI’s library(ESRI 2002), containing its recent
publication list from 1995 to 2002, health-related abstracts made up only 3.0% of the total, while
environmental science comprised 11.4%.  Clearly, efforts to integrate GIS into the health
sciences must continue.

Although health research is beginning to make use of GIS in mapping and analysis, we are
unaware of any health-related studies that use GIS as a sampling tool. Public health surveys rely
heavily on random sampling methods (Hennekens and Buring 1987).  In the United States, this
often means that researchers use random-digit dialling or stratified sampling based on street or
block maps(Green and Krosnick 2001).  However, achieving a random sample of interviewees is
not as easy when working in the rural developing world.  Often there are no reliable maps
available, and telephone questionnaires are useless because the majority of the population has
no telephone.  Many rural villages are built haphazardly, without well-defined streets that
investigators can use as markers for stratified sampling of homes.  Therefore, the use of field
maps developed using global positioning systems, which can later be downloaded into a GIS
system such as ArcView, is immensely helpful.  We report here on a method for developing
random samples using a combination of ArcView mapping and field GPS.   With this method,
many of the sampling problems encountered by public health researchers in developing countries
can be easily solved.  Furthermore, the method is generalizible to other types of research, such
as environmental sampling in difficult terrain.

Methods

General Method:
In order to generate a sample of random points, a project file containing the shape file that
corresponds to the area over which the points will be distributed must already exist. It is essential
that the shape file consist of only one feature. If the shape file consists of separate spatially
divided polygons these must be merged into a single feature by using the Geoprocessing Wizard
to dissolve the features together. This ensures that the points are distributed randomly across the
entire area, even if it divided into spatially separate parts.

Once the shape file is in the desired format, select it and open its table. A new field of data must
be created that indicated the number of random points desired.  In order to do this, begin editing
the table by selecting Start editing from the Table drop-down menu.  Then use the Edit



dropdown menu to select Add field. In the display box, the new field can be given a name,
preferably something descriptive that will make it easy to identify such as Randsampoint. Type
should be set to number and the width and decimal points can be left at their default values. After
creating the new field, enter the number of random sample points desired under the
Randsampoint field by using the edit icon. Then select Stop editing from the Table drop-down
menu and be sure to save edits.

After closing the table, be sure the appropriate shape file is selected. Then use Edit Legend from
the Theme drop-down menu to open the Legend Editor box.  Choose Dot as the Legend Type.
Under Density Field, select the name of the newly created field, such as Randsampoint. Leave
Normalize by: at its default of <None>.  Enter 1 in the Dot Legend: 1 dot = choice in order to
have a 1:1 ratio of random dots to desired random points. Then click Apply. The randomly
distributed points will appear on the shape file display.

Unfortunately, these points are not fixed. They will be randomly redistributed every time a shape
file is selected or deselected, or the current view is changed by zooming in or out. In order to
make a permanent copy of these points a new point shape file must be created using the position
of the randomly distributed points on the original shape file.  After creating and naming a new
point shape file, it must be edited to include each random point from the previous theme.  To do
this, activate the new shape file for editing and then click the Draw Point icon on the tool bar.
Attempt to place the cross hair as accurately as possible over each one of the randomly
distributed points. Left click on the mouse to create the point and continue this process until all
the points have been selected. It is essential to do this in one sitting as selecting or deselecting
any of the shape files or closing ArcView will redistribute the points. Once all the points are
entered stop editing and save the changes. Descriptive labels can be added to the points by
editing the new shape file’s table. Each newly created random point has georeferencing
information associated with it.  The points can be uploaded to a GPS.  It is then possible to use
the GPS in the field in order to navigate to each randomly selected point in order to conduct the
appropriate surveys.

Field Methodology:
We used the above methodology in the field during our 2002 research in Limpopo Province,
South Africa investigating the relationship between asthma and the local environment.  Tshifudi
and Damani, two rural villages approximately 9.5 km apart, were selected as the research areas.
Each study site had an area of approximately 70 km2.  Two surveys were conducted in each
research area.  The first was an asthma, health and nutrition survey; the second was a vegetation
survey.  Both surveys required random point selection to eliminate bias.

Health questionnaire:
 100 questionnaires were completed per research area. We obtained the ArcView shape file
outlines for both villages from the Municipal Demarcation Board of South Africa (MDB 2003).
Because the village polygons were not contiguous, for each research area we dissolved the
separate polygon features into a single feature. We then assigned 100 random points as
described in the general methods above. Using the DNR Garmin extension for ArcView (DNR
2002), we uploaded these points into our Garmin GPS III Plus. In the field, we used the GPS to
determine the exact location of the point on the ground. Then, we simply chose the nearest house
to each point in order to create a random selection of household interviews.  If there were several
houses near the point, we used the GPS to determine distances from the reference point to each
house.  With this information, we could accurately choose the house that was closest to the
reference point. We also identified the exact GPS co-ordinates of each house surveyed for future
uploading into our GIS. Having the exact field locations of the households that were interviewed
made follow-up considerably easier.

 Vegetation Survey:
100 vegetation samples were also taken per research area. These vegetation points were
randomly distributed over each of the 70 km2 areas again using the methodology described



above. In the field, we used the GPS to locate the random points on the ground. Due to the
extreme nature of some of the terrain, it was not always possible to get to within 1 m of each
point. Tall trees, dense undergrowth and steep cliff faces often made it difficult to obtain an exact
position fix. We again identified the exact GPS coordinates for the actual location on the ground
where we conducted our vegetation sampling. As for the health survey points, we later uploaded
these points to our GIS via DNR Garmin.

Results
Figure 1 is an ArcView map showing the location of the two study areas and the randomly
distributed vegetation samples for both sites.  Figure 2 displays the Tshifudi study area, including
villages and randomly distributed points for both the health and vegetation surveys.  A similar
map was created for the Damani study area.  For the health surveys, we successfully located in
the field all the points randomly assigned using ArcView.  From these points the nearest house
was easily determined.  In only six instances was it not possible to judge by eye which house was
closest to the GPS point.  In these cases, as described above, we used the GPS to determine the
distance from each home to the designated point, and the house with the smallest distance was
then chosen.  In one instance, two randomly placed points corresponded to the same home.  In
this case, the second random point was omitted and a new random point determined.

200 points were randomly placed for the environmental surveys; of these, 190 were accurately
located to within 1 m in the field.  During field location, we discovered that 7 points were in
completely inaccessible locations, 6 on cliff faces and 1 on a steep riverbank.  In these instances,
we attempted to get as close as possible to the GPS point and then used this nearest
approximation for the sampling.  Three other points were found to be in a lake.  These three
points were omitted and three new points were randomly determined.  These were successfully
located.

Overall, during field-testing we were 99.5% successful in determining the nearest house to each
random point, and 95% successful in completing environmental samples within 1 m of each
random point as designated.  Using a better map initially, for example, one that showed lakes,
would have improved our accuracy slightly because we could have omitted inappropriate areas
from consideration when placing random points.

Discussion
Using our method, creating and executing spatially random samples was easily accomplished in
the field.  Field-testing confirmed that this method is very workable for both public health sampling
in villages and environmental sampling over large areas of varied terrain.  The most significant
problem with the method is the time required to manually create the random point shape file by
duplicating the distributed dots from the original theme.  If a large number of points were desired,
the time and effort involved could become prohibitive.  However, in our own research, duplicating
over 400 random points, although admittedly tedious, was not too onerous to complete.  In the
field, the main problem encountered was that random points might be inconveniently located or
even unreachable (on cliff-faces for example).  This problem is not unique to our method of
determining samples; rather, it is inherent in any truly random sampling.  Therefore, this particular
concern should not be a deterrent to the use of our sampling method.

The main advantage of this method of creating random samples is that it is nearly free from bias.
Samples of discrete points can be truly randomly located regardless of the terrain or the
arrangement of homes in a village or town.  These points can then be identified with great
accuracy in the field using a handheld GPS.  The combination of complete randomization prior to
visiting the site in question coupled with accurate location of the randomized points at the site
means that the final sample should be representative of the population from which it was drawn,
given an adequate sample size.  It is possible that locating the randomized points could be
difficult in certain environments, such as dense forest, where satellites are obscured.  In such
environments, alternative field methods would be required.  Except in this instance, our method is
generalizable to any location and it could be used in any of the numerous fields of study in which



random samples are necessary.  Sampling of nearly any scale is possible as long as the spacing
between samples is greater than the accuracy of the handheld GPS device.

Shortly after the completion of our own research using this sampling technique, DNR developed
its “Sampling Tools” downloadable extension(DNR 2003).  These tools include a random
sampling option that achieves similar results to our own without the problem of having to create a
new shape file that duplicates the initial theme.  However, we have been unable to successfully
run this extension on our version of ArcView.  Clearly, some researchers have had success with
this extension, but for those who have not, our simpler, albeit more labor-intensive, method will
still be useful.  Several other downloadable extensions for random sampling exist but have not
been tested by us.(Lead 2002, NPS 2002, EPA 2003, NOAA 2003)  All were described as useful
for biological sampling such as soil sampling, fish and wildlife studies, EPA risk assessment,
environmental decision-making, and watershed analysis.  None mentioned the utility of such
sampling for human health and demographic studies.  It is our hope that researchers in the fields
of medicine, public health, epidemiology, and demographics will also begin to use these sampling
methods to make their work easier and more accurate.
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