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Importance of joint interpretation of the coefficient of variation and
determination in agricultural trials: A case study with bean yield

Importancia de la interpretacion conjunta del coeficiente de variacion y de
determinacion en ensayos agricolas: Un estudio de caso con rendimiento de frijol
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Authors Abstract
Freddy Carlos Gavildnez Luna Verifying the goodness of an agricultural experiment in analysis of variance (ANOVA)
W fgavilanez@uagraria.edu.ec models only through the coefficient of variation (CV) of its variables can lead us

to make decisions about imprecise trials (error II) or even take us to the extreme.
more complicated to recommend alternatives that in practice do not have significant
effects (error I). A statistician that must accompany the CV to assess this goodness
and that is not affected by the degrees of freedom of the experimental error as in the
latter, is the coefficient of determination (1?). Given this situation, it was proposed
to demonstratively detail a practical example to increase the value judgment of a
researcher when accepting the results of an experiment, considering for this purpose
what is established by the CV and the r? simultaneously. Performance was analyzed
as a variable in an experiment with 24 data, considering a randomized complete

Universidad Agraria del Ecuador, Guayaquil, block design with six treatments and four repetitions. The assumptions of normality,

Ecuador. independence and homoscedasticity of the residuals were checked; the ANOVA was
performed and the CV, r, was calculated, in addition to the repeatability index of the
trial. The apparent goodness of the experiment was demonstrated by obtaining a CV of
10.88%, well below the maximum limit given by the literature (30%), although the r2
barely presented a value of 0.47 far from the minimum limit of 0.60; which highlights
the importance of looking at CV alongside r> when examining the robustness of an
experimental result.

Suggested citation: va%lén.ez Luna, .F' C. Keywords: analysis of variance, experimental error, experimental unit, sums of
(2025). TImportance of joint interpretation of squares.

the coefficient of variation and determination
in agricultural trials: A case study with bean
yield. La Técnica, 15(2),97-102.DOI: https://
doi.org/10.33936/latecnica.v15i2.7320 Verificar la bondad de un experimento agricola en los modelos de andlisis de
varianza (ANOVA) unicamente a través del coeficiente de variacion (CV) de sus
variables puede inducir a tomar decisiones sobre ensayos poco precisos (error
1) o, incluso, llevar al extremo mas complicado de recomendar alternativas
que en la practica no tienen efectos significativos (error I). Un estadigrafo que
debe acompanar al CV para valorar dicha bondad y que no sea afectado por los
grados de libertad del error experimental como en este ltimo, es el coeficiente
de determinacion (r?). Ante esta situacion se propuso detallar demostrativamente
un ejemplo practico para incrementar el juicio de valor de un investigador al
momento de aceptar los resultados de un experimento, considerando para ello
lo establecido por el CV y el r> de manera simultanea. Se analiz6 el rendimiento
) como variable de un experimento con 24 datos, considerando un disefio de bloques
Received: February 25th, 2025 completos al azar con seis tratamientos y cuatro repeticiones. Se comprobaron los
Accepted: September 22nd, 2025 supuestos de normalidad, independencia y homocedasticidad de los residuos; se
Published: October 25th, 2025 realizo el ANOVA y se calculd el CV, 2 y el indice de repetitividad del ensayo.
Se demostro la aparente bondad del experimento al obtenerse un CV de 10,88%,
por debajo del limite maximo dado por la literatura (30%); no obstante, que el
r? apenas presentd un valor de 0,47 alejado del limite minimo de 0,60; lo cual
destaca la importancia de observar el CV junto al 1> cuando se examina la solidez

de un resultado experimental.

Resumen

Palabras clave: analisis de varianza, error experimental, sumas de cuadrados,
unidad experimental.
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Introduction

Assays are important decision-making tools in every
experimental research, specially when they call for a
methodological change that requires a higher investment
than what was initially planned for the production
process. In this context, experiments in agriculture
are not the exception, and these, most of the time, and
specially when they require external validation, serve
to recommend results to agriculture workers from an
area, so they adopt the suggested changes, for example,
implementing new seeds, a different dosage or fertilizer,
a new way of treating the soil, a complementary
application of organic nutrients, among others; the main
purpose being achieving higher profits.

Nonetheless, decision-making with regards to the
results from an experiment may have chance of
commitign error I, that is, ignoring a reality in which
all tests have a similar statistical effect (rejecting the
null hypothesis when it is true), therefore resulting in
a false positive; or error II, which refers to declaring
no significant differences between groups of treatments
when, in reality, they have different effects (accepting
the null hypothesis when it its false (Kuehl, 2001),
resulting in a false negative. The only way to avoid the
former is randomizing the treatment assignments to the
experimental unit or vice versa; meanwhile, the latter
may be avoided by increasing the number of repetitions
(Gutiérrez y De La Vara, 2008).

Error II is linked to experimental accuracy and it
occurs when the experimental error reachers a certain
value, and in that case, a common statistical tool such
as analysis of variance (ANOVA) does not dectect
significant differences between treatments, even if
they do exist (Vargas-Rojas et al., 2020). Nontheless,
the variance or mean square of the experimental error
(MSE) can be minimized by increasing the number of
replications, thereby achieving an apparent sensitivity in
the experiment to detect differences, illusorily reducing
even the effect of any possible systematic error that
may have been added to the experimental error, even
though the latter should be purely random (Cochran
and Cox, 1992).Most agricultural researchers use the
MSE to assess the soundness of their experiments
through the coefficient of variation (CV) (Nardino et al.,
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2020), even though there are critics of the use of the
latter due to its dependence on the means (Taylor et al.,
2008; Vasquez and Caballero, 2011). However, the CV
offers an approximate view of the degree of care with
which a trial has been conducted (Balzarini et al., 2011),
and values above 30% are considered an indication of
unreliable experiments (Mi¢i¢ and Bosanci¢, 2012;
Gordon-Mendoza and Camargo-Buitrago, 2015) when
their ANOVA models yield significant differences
among treatments. In this sense, increasing the number
of replications can cause the CV to decrease, even to
the point of declaring “significant” differences among
treatments that are impracticable in terms of profitability
and that do not even exceed the producer’s opportunity
costs (CIMMYT, 1988), especially when a CV lower
than 5% is recorded (Mic¢i¢ and Bosancic¢, 2012).

In a poorly managed experiment, a relatively high
number of replications will only mathematically
minimize the systematic error produced (which is not
part of the experimental error); nevertheless, this error
will remain present in the trial. Therefore, making a
decision under this circumstance can be risky. This
risk is insufficiently warned of by the CV because
this coefficient is calculated from the MSE, that is, a
value obtained from the division between the quadratic
residuals of the experimental error (SSE) of the data and
their corresponding degrees of freedom (Montgomery,
2004), which depend on the number of replications,
ultimately masking the real variability within each
treatment (intra-group variability) by presenting a
supposedly acceptable CV (less than 30%) (Gordon-
Mendoza and Camargo-Buitrago, 2015).

A statistic that must inevitably be observed in a
complementary manner to the CV in order to assess
the precision of an experiment and to detect the
aforementioned shortcomings is the coefficient of
determination (r?). This coefficient, unlike the CV, takes
into account the absolute variation of the data represented
by the sums of squares, indicating the proportion of
variability that is due to the factors of interest evaluated
within a given ANOVA model (explained variability)
with respect to the total variability (Montgomery et
al., 2006). In this sense, the r* of an ANOVA model,
which can range between 0 and 1, makes it possible to
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observe the absolute variation (unaffected by degrees of
freedom) that corresponds to the experimental error (1
— 1?) and to have greater certainty about the soundness
of an experiment when its value is > 0.7 (Gutiérrez and
De La Vara, 2008), or even if a lower limit such as 0.6 is
considered (Balzarini et al., 2011).

The coefficient of determination is one of the most widely
used measures of fit for linear models, whether they
pursue prospective or confirmatory objectives (Garcia,
2002). Comparatively, r? is more immutable than the CV
in the sense that its values are not relativized according
to sample size (Chicco et al., 2021), and its greater
informative capacity can be observed in the selection of
the levels (treatments) of the test factors in experiments
(Gutiérrez and De La Vara, 2008), especially those of
a quantitative nature such as fertilizers, since poorly
selected doses could lead to low explained variability,
resulting in unacceptable r? values (<0.6) (Balzarini
et al., 2011). In addition, one noteworthy aspect of r2
is its ability to remain unchanged even when certain
data transformations are applied to stabilize variances
(Bowman and Watson, 1997), thus constituting a
fundamental element when declaring significant effects

Therefore, the objective of this technical note is to
strengthen aresearcher’s value judgment when accepting
the results of an experiment, by simultaneously
considering what is established by the CV and r°..

Materials and methods

Yield data of canary bean (Phaseolus vulgaris L.),
adjusted to 12% moisture, were used from one of the
practice experiments conducted at the Experimental
Center “El Misionero” of the Universidad Agraria del
Ecuador(Table 1)inthe city of Milagro, Guayas Province.
The climatic conditions of the area are characterized by
a mean annual precipitation of 1,297 mm, a relative
humidity of 82%, an average temperature of 25.2 °C,
and a wind speed of 1.2 m-s™". The trial was carried out
as part of the practical component of the experimental
design course of the agronomy program, in which
increasing doses of the leachate from a vermiculture
process were evaluated (from 0 to 25 L-ha™' at intervals
of 5 L-ha™). The trial included six treatments, each with
four replications, under a randomized complete block
design. In order to ensure the statistical reliability of the
experiment, it was designed so that the experimental
error had a minimum of 12 degrees of freedom, in
accordance with the criterion proposed by Carballo and
Quiroga (1976).

Y latecnica@utm.edu.ec

Table 1. Yield data (kg-ha) of canary beans in Milagro, Ecuador
2024.

Treatment

Blocks TI T2 T3 T4 TS T6
Total
(0L-ha') (5L-ha') (10L-ha') (15L-ha') (20L-ha') (25L-ha’)

1 990.90 1241.4 1315.9 1368.9 1269.9 1080.6 7267.6

2 860.10 1181.0 1287.3 1148.6 1218.7 1109.5 6805.2

3 1350.2 971.0 1132.1 1311.2 1154.9 1027.3 6946.7

4 957.10 1103.1 1336.7 1222.9 1351.2 1184.5 71555

Total 41583 4496.5 5072.0 5051.6 4994.7 4401.9 28175.0
Standard 214,38 116.73 92.84 97.01 82.97 65.55

Deviation

Medias 1039,6 1124.1 1268.0 1262.9 1248.7 1100.5

With the information, the ANOVA was performed, after
verifying the fulfillment of the assumptions of normality
and homoscedasticity of the residuals through analytical
and graphical methods. At the same time, the CV, 12, and
the repeatability index (Ir) were obtained. These analyses
were carried out using the RStudio software (RStudio
Team, 2023).

Results and discussion

The residuals of the data practically met the assumptions
of normality, homoscedasticity, and independence
(Figure 1), all of which made it possible to validate the
results subsequently obtained through the ANOVA model
(Montgomery, 2004), even before the incidence of the
extreme value represented in treatment 1 of block 3
became evident through the boxplot, as well as through the
homoscedasticity and independence plots of the residuals.
The incidence of this single value did not alter the level of
significance (P > 0.05) revealed by the Shapiro—Wilk and
Levene tests, which respectively verified the fulfillment of
normality and homoscedasticity of the residuals (table 2).

Normality of residuals Homoscedacity of residuals

Sample quantiles
Residuals

Theorical quantiles Predicted value

Independence box of residuals Boxplot

Residuals
Observations

Index Treatment

Figure 1. Diagnostic plots for checking ANOVA
assumptions.
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Analytical tests for exploratory analysis of experimental data,
given the sample sizes typically handled in such studies, must
be applied in conjunction with graphical evaluations in order
to effectively verify the fulfillment of the assumptions of
normality and homoscedasticity of the residuals. In this case,
if only the analytical perspective is considered, the fulfillment
of normality and homoscedasticity of the data would have to
be taken for granted (table 2); however, the graphical analysis
made an extreme value among the data evident. Hence, a
certain preference is given to the latter in experiments, since
it makes it possible to observe whether such noncompliance
is supported by more than two outliers, which is the limit for
irreversibly restricting the use of parametric tests (Gutiérrez
and De La Vara, 2008).

Table 2. Analytical verification of the assumptions of normality
and homoscedasticity of yield data (kg-ha™) of canary bean in
Milagro, Ecuador, 2024.

Observed statistic P-value
Shapiro - Wilk 0.9543 0.3355
Levene' 1.4303 0.2610

!Centered on the mean.

The ANOVA of the data revealed non-significant differences
(0.090) among treatments (table 3) at the 5% probability
level. However, the differences could be declared significant
if a 10% error probability were taken as the threshold; a
different situation applies to the blocks, which revealed
a clear homogeneity of the field (P-value= 0.729). This
apparent certainty is supported by the CV of the data, as it
is below the maximum 30% recommended for agricultural
experiments (Balzarini et al., 2011). However, when the sums
of squares of the three sources of variation of the ANOVA are
examined, the greater variation presented by the experimental
error (53.3%) with respect to that of treatments and blocks
is noteworthy, evidencing a substantial load of “unknown”
variance that renders the trial insensitive and prevents it from
detecting significant differences.

Table 3. ANOVA of yield data (kg-ha™) of canary bean in
Milagro, Ecuador, 2024.

Sources of variation GL SC CM F P-value
Total 23 459498.52

Treatments 5 19311631  38623.26  2.366  0.090
Blocks 3 21486.95 7162.32 0.439  0.729
Experimental error 15 244895.26  16326.35

CV:10.88%,17: 0.47,1: 0.47.
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The magnitude of the experimental error indicated in table 3 is
fully highlighted when observing the coefficient of determination
of the trial, with a value lower than the minimum recommended
0.70 required to have confidence in what is resolved by an
experiment in terms of precision (Gutiérrez and De La Vara,
2008). Complementarily, this precision can also be observed
through the repeatability index (Ir) of the experiment, whose
value, being below 0.70, is likewise evidence of the lack of care
in the trial (Senar, 1999).

When observing the CV value, the trial would apparently be
considered to have good precision and uniformity, since this value
was lower than 20% (Ruiz-Ramirez, 2010; Mishra et al., 2023).
However, the variability shown by this indicator is somewhat
misleading when the 12 of the trial is examined simultaneously,
which reveals that the variation actually explained by the ANOVA
model is barely 47%; that is, an experiment that lacks reliability
(Balzarini et al., 2011) due to the substantial unknown absolute
variability that detracts from any result. At this point, it should be
noted that, among the various agricultural trials, experiments with
relatively high CV values do not necessarily imply the notable
presence of systematic error, since this coefficient depends on the
type of experiment and on the class of variable being evaluated
(Garcia et al., 2021); however, yield is a variable that commonly
presents normal residuals due to the internal control of the trials
(Yaguas, 2017).

One defective aspect masked by the CV in experiments is related
to the degrees of freedom of the experimental error (DFEE).
Its apparent soundness gains strength from approximately 12
to 14 DFEE, which constitute approximate lower limits from
which several authors (Mayor-Duran et al., 2012; Mishra et al.,
2023) justify the statistical power of tests such as ANOVA to
achieve experimental sensitivity. Even so, having an experiment
with a high number of DFEE makes it possible to conceal the
absolute magnitude of the experimental error through a reduction
of the CV, as has occurred in this experiment; this can even be
counterproductive from the standpoint of committing a Type I
error when the ANOVA manages to detect minimal statistical
differences among treatments that, in practical application, are
not convenient from the standpoint of profitability (Cumming,
2014; Martinez-Ezquerro et al., 2017), since the magnitude of
the increase in crop yield may not offset the additional costs,
which would instead reduce the economic profitability of the
process. Moreover, the excessive increase in replications beyond
what is necessary, in addition to generating expenses, does not
contribute to a substantial increase in precision either (Martinez-
Ezquerro et al., 2017); and, under the presence of non-random
error due to poor experimental management, the latter would
only be apparent precision.
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Conclusion

The validity of an experiment in terms of precision should not be
based exclusively on what the CV reveals, since this coefficient
may mask the true magnitude of the experimental error. For this
reason, it is necessary to consider other indicators, such as r?,
which make it possible to assess, in absolute and comprehensive
terms, the degree of reliability and robustness of a trial.
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