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Methodology

.

1. An appropriate spatial window is chosen at the start. This is important as it
declares the area in which observations can be observed (Baddeley et al. 2015).
Most often rectangular or convex hull domains are used (Ripley and Rasson 1977).
The reason is mathematical - in such domains the Euclidean distance is defined
and measurable. The convex hull is a good choice as a rectangular window won’t
match the locations of real village households. Villages have irregular shapes and
develop as a result of terrain and community, see Fig. 1.

2. Areas of the village with highest density of houses are selected as targets for
vaccination. These areas are not exhaustive of the village and result in an initial
sampling. We refer to these as stopping points for the vaccinator.

3. Houses within a certain radius, which is determined as a reasonable walking
distance, of the stopping points are deemed accessible and are targets for the
sampling. At each stopping point, walking is restricted to houses within this
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certain radius only and the number of houses is determined as those within
walking distance of the respective stopping point. We assume that houses not
within the determined radius of the stopping point are excluded. The selection of
the number of stopping points is done so that more than the 70% of the
accessible houses are still available for sampling. Note that the houses will be
sampled and there will not be complete coverage.

4. The stopping points and the road network are modelled as a graph. An advised
driving route is provided to the vaccinator between these stopping points. The
time for driving is considered negligible being a few minutes, as the walking
required between houses at each stopping point takes far more time depending on
the radius chosen. The environment under consideration is rural, resulting in a
limited, relatively small area with little likelihood for good driving conditions off
the main road network. Walking, of course, provides the worst case scenario; if
the route is drivable between houses at a stopping point this can be done and time
saved.

5. The houses at each stopping point selected within a minimum radius from the
stopping point, are then sampled. For this purpose we propose and simulate 8
possible sampling schemes, described in Sect. 2.6. This sampling is done so that
the sample size n is 70% of the total number of houses at all the stopping points
N.

6. The optimal walking route for vaccinator amongst the sampled houses is
determined,

7. The cost of the scheme is determined as the total walking distance amongst the
houses sampled at every stopping point for the vaccinator using the optimal walk
route determined.

8. The sampling is repeated 1000 times for each scheme to determine a bootstrap
distribution for the cost of each scheme.
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Fig. 1. A Google Earth image with the locations of the 280 houses in the village
of Buchanchari, Tanzania

Window selection
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Stopping point selection

.

The rural road network

Optimal driving route construction
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Optimal walking route
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Sampling schemes

Fig. 2. Traditional versus spatial sampling
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Application
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Fig. 3. Density map of houses in Buchanchari with an adjusted bandwith of 0.3, intensity
values are counts per 100 square kilometers
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Fig. 4. Google Earth image of the Buchanchari houses, stopping points and the digitised
road network
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Fig. 5. The weighted graph model (right) for a portion of the village (left) (stopping
points indicated in blue, the roads in red and the houses in black)
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Fig. 6. Graphical representation of the road network as well as the optimal route

Fig. 7. Plot of the houses surrounding a stopping point
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Fig. 8. Graph representation of the optimal walk (in metres) between the houses with the
stopping points as vertices and the edges weighted according to the distance between the
houses
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Fig. 9. An example of a single realisation of each sampling scheme: houses in the village
of Buchanchari (black), stopping points along the road network (blue) and the sampled
houses (red) according to each of the 8 sampling schemes
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Fig. 10. Distributions of the costs (in kms) of traditional and spatial sampling strategies
in the a Park Nyigoti village (village 1), b Rigicha village (village 2) and c Buchanchari
village (village 3)
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Table 1 Summary statistics of the cost distributions (in kms) of traditional and spatial sampling techniques for the three villages. Cells in
italic are the smallest in their case
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Discussion
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Conclusion
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Notes

1. http://www.who.int/rabies/control/Tanzania_Project_Summary_310317.pdf?ua
=1

2. http://www.gla.ac.uk/researchinstitutes/bahcm/staff/katiehampson,
http://www.katiehampson.com.

3. Scheme 1: Traditional SRS, Scheme 2: Traditional Stratified, Scheme 3: Traditional
Systematic, Scheme 4: Uniform Spatial, Scheme 5: Stratified Spatial, Scheme 6:
Systematic Regular Spatial, Scheme 7: Systematic Non-aligned Spatial, Scheme 8:
Systematic Hexagonal Spatial
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