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Weed Science, 1990. Volume 38:452-458

Use of the Arcsine and Square Root Transformations for
Subjectively Determined Percentage Datal

WILLIAM H. AHRENS, DARRELL J. COX, and GIRISH BUDHWAR?

Abstract. The arcsine and square root transformations
were tested on 82 weed control data sets and 62 winter
wheat winter survival data sets to determine effects on
normality of the error terms, homogeneity of variance,
and additivity of the model. Transformations appeared to
correct deficiencies in these three parameters in the
majority of data sets, but had adverse effects in certain
other data sets. Performing the recommended transforma-
tion in conjunction with omitting treatments having
identical replicate observations provided a high percent-
age of correction of non-normality, heterogeneity of
variance, and nonadditivity. The arcsine transformation,
not generally recommended for data sets having values
from 0 to 20% or 80 to 100%, was as effective in
correcting non-normality, heterogeneity of variance, and
nonadditivity in these data sets as was the recommended
square root transformation. A majority of data sets
showed differences between transformed and nontrans-
formed data in mean separations determined using LSD
(0.05), although most of these differences were minor and
had little effect on interpretation of results.

Additional index words. Normality, homogeneity of vari-
ance, homoscedasticity, additivity.

INTRODUCTION

Researchers in weed science have made frequent use of
subjectively determined percentage data when evaluating
efficacy of herbicide treatments. Typically, weed control is
estimated visually along a scale from 0 = no control or injury
symptoms to 100 = complete necrosis of observable plant
parts. Percentage control data commonly are obtained in field
experiments in which the collection of objective measure-
ments such as weed height and weight of weed biomass is
judged to be either too time consuming or disruptive of
subsequent measurements to be taken on the plot. Subjective
evaluations also play a significant role in greenhouse weed
control experiments because certain components of control or
injury may be difficult to measure objectively but are
relatively easy to express using a visual estimate. Similarly,
researchers in allied disciplines such as entomology, plant
pathology, and plant breeding have employed various
subjective rating scales in estimating treatment effects.

IReceived for publication October 6, 1989 and in revised form May 21,
1990. Published with the approval of the Agric. Exp. Stn., North Dakota
State Univ., Fargo, ND, as J. Art. No. 1847.

2Asst. Prof. and Assoc. Prof., Crop and Weed Sci. Dep., North Dakota
State Univ., Fargo, ND 58105; Grad. Res. Asst,, Statistics Dep., North
Dakota State Univ., respectively.
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Validity of the inferences made from analysis of variance
relies upon additivity of treatment and environment (repli-
cate) effects, and error terms that are independent and
normally distributed with a common variance (12). Bartlett
(1), however, indicated that percentage data have error
variances that are a function of the mean and are not normally
distributed but instead are described by Poisson or binomial
distributions depending on whether the data occur over a
large portion of the percentage scale (binomial) or are
grouped primarily at either end (Poisson). A truly binomial
distribution will be transformed into a normal one by use of
the arcsine (angular) transformation, and a Poisson distribu-
tion is converted to normality by employing the square root
transformation (13). Hence, many authors (1, 9, 11, 13, 14)
have recommended transformation of percentage data sets
prior to analysis of variance in order to correct deficiencies in
normality and homogeneity of variance.

The perception that percentage data sets are in need of
transformation, particularly by arcsine, has grown in popular-
ity and practice in recent years. Yet many scientists in
disciplines using percentage data often have discovered that
transformations do not affect the results of analysis of
variance and do not alter data interpretation facilitated by
various mean separation procedures. Due to the extra work
required and potential difficulty of running statistical tests to
determine whether transformation is beneficial for particular
data sets, and given the questionable reliability of such tests
for most agricultural research data having low sample
numbers (8), it is desirable to be able to recommend the
routine use of transformation for all data sets meeting certain
criteria. Such recommendations, of course, require a confi-
dence that transformation will improve underlying statistical
parameters in a high percentage of cases. In this communica-
tion, we have tested the square root and arcsine transforma-
tions on actual sets of percentage data to determine whether
these transformations, when used as recommended, improve
homogeneity of variance, normality of the residual errors, and
additivity of treatment and environmental effects.

MATERIALS AND METHODS

Data sets involving visual estimates of percentage weed
control (0% = no control, 100% = complete control) and
percentage survival of winter wheat (0% complete
winterkill, 100% = complete winter survival) were randomly
selected from data representing several years of field research
and three independent research projects. All experiments were
arranged as randomized complete block designs. Weed
control experiments had four replications (except one which
had three replications) and winter wheat experiments had
either four (about 45% of experiments) or three (about 55%)
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WEED SCIENCE

replications. Data for the untreated check plots of weed
control experiments (routinely zeros) were removed prior to
use. Data sets were grouped into four classes with respect to
the distribution of raw data: 1) 0 to 20%, 2) 80 to 100%, 3)
greater than 40% spread between highest and lowest
percentages, and 4) less than 40% spread between highest and
lowest percentages. Five percent of datum points within any
given data set was allowed outside these limits. Rationale for
the classes was derived from Steel and Torrie (12) who stated
that percentages from 0 to 20% or from 80 to 100% should be
handled with the square root transformation and from Little
and Hills (9) who indicated that data should be transformed
by arcsine when the range in percentages exceeds 40%. The
total number of data sets compiled for each of the four classes
was 20 to 22 for weed control data and 20 to 21 for winter
wheat winter survival data. Raw and transformed data sets
were submitted to Bartlett’s test for homogeneity of variance
(2, 3), univariate analysis for testing normality of distribution
of the error terms (11), and Tukey’s test for nonadditivity of
the model (13). The square root transformation was carried

out by computing \X + 1/2 (1) for data ranging from 0 to

20% and (100-X) + 1/2 for data from 80 to 100% (12),
where X denotes original percentage datum values. The

arcsine transformation was done by computing arcsine X
).

Additional analysis was done on data sets containing one
or more treatments in which all replicates were the same
value. In nearly every case, the occurrence of identical
replicates involved either zeros or 100s. These treatments
were removed from their respective data sets, and univariate
analysis, Bartlett’s Test, and Tukey’s Test were again
conducted. Analysis of variance was performed on all weed
control experiments following removal of any nonvarying
treatments, and an LSD (0.05 level of significance) was
calculated and used for mean separation (5) on both
transformed and nontransformed data.

RESULTS AND DISCUSSION

A rigorous use of tests for homogeneity of variance
(homoscedasticity) and additivity relies upon a large sample
size (perhaps 25 or more replications per treatment) (7). The
experiments comprising this investigation had only four (in

Table 1. Percentage of weed control data sets showing deleterious test results (o
= 0.05) for homogeneity of variance, normality, and additivity prior to
transformation®,

some cases three) replications. Indeed, such low sample
numbers are common in agricultural research and this
undoubtedly has been a deterrent to use of such tests as
Bartlett’s and Tukey’s in identifying individual data sets
deficient in homoscedasticity and additivity. Although this
limitation applies to the study reported here, we believe that a
reasonable degree of validity of the conclusions from these
tests was achieved through the sampling of a relatively large
number of data sets (at least 20 per class).

A high percentage of the 82 weed control experiments
comprising this study were deficient in fulfilling the
assumptions underlying analysis of variance (Table 1).
Heterogeneity of variance appeared to be the most frequently
encountered problem in these raw data sets while nonadditiv-
ity seemed to occur with lowest frequency. Similar results
were observed with data on percentage winter survival of
winter wheat (Table 2). This may indicate a need for
significant concern as to the validity of inferences made from
analysis of variance on such data sets, in which effects are
estimated visually as a percentage.

The problem of variances differing among treatments is an
intuitive outcome for percentage estimates of weed control
and winter wheat winter survival. A herbicide treatment that
is highly efficacious on a certain species typically would
yield replicate observations varying by only a few percent-
ages around a mean in the mid-90s, while another treatment
having low efficacy on that species will vary quite widely
around a mean in the 30 to 70% range. High variability on
the less effective treatments may be a consequence of a
greater sensitivity to small changes in environment or may
relate to a greater difficulty in making control estimates in the
30 to 70% range. Similarly, a winter-hardy wheat genotype
may show excellent survival and low variability between
replicate plots while a less hardy genotype in the same
experiment will respond with mediocre survival and a
relatively high variability. In any case, when herbicide
treatments or genotypes within an experiment differ substanti-
ally in response as measured along a percentage scale,
heteroscedasticity can be expected.

Of primary concern in the use of data transformations is,
of course, the degree to which they are able to correct the
problems of non-normality, unequal variance, and nonadditiv-
ity. From a theoretical standpoint, a bimodal distribution
should be transformed into a normal distribution by the

Table 2. Percentage of winter wheat winter survival data sets showing
deleterious test results (o = 0.05) for homogeneity of variance, normality, and
additivity prior to transformation®.

Class of Heterogeneity Non- Non-
date set of variance  normality additivity Class of Heterogeneity Non- Non-

% data set of variance = normality additivity
0 to 20% 60 (12) 75 (15) 40 (8) %
80 to 100% 80 (16) 75 (15) 70 (14) 80 to 100% 86 (18) 100 (21) 76 (16)
>40% 86 (19) 50 (11) 23 (5) >40% 90 (19) 29 (6 52 (11)
<40% 75 (15) 70 (14) 55 (11) <40% 80 (16) 75 (15) 65 (13)

2Values in parentheses are the actual number of data sets.

Volume 38, Issue 4-5 (July-September) 1990

2Values in parentheses are the actual number of data sets.
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AHRENS ET AL.. TRANSFORMATIONS FOR PERCENTAGE DATA

Table 3. Effect of the arcsine and square root transformations on normality of weed control and winter wheat survival data sets testing non-normal (ot = 0.05) prior to
transformation®.

Square root transformation
Remained non-normal

Arcsine transformation
" Remained non-normal®

Non-normal Non-normal
Class of to Test statistic Test statistic to Test statistic Test statistic
data set normal® impto,ved‘i impaired normal improved impaired
%

Weed control:
0 to 20% 20 (3) 53 8 27 @) 27 @ 53 (8) 20 3)
80 to 100% 40 (6) 53 (8) 7@1) 40 (6) 53 (8) 7@
>40% 9 (1) 82 (9) 9 ()
<40% 50 (7) 43 (6) 7 (1)

Winter wheat survival: v
80 to 100% 14 (3 71 (15) 14 (3) 14 (3) 76 (16) 10 2)
>40% 50 (3) 50 (3) 0
<40% 47 (7) 53 8) 0

2Values represent the percentage of non-normal data sets that responded to transformation in the manner indicated. Values in parentheses are the actual number of
data sets.

bData sets that were non-normal before and normal after transformation.

®Data sets that were non-normal both before and after transformation.

YImprovement of the test statistic indicates a greater probability of acceptance of the null hypothesis (i.e., greater probability of a normal distribution).

arcsine transformation and, similarly, a Poisson distribution
should become normal by use of the square root transforma-
tion. To the extent that percentage data sets fit these
distributions, the appropriate transformation should correct
the problem, resulting in a valid analysis of variance. Tables
3, 4, and 5 show the percentage of non-normal, heteroscedas-
tic, and nonadditive data sets, respectively, that responded to
transformation in the three possible outcomes. The percentage
of non-normal data sets that become normal after transforma-
tion was 50% or less (Table 3). Similar degrees of

improvement generally were seen with heterogeneity of
variance (Table 4) and nonadditivity (Table 5). The highest
percentage of success (75%) by transformation in correcting
problem data sets involved the parameter of nonadditivity and
was observed when the 0 to 20% data class was transformed
by arcsine (Table 5). Interestingly, this occurred with a data
class reputed to be Poisson in distribution and thus would not
have been expected to respond quite so well to arcsine
transformation. In general, the 80 to 100% and 0 to 20% data
set classes responded as well to arcsine as they did to square

Table 4. Effect of the arcsine and square root transformations on homogeneity of variance of weed control and winter wheat survival data sets testing heteroscedastic
(o = 0.05) prior to transformation®,

Arcsine transformation Square root transformation

Remained heterogeneous

Remained heterogeneous®

Hetero- Hetero-

Class of geneous to Test statistic Test statistic geneous to Test statistic Test statistic

data set homogeneousb improved? impaired homogeneous improved impaired
%

Weed control:

0 to 20% 25 (3) 25 (3) 50 (6) 8 () 17 @) 75 ©9)
80 to 100% 13 (2) 62 (10) 25 @) 4 (7) 12 2) 4 (D
>40% 16 (3) 63 (12) 21 @) .. e Ce
<40% 40 (6) 60 (9) 0

Winter wheat survival:
80 to 100% 6 (1) 55 (10) 39 (7) 16 (3) 10 2) 74 (14)
>40% 58 (11) 31 (6) 11 2) Ce e e
<40% 38 (6) 50 (8) 12 2)

#Values represent the percentage of heteroscedastic data sets that responded to transformation in the manner indicated. Values in parentheses are the actual
number of data sets.

YData sets that were heteroscedastic before and homoscedastic after transformation.
Data sets that were heteroscedastic both before and after transformation.
dImprovent of the test statistic indicates a greater probability of acceptance of the null hypothesis (i.e., greater probability of a homogeneous variance).
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Table 5. Effect of the arcsine and square root transformations on additivity of weed control and winter wheat survival data sets testing nonadditive (& = 0.05) prior to

transformation®.
Arcsine transformation Square root transformation
Nonadditive Remained nonaddilive° Nonadditive Remained nonadditive
Class of to Test statistic Test statistic to Test statistic Test statistic
data set additive? improved‘l Impaired additive improved impaired
%

Weed control:

0 to 20% 75 (6) 25 (2) 0 62 (5) 38 (3) 0

80 to 100% 43 (6) 57 (8) 0 43 (6) 57 (8) 0

>40% 40 (2) 40 (2) 20 (1)

<40% 45 (5) 55 (6) 0
‘Winter wheat survival:

80 to 100% 50 (8) 44 (7 6 (1) 50 (8) 50 (8) 0

>40% 46 (5) 36 (4) 18 (2) . ce ..

<40% 38 (5) 54 (7) 8 (1)

#Values represent the percentage of nonadditive data sets that responded to transformation in the manner indicated. Values in parentheses are the actual number of

data sets.

YData sets that were nonadditive before and additive after transformation.

®Data sets that were nonadditive both before and after transformation.

dImprovement of the test statistic indicates a greater probability of acceptance of the null hypothesis (i.e., greater probability of additivity).

root transformation, suggesting that the underlying distribu-
tion of these data sets may not be classical Poisson.

In assessing the value of the arcsine and square root
transformations for subjectively derived percentage data,
movement in the direction of accepting the null hypotheses of
normality, homoscedasticity, and additivity may be viewed as
desirable. Among non-normal data sets that failed to become
normal after transformation, the vast majority responded to
transformation by improvement in the univariate analysis test
statistic (Table 3). Thus, the percentage of originally non-
normal data sets for which acceptance of the null hypothesis
of normality became less probable following transformation
was low (about 10% overall). Similar results were seen with
additivity (Table 5) where only about 5% of nonadditive data
sets showed a lower probability of acceptance of the null
hypothesis of additivity after transformation. However, a
greater percentage of heteroscedastic data sets responded with
a lower probability of homoscedasticity, particularly after

performing the square root transformation (Table 4). Variance
heterogeneity also emerged as a concem in the relatively high
percentages of homoscedastic data sets that became heter-
oscedastic following transformation (Table 6). Transforma-
tion only resulted in about 20% or fewer conversions of
normal or additive data sets to non-normal or nonadditive
data sets, respectively (Table 6). In fairness to conclusions
about variance homogeneity, however, it should be noted that
validity with Bartlett’s test requires a normally distributed
data set. Thus, a strict interpretation of Bartlett’s test should
involve only data sets testing normal by univariate analysis.
When this was done, the square root transformation still
seemed to be adversely affecting variance homogeneity in a
high percentage of heteroscedastic and homoscedastic data
sets (data not shown).

One of the features of weed control and winter wheat
winter survival data that could play an important role in the
problem of variance heterogeneity is the presence of

Table 6. Percentage of normal, homoscedastic, or additive data sets that responded to transformation by becoming non-normal, heteroscedastic, or nonadditive,

respectively (o = 0.05)%

Class of Type of
data set transformation Normality Homoscedasticity Additivity
%

Weed control:
0 to 20% Square root 20 (1) 50 (4) 8 (1)
80 to 100% Square root 0 0 0
0 to 20% Arcsine 20 (1) 62 (5) 17 2)
80 to 100% Arcsine 20 (1) 0 0
>40% Arcsine 9 (1) 33 (1) 6 (1)
<40% Arcsine 0 0 22 (2)

Winter wheat survival:
80 to 100% Square root 0 100 (2) 0
80 to 100% Arcsine 0 67 (2) 0
>40% Arcsine 0 0 10 (1)
<40% Arcsine 0 0 0

#Values in parentheses are the actual numbers of data sets.

Volume 38, Issue 4-5 (July—September) 1990
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AHRENS ET AL.. TRANSFORMATIONS FOR PERCENTAGE DATA

Table 7. Effect of transformation and omitting nonvarying treatments on the percentage of weed control data sets showing non-normality (o = 0.05)%.

Non-normality
Omit data Omit data
Class of Original Square Omit plus plus
data set data Arcsine root data? arcsine square root
%
0 to 20% 75 (15) 65 (13) 60 (12) 50 (10) 45 (9) 40 (8)
80 to 100% 75 (15) 45 (9) 50 (10) 40 (8) 20 4 10 2)
>40% 50 (11) 50 (11) .. 45 (10) 27 (6) R
<40% 70 (14) 35 (7) 60 (12) 25 (5)

of data sets.

30mitting of data involved nonvarying treatments in which all replicates had the same value (usually zeros or 100s). Values in parentheses are the actual number

bData were omitted from the following number of data sets: 14 from 0 to 20% class, 15 from 80 to 100% class, 8 from <40% class, and 9 from >40% class.

nonvarying treatments in which all replicates of a particular
treatment have the same value. When using a truncated scale
such as 0 to 100%, treatments having all zeros or all 100s
commonly are encountered, particularly in experiments
involving, for instance, highly effective herbicide treatments
or a mild winter causing little winter wheat stand losses. The
presence of a few or more such treatments would be expected
to cause variance heterogeneity because these treatments
represent the extreme of zero variance.

The percentage of non-normal data sets in each of the four
data classes generally was decreased either by omitting
nonvarying treatments or by transformation (Table 7). Several
instances in Tables 7 to 9, however, show that transformation
or omitting nonvarying treatments had little or no effect in
reducing the percentage of data sets having problems,
particularly with heteroscedasticity and nonadditivity. In
other cases (Tables 8 and 9), transformation reduced the
percentage of heteroscedastic and nonadditive data sets while
removal of nonvarying treatments did not. The greatest
reduction in percentage of problem data sets was achieved
when both operations were performed (Tables 7 to 9). Thus it
appears that removal of nonvarying treatments may not
always improve problem data sets by itself but may be
beneficial in promoting a favorable response to transforma-

tion, especially where data sets are heteroscedastic or
nonadditive.

Using transformation to correct problems affecting analy-
sis of variance may be of limited interest to most researchers
unless it can be demonstrated that such corrections result in
effects on mean separations and, therefore, on final conclu-
sions drawn from the data. Geng et al. (7) found that the F-
test of analysis of variance was scarcely affected by non-
normality and heterogeneity of variance, and concluded that
testing for these parameters prior to analysis of variance is
unnecessary. Their experiments were conducted on data sets
generated by computer, given a selected set of means,
variances, sample sizes, and population distributions. In
experiments involving insect control treatments, Beall (4)
reported that transformation resulted in a substantial differ-
ence in interpretation of the data. Similarly, in our study
involving data sets from actual weed control experiments
conducted in the field, application of a protected LSD
following analysis of variance yielded mean separations that
were different between transformed and nontransformed data
in the majority of cases (Table 10), particularly when
considering only data sets having a significant F-test. (See
footnote b, Table 10.) In one of the 82 weed control data sets,
transformation produced a significant F-test while nontrans-

Table 8. Effect of transformation and omitting nonvarying treatments on the percentage of weed control data sets showing heterogeneity of variance (o = 0.05)2,

Heterogeneity of variance

Omit data Omit data
Class of Original Square Omit plus plus
data set data Arcsine root data® arcsine square root
%
0 to 20% 60 (12) 70 (14) 75 (15) 30 (6) 20 4 15 3)
80 to 100% 80 (16) 70 (14) 45 9) 75 (15) 30 (6) 35
>40% 86 (19) 77 (17) ce 82 (18) 55 (12) R
<40% 75 (15) 45 (9) 75 (15) 20 (4) .
, ;?t:ntung of data involved nonvarying treatments in which all replicates had the same value (usually zeros or 100s). Values in parentheses are the actual number
v sets.
bSee footnote b in Table 7.
456
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Table 9. Effect of transformation and omitting nonvarying treatments on the percentage of weed control data sets showing nonadditivity (o = 0.05)%

Nonadditivity
Omit data Omit data
Class of Original Square Omit plus plus
data set data Arcsine root data® arcsine square root
%
0 to 20% 40 (8 20 4) 20 4 35 () 20 (4) 10 (2)
80 to 100% 70 (14) 40 (8) 40 (8) 70 (14) 20 4) 25 (5)
>40% 23 (5) 18 (4) .. 23 (5) 18 (4) ce
<40% 55 (11) 40 (8) 50 (10) 25 (5)

2Omitting of data involved nonvarying treatments in which all replicates had the same value (usually zeros or 100s). Values in parentheses are the actual number

of data sets.
bSee footnote b in Table 7.

formed data had a nonsignificant F-test (o = 0.05); the
converse was not observed. Although mean separations often
were different between transformed and nontransformed data,
the majority of these differences would be considered minor
and would not appreciably affect interpretation of the results
(data not shown).

Transformation produced mean separation differences in
several cases where there was no change in the outcome of
the test for normality (Table 10). This could be considered an
undesirable result since failure to alter the underlying
distribution theoretically should give rise to identical mean
separations. However, we note that in many of these cases
where mean separations were different while the distribution
remained unchanged, transformation resulted in an improved
normality test statistic or an improved test statistic for
Bartlett’s and Tukey’s tests (data not shown).

Failure of subjectively determined percentage data to
satisfy the assumptions underlying analysis of variance
appears prevalent in weed control and winter wheat winter
survival data. The arcsine and square root transformations
corrected problems of non-normality, variance heterogeneity,
and nonadditivity in a fairly high percentage of data sets,
although in other data sets these parameters were impaired by
transformation. Omitting nonvarying treatments appears to

offer a potential for substantial improvement in the three
statistical parameters, either directly or by facilitating a
favorable response to transformation. The ramifications of
nonvarying treatments may suggest the use of a continuous
percentage scale in evaluating weed control and winter wheat
winter survival. Use of a discontinuous scale such as a 5%
interval (i.e., 70%, 75%, 80%, etc.) may tend to increase the
frequency of nonvarying treatments involving values other
than 0 and 100%. Transformation gave rise to different mean
separations for a majority of data sets, thus potentially
affecting the final conclusions of the experiment. The square
root transformation appears useful for data sets in which
values fall between 0 and 20% or 80 and 100%, although our
results show the arcsine transformation to be about as
effective for these data classes. For data distributed outside
the 20% extremes of the percentage scale, the arcsine
transformation appears to be reasonably effective and may be
advisable for the <40% data sets as well as those having
values ranging beyond 40 percentage points.

In general, the findings of this study lend support to use of
the arcsine and square root transformations for percentage
data in weed science and related disciplines, providing that
nonvarying treatments are omitted prior to analysis of
variance. Use of data transformations however, should not be

Table 10. Percentage of weed control data sets for which transformation yielded mean separations that were different from those obtained prior to transformation®,

Arcsine transformation®

Square root transformation

Non-normal Non-normal
Class of Remained to Remained Remained to Remained
data set? non-normal normal normal non-normal normal normal

%

0 to 20% 15 (3) 10 ) 25 (5) 15 (3) 15 3) 25 (5)
80 to 100% 10 (2) 25 (5) 25 (5) 51 25 (5) 25 (5)
<40% 25 (5) 35 (N 30 (6) R RN Ce
>40% 27 (6) 18 4 36 (8)

#Nonvarying treatments were removed from data sets where applicable. Mean separations were done using protected LSD (o= 0.05). Values in parentheses are

the actual number of data sets.

bThe percentage of data sets with a nonsignificant F-test on transformed data was as follows: 0 to 20% class, 30%; 80 to 100% class, 35%; <40% class, 0%; >40%

class, 0%.

®“Remained non-normal”, “non-normal to normal”, and “remained normal” refer to possible responses of the data sets to transformation.
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AHRENS ET AL.:. TRANSFORMATIONS FOR PERCENTAGE DATA

considered necessary or remedial for all percentage data sets.
Yet, to the extent that these data sets fail to meet the
assumptions underlying analysis of variance, nonparametric
statistics also should be considered (10).

Authors choosing to use data transformations inevitably
must decide whether or not to display transformed data in
publications. Presentation of transformed or ‘“back-trans-
formed” data seems generally acceptable (9, 12). Back
transformations are computed by performing the inverse
transformation on transformed means (9). Presentation of
transformed data likely will not be preferred by authors in
weed science and related disciplines since transformation
drastically changes the absolute value of the data, causing
difficulty for most readers in understanding experimental
results. Back-transformed means are relatively similar to
actual (i.e., nontransformed) means in absolute value, yet
authors still may find these back-transformed means undesira-
ble given the biological significance of original data values.
We propose that means of original data be allowable for
presentation in publications in cases where these actual
observed means contain essential information not fully
conveyed by back-transformed means. Authors must identify
the type of means being presented.

Mean differences must be determined on transformed
means using LSD, Duncan’s New Multiple Range Test (6), or
other suitable procedures. Mean differences can then be
indicated by placing letters after displayed means such that
any two means followed by the same letter are not
significantly different.

Transformation can cause difficulty in data interpretation
when two identical means in the nontransformed data become
different in the transformed data. Worse yet, mean “A” may
be higher than mean “B” in the nontransformed data but be
lower than mean “B” in the transformed data. When
transformation of data reverses the relative ranking of two
means, presenting original data creates a dilemma in
assigning the letters indicating mean difference separations.
Presentation of back-transformed means alleviates this
dilemma but does not affect reversals in relative ranking. A

458

reasoned approach to use of the arcsine and square root
transformations for percentage data must acknowledge the
limitations of their use as well as the potential benefit.

ACKNOWLEDGMENTS

The authors thank Drs. Robert B. Carlson and James J.
Hammond for helpful discussions in developing the ideas and
direction of this investigation.

LITERATURE CITED

1. Bartlett, M. S. 1936. The square root transformation in analysis of
variance. J. R. Stat. Soc. Suppl. 3:68-78.

2. Bartlett, M. S. 1937. Properties of sufficiency and statistical tests. Proc.
R. Soc. A160:268-282.

3. Bartlett, M. S. 1937. Some examples of statistical methods of research
in agriculture and applied biology. J. R. Stat. Soc. Suppl. 4:137-183.

4. Beall, G. 1942. The transformation of data from entomological field
experiments so that the anmalysis of variance becomes applicable.
Biometrika 32:243-262.

5. Carmer, S. G. and M. R. Swanson. 1971. Detection of differences
between means: a Monte Carlo study of five pairwise multiple
comparison procedures. Agron. J. 63:940-945.

6. Duncan, D. B. 1955. Multiple range and multiple F tests. Biometrics
11:1-42.

7. Geng, S., P. Schneeman, and W. J. Wang. 1982. An empirical study of
the robustness of analysis of variance procedures in the presence of
commonly encountered data problems. Am. J. Enol. Vitic. 33:131-134.

8. Geng, S., W. J. Wang, and C. C. Miller. 1979. Small sample size
comparisons of tests for homogeneity of variance by Monte Carlo.
Commun. Stat. Simul. Comput. B8:379-389.

9. Little, T. M. and F. J. Hills. 1978. Agricultural Experimentation,
Design and Analysis. John Wiley & Sons, New York.

10. Pratt, J. W. and J. D. Gibbons. 1981. Concepts of Nonparametric
Theory. Springer-Verlag, New York.

11. SAS Institute. 1985. SAS User’s Guide: Statistics. SAS Inst., Cary, NC.

12. Steel, R.G.D. and J. H. Torrie. 1960. Principles and Procedures of
Statistics. McGraw-Hill Book Co., New York.

13. Tukey, J. W. 1949. One degree of freedom for non-additivity.
Biometrics 5:232-242.

14. Zar, J. H. 1984. Biostatistical Analysis. 2nd ed. Prentice-Hall, Inc.,
Englewood Cliffs, NJ.

Volume 38, Issue 4-5 (July—September) 1990

This content downloaded from 193.63.252.9 on Thu, 01 Aug 2019 13:16:10 UTC
All use subject to https://about.jstor.org/terms



	Contents
	452
	453
	454
	455
	456
	457
	458

	Issue Table of Contents
	Weed Science, Vol. 38, No. 4/5 (Jul. - Sep., 1990), pp. 331-458
	Front Matter
	Physiology, Chemistry, and Biochemistry
	Moisture Stress Effects on the Absorption, Translocation, and Metabolism of Haloxyfop in Johnsongrass (Sorghum halepense) and Large Crabgrass (Digitaria sanguinalis) [pp. 331-337]

	Weed Biology and Ecology
	Redroot Pigweed (Amaranthus retroflexus) and Barnyardgrass (Echinochloa crus-galli) Interference in Potatoes (Solanum tuberosum) [pp. 338-343]
	Competitive Mechanisms of Common Cocklebur (Xanthium strumarium) and Soybean (Glycine max) during Seedling Growth [pp. 344-350]
	Effects of Density and Species Proportion on Competition between Spurred Anoda (Anoda cristata) and Velvetleaf (Abutilon theophrasti) [pp. 351-357]
	Common Lambsquarters (Chenopodium album) Competition and Time of Removal in Soybeans (Glycine max) [pp. 358-364]
	Effects of Day and Night Temperature on Vegetative Growth of Texas Panicum (Panicum texanum) [pp. 365-373]
	Texas Panicum (Panicum texanum) Growth as Affected by Irrigation Management and Planting Date [pp. 374-378]
	The Effects of Supplemental Nitrogen on Shoot Production and Root Bud Dormancy of Canada Thistle (Cirsium arvense) under Field Conditions [pp. 379-384]
	Eastern Black Nightshade (Solanum ptycanthum) Interference in Processing Tomato (Lycopersicon esculentum) [pp. 385-388]

	Weed Control and Herbicide Technology
	Postemergence Control of Weeds in Winter Rapeseed, Brassica napus, with DPX-A7881 [pp. 389-395]
	Green Foxtail (Setaria viridis) Competition in Potato (Solanum tuberosum) [pp. 396-400]
	Emergence and Growth of Sicklepod (Cassia obtusifolia) with Various Planting and Herbicide Incorporation Depths [pp. 401-405]
	Droplet Makeup and the Effect on Phytotoxicity of Glyphosate in Velvetleaf (Abutilon theophrasti) [pp. 406-410]

	Soil, Air and Water
	Dissipation of Flurtamone in Three Georgia Soils [pp. 411-415]
	Transformation of Alachlor by Microbial Communities [pp. 416-420]
	Degradation and Field Persistence of Imazethapyr [pp. 421-428]

	Special Topics
	High-Temperature Effects on Germination and Survival of Weed Seeds in Soil [pp. 429-435]
	Bioeconomic Weed Management Models for Sugarbeet (Beta vulgaris) Production [pp. 436-444]
	Validation of Four Bioeconomic Weed Management Models for Sugarbeet (Beta vulgaris) Production [pp. 445-451]
	Use of the Arcsine and Square Root Transformations for Subjectively Determined Percentage Data [pp. 452-458]

	Back Matter



