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Abstract.
López-Collado, J. 2002. RANA: A computer program for
the spatial analysis of infected plants. Revista Mexicana de
Fitopatología 20:210-212.
Runs analysis is used to detect spatial patterns of infected
plants. The analysis usually relies on the normal distribution
to test randomness. The paper introduces RANA, an object-
oriented, computer program which uses the true runs
distribution to test randomness. RANA has a visual interface
where data grids represent fields. Values in the grid correspond
to healthy, infected or missing plants. Data can be analized
by individual rows (columns) or by merging rows (columns).
In addition, RANA can generate the true runs distribution
for a given set of parameters.

Additional keywords: quantitative epidemiology, statistical
software, runs analysis.

Resumen. El análisis de rachas se emplea para detectar
patrones espaciales de plantas infectadas. El análisis se apoya
generalmente en la distribución normal para probar
aleatoriedad. El trabajo presenta RANA, un paquete de
cómputo orientado a objetos que emplea la distribución real
de rachas para probar aleatoriedad. RANA tiene una interface
visual donde retículas de datos representan campos. Los
valores en la retícula corresponden a plantas sanas, infectadas
o ausentes. Los datos se pueden analizar por hileras
(columnas) individuales o uniendo hileras (columnas).
Además, RANA puede generar la distribución real de rachas
para un conjunto de parámetros.

Palabras clave adicionales: epidemiología cuantitativa,
paquete estadístico, análisis de rachas.

Researchers use several methods to study spatial patterns of
infected plants, such as two-dimensional distance class
analysis (Nelson, 1992), probability distributions (Gaunt and
Cole, 1992; Turechek and Madden, 1999), spatial
autocorrelation analysis (Gottwald et al., 1998), and runs
analysis (Madden et al., 1982). Wald and Wolfowitz (1940)
developed the test of runs to determine if two samples belong
to the same population, while Madden et al. (1982) proposed

this test to detect departure from randomness for infected
plants. For row crops, a run is a set of contiguous plants which
are either infected or noninfected. For example, if infected
plants are represented with ones and noninfected plants with
zeroes, the sequence 0011010110 contains seven runs.
Rejection points (p-values) for the runs test are estimated
with the normal distribution (Sheskin, 2000) because the
asymptotic distribution of runs is normal (Wald and
Wolfowitz, 1940). Mendenhall et al. (1990) recommended
using the normal approximation when both n1 (infected plants)
and n2 (noninfected plants) are higher than 10, while Swed
and Eisenhart (1943) suggested this approach when n1 = n2
and both are higher than 20. In addition, Draper and Smith
(1998) used a continuity correction factor (CF) to improve
the precision of such an approximation. On the other hand,
the true runs distribution allows computing exact p-values
for the test, thus eliminating errors when estimating p-values
with the normal distribution (Wald and Wolfowitz, 1940).
Therefore, a computer program which applies the exact
distribution should be available. This paper describes the
RANA (Runs ANAlysis) computer program which applies
the latter approach. The application was implemented with
Delphi (Inprise Corporation, 1999). RANA represents and
solves the computational problem as object classes (Booch,
1994). The program applies the runs test to “plants” arranged
in a grid. RANA can also generate the true distribution of
runs for a given number of infected plants out of a total. An
appropriate object generates such distribution. Algorithms
and computations were verified against values provided by
Swed and Eisenhart (1943). RANA comprises a main window,
child windows and dialog boxes. Each child window contains
a data file. The child window has two pages: a rectangular
input cell grid and a result page. In the grid page, zeroes and
ones represent noninfected and infected plants, respectively.
Periods represent missing values to model irregular plot
shapes at the edge of the grid and broken rows in the middle
(Fig. 1A). The user can create a fresh data file from scratch
or open a previous one. Dialog boxes are used to change the
size of data grid and features of the test. The null hypothesis
(Ho) considers the arrangement of infected plants as random.
The one-side alternative hypothesis (Ha) is either a contagious
(aggregated) or regular arrangement of infected plants; Ha
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A direct interpretation is always possible and infected plants
in row nine may be considered aggregated with an observed
significance level of 0.0667. The latter approach gives the
user more flexibility to interpret results of the test. When
individual rows are merged, two composite rows are
produced, divided by the missing value in row seven. Arrows
in Figure 1A show the chaining directions to obtain merged
row one, which has 78 elements, 24 infected plants and 19
runs. The p-value is less than 0.01 and indicates aggregation.
The second merged row has 39 elements, 12 infected plants
and nine runs. The p-value is less than 0.01 and indicates
aggregation as well. RANA is not intended to substitute other
types of spatial analyses, but to complement the current ones.
Also, runs analysis is a general nonparametric test (Sheskin,
2000), so the program can be applied to other types of data.
RANA is copyrighted by the author, but freely available on
the internet at http://jlopezco.topcities.com/rana.htm. The site
also contains the User´s guide, along with the source code to
use for noncommercial purposes. The User´s guide describes
the runs test in full, and how to use the program.
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