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ABSTRACT: Several studies have compared the
feeding of genetically modified (GM) grains and conven-
tional grains to poultry. The general conclusion has
been that there were no significant differences detected
in the biological performance of the birds (i.e., the grains
were bioequivalent). However, the question has been
posed whether the experimental designs used in the
studies had sufficient statistical power to detect treat-
ment differences. The power of tests can be used to
determine the ability of an experimental design to de-
tect treatment differences. The definition of statistical
power is the probability of rejecting the null hypothesis
when it is false and should be rejected. The complement
of statistical power is the Type II error (β). That is,
accepting the null hypothesis that there is no difference
in treatments when there is one. A priori power analysis
can indicate the probability at which the sampling regi-
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Introduction

Several studies have been conducted involving the
comparison of feeding genetically modified (GM)
grains with conventional grains to poultry. The gen-
eral conclusion has been that there were no significant
differences in the biological performance of the birds,
implying that the GM grains are bioequivalent with
the non-GM grains (Table 1). However, the question
has been proposed whether the statistical designs used
in the studies had sufficient statistical power to detect
biologically important differences.

Researchers typically design experiments to deter-
mine if differences between experimental treatments
exist. The statistical difference between treatments is
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men or experiment can actually detect an effect if a
difference exists. Post hoc power analysis indicates the
sufficiency or the sample size needed for an experiment
that has already been conducted. In the current study,
the power of tests for experiments published in the
literature where significant and nonsignificant differ-
ences were reported between control birds and birds
fed new feed grains was examined. With some excep-
tions, the power of tests is rarely formally considered
or mentioned in poultry research. The results of the
survey of the literature showed, in general, low power
of statistical tests for feeding experiments involving
non-GM grains or in those cases when GM and non-GM
grains were compared in poultry feeding experiments.
These results suggest that care needs to be taken when
designing experiments for bioequivalence of grains fed
to poultry.

tested with the null hypothesis that there is no differ-
ence between treatments. The researchers test the null
hypothesis and typically set a significance level for the
test (α) at a predetermined level, usually 0.05. The
significance level of the test measures the probability
of making a Type I error. A Type I error is the rejection
of a true null hypothesis (Steel et al., 1997).

Poultry, compared with other agricultural and com-
panion species, have an advantage as experimental
subjects. Generally, poultry are small in size, rela-
tively docile, available in large numbers, and they have
a short production cycle. Despite these advantages,
sampling for poultry studies is still subject to the avail-
ability of facilities, availability of animals, ethical con-
siderations, limited budgets, convenience, and tradi-
tion. With some exceptions (e.g., Hammond et al.,
1996; Hall et al., 2003), researchers conducting poultry
studies have not mentioned the consideration of the
analysis of power of statistical research designs. Sta-
tistical power analysis shows whether an experiment
is capable of detecting differences in the treatment
mean values for given level of α. Formally, statistical
power is defined as the probability of rejecting the
null hypothesis when it is false and should be rejected
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Table 1. Reported effects of genetically modified grains in comparison with conventional feeds fed to broilers and
laying hens (modified from OECD, 2003)

Poultry Graina Effects noted

Broilers and laying hensb Bt-maize No significant effects on production measurements or ME content
Laying hensc Bt-maize No significant effects on nutrient digestibility or AMEN.k Egg production not

examined
Broilersd Bt-maize No significant differences in live weight gain or survival. Feed:gain significantly

improved for Bt
Broilerse Bt-maize No significant differences in performance measurements compared with near

isogenic parent lines
Broilersf Bt-maize No significant differences in live weight gain, DMI or feed:gain ratio
Broilersg Herbicide tolerant No significant differences live weight gain, DMI, feed:gain ratio, or survival

maize, Bt maize
Broilersh Bt-soybean meal No significant differences in growth, feed:gain ratio, carcass weight or breast meat
Broilersi Bt-maize No significant differences in weight gain or feed:gain ratio and true ME values
Broilersj Herbicide tolerant maize No significant differences in live weight gain, feed:gain and fat pad weights

aBt = Bacillus thuringiensis.
bAeschbacher et al., 2001.
cAulrich et al., 1998.
dBrake and Vlachos, 1998.
eGaines et al., 2001.
fHalle et al., 1999.
gHammond et al., 1996.
hKan et al., 2001.
iMireles et al., 2000.
jSidhu et al., 2000.
kAMEN = Nitrogen-corrected apparent ME.

(Table 2). The power of a statistical test is calculated
as 1-β, where β is the probability of making a Type II
error. A Type II error is accepting a null hypothesis
that is false (Steel et al., 1997).

If the test shows that a significant difference at the
predetermined level of α is present, then usually there
is no need to further consider the statistical power of
the study (Sheppard, 1999). However, if no significant
differences are detected, then a post hoc statistical
power analysis may be conducted. It could mean that
there is actually no difference or that the sample size
was insufficient to detect a treatment difference. Re-
searchers are occasionally tempted to report numeri-
cal (but statistically nonsignificant treatment) differ-
ences, a practice that is discouraged in journals such
as Poultry Science. The question then arises as to
whether detection of significant differences in the
means would have been made had there been enough
replications in the experiment.

Traditionally, scientists avoid committing Type I (α)
rather than Type II (β) statistical errors. That is, they
want to avoid the conclusion that there is a difference
in treatments, when a treatment difference does not
exist (Type I error). With some studies, however, it

Table 2. Probability errors and conclusions

Item Reality Conclusion

Confidence level (1-α) No difference No difference
Type I error (α) No difference Difference
Type II error (β) Difference No difference
Power (1-β) Difference Difference

may be important to avoid errors at the other extreme.
That is, a change is made in the perspective of the
hypothesis from a no-difference null hypothesis (Ho:
µ1 = µ2) to a nonequivalence null hypothesis (Ho: µ1
≠ µ2; Hoenig and Heisey, 2001). For example, when
feeding animals GM grains, it may be more desirable
to have no differences in biological responses. Type II
statistical errors may occur when sample sizes are too
small to show an effect. An a priori power analysis
can be used to show the sample size and probability
at which the statistical design would show a difference.
It should be pointed out that, ideally, the appropriate
use of power analysis is made during the planning
stage of the experiment. It is inappropriate to use post
hoc power analysis on observations in an effort to jus-
tify conclusions about the responses (Lenth, 2001). As
an alternative, Hoenig and Heisey (2001) recommend
the use of confidence intervals for interpreting incon-
clusive experiments. In this paper, the power analysis
was used to gain insight into the capability of pub-
lished research on grain comparisons to detect treat-
ment differences.

A key component of power analysis is the effect size.
Thomas and Krebs (1997) point out that effect size is
the difference between the null and alternative
hypotheses, and can be measured by using raw or stan-
dardized values. An example of a raw measure is the
difference between means. Alternatively, standard-
ized measures as shown in Table 3 are dimensionless
and incorporate the sampling variance.

Cohen (1962) was the first to conduct a systematic
literature survey of statistical power analysis in the
behavioral sciences. For survey purposes, Cohen
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Table 3. Population parameters defining the levels of size
of effect for various statistical tests (Cohen, 1962; Fox and
Mathers, 1997)

Test Formulaa

t-test (µa-µb)/σ
F-test σ of means/pooled σ

Correlation (Pearson) r
Multiple regression 1/(R2/1-R2)

aµa = mean of treatment a; µb = mean of treatment b; σ = standard
deviation.

(1962) suggested using standardized (unit-free) effect
size calculations for various statistical tests (Table 3).
He suggested calculating and categorizing the effects
into small, medium, and large effects based on treat-
ment number, total sample size, and probability level.
Since Cohen’s (1962) initial survey, several other liter-
ature surveys, including Rossi (1990) and Fox and
Mathers (1997), have been conducted in the behavioral
and medical sciences to determine the adequacy of the
statistical power to detect differences in treatments.
The surveys have shown that the power of statistics
in research is, generally, insufficient to comfortably
accept the null hypothesis.

It is conventional to set 80% as the target value for
statistical power (Fox and Mathers, 1997). That is,
unless the statistical design of a study has a power of
at least 80%, and if the treatments are not significant
at the α = 0.05 level, then the results must be consid-
ered inconclusive (Lalouel and Rohrwasser, 2002).

This paper describes a survey of the power of tests
in poultry-feeding research, including investigations
with birds that were fed GM and non-GM feed grains.
The intention of this paper is to suggest that statistical
power analysis is a planning tool that may aid poultry
researchers to enhance the credibility of feed grain
comparisons and GM bioequivalence studies.

Methods and Procedures

Examination was made of the statistical power of
recent poultry-feeding experiments that compared
bird response to different non-GM feed grains, or the
comparison of bird responses to GM and non-GM feed
grains in poultry feeding experiments.

Survey Procedure

Examination was made of research comparing feed
ingredients, including GM grains, to poultry. The ob-
jective was to estimate the power of experiments to
detect effect sizes of 0.1, 0.4, and 0.8. A sample of 37
papers from 1995 to 2003 was analyzed for the relative
power of tests using previous surveys as a guideline
(Table 4). The treatments were determined for each
experiment or trial. Only the tests (i.e., t-test, F-test
or regression) designated by the authors were used for

Table 4. Distribution of the power of 37 poultry ingredi-
ent feeding studies according to population effect size
calculated with G*Power (α = 0.05)a

Effect size

Power 0.1 0.4 0.8

0.99 15
0.95–0.98 3
0.90–0.94 1 6
0.80–0.89 2 3
0.70–0.79 3 5
0.60–0.69 4 3
0.50–0.59 5 0
0.40–0.49 5 1
0.30–0.39 1 7 1
0.20–0.29 6
0.10–0.19 7 4
0.05–0.09 29

n 37 37 37
Mean 0.08 0.47 0.88
Median 0.07 0.47 0.96
Mode 0.08 0.69 1.00
σ 0.04 0.22 0.16
Q1b 0.06 0.30 0.82
Q3b 0.08 0.69 1.00

aBased on the following studies: Ali and Leeson (1995); Hammond
et al. (1996); Ravindran et al. (1996a,b); Parsons et al. (1997); Rosen-
feld et al. (1997); Wang and Parsons (1997); Brake and Vlachos (1998);
Leeson (1998); Scott et al. (1998); Benitez et al. (1999); Del Carmen
et al. (1999); Donkoh et al. (1999); Douglas et al. (1999); Fernandez
et al. (1999); Slominski et al. (1999); Boling et al. (2000); Douglas
and Parsons (2000); Gonzalez-Esquerra and Leeson (2000); Li et al.
(2000); Mireles et al. (2000); Perez et al. (2000); Sidhu et al. (2000);
Taylor et al. (2000a,b; 2003a,b); Aulrich et al. (2001); Gaines et al.
(2001); Lee et al. (2001); Novak and Scheideler (2001); Piva et al.
(2001); Bennett et al. (2002); Humphrey et al. (2002); Sterling et
al. (2002); Svihus and Gullord (2002); Batal and Parsons (2003);
Brake et al. (2003); and Daghir et al. (2003).

bQ1 and Q3 represent the 1st and 3rd quartiles of the frequency
distribution, respectively.

the analysis. Total observations or samples depending
on the test were determined. The total sample size in
this survey is defined as the number of observations
summed over all of the treatment groups of the design.
Statistical power was calculated based on the type of
test. The power reported is an average for each paper.
This allowed each paper to count equally in the survey.
Descriptive statistics for the power survey, such as
means, modes, and medians, were calculated in an
MS Excel spreadsheet based on the collected data. A
subset of 15 of the 37 representing GM and non-GM
feed grain comparison experiments was examined for
their power according to the three levels of effect size
(Table 5).

Standard Conditions

The α = 0.05 Type I error was used as a standard
condition throughout the survey. That is, the null hy-
pothesis in the studies is considered a no-difference
null hypothesis (Ho: µ1 = µ2). Following the reasoning
of Cohen (1962), the nondirectional version of the null
hypothesis (two-tailed distribution) was used. The cal-
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Table 5. Distribution of the power of 15 poultry studies
related to the feeding of genetically modified grains ac-
cording to population effect size calculated with G*Power
(α = 0.5)a

Effect size

Power 0.1 0.4 0.8

0.99– 9
0.95–0.98 1
0.90–0.94 1
0.80–0.89 1 0
0.70–0.79 1 4
0.60–0.69 4
0.50–0.59 3
0.40–0.49 1
0.30–0.39 1
0.20–0.29 4
0.10–0.19 1
0.05–0.09 14

n 15 15 15
Mean 0.07 0.52 0.92
Median 0.07 0.56 1.00
Mode 0.08 0.69 1.00
σ 0.01 0.21 0.12
Q1b 0.06 0.30 0.82
Q3b 0.08 0.69 1.00

a Hammond et al. (1996); Brake and Vlachos (1998); Leeson (1998);
Slominski et al. (1999); Mireles et al. (2000); Sidhu et al. (2000);
Taylor et al. (2000a,b; 2003a,b); Aulrich et al. (2001); Gaines et al.
(2001); Piva et al. (2001); Humphrey et al. (2002); and Brake et al.
(2003).

bQ1 and Q3 represent the 1st and 3rd quartiles of the frequency
distribution, respectively.

culation of the power of tests was conducted with
G*Power, a freeware program. Buchner et al. (1997)
provide a downloadable version of the G*Power pro-
gram with supporting documents.

Effect Size

Cohen (1962) suggested an arbitrary classification
of tests according to small, medium, and large effects.
Sheppard (1999) pointed out that the meaning of
small, medium, and large are likely to differ between
disciplines and may not directly correspond to a per-
ceived degree of importance for the variable(s) of inter-
est. The levels determined by Cohen (1988) for social
sciences may not easily correspond to a contaminant
level for example. With this in mind, the calculated
power levels in this paper are reported for effect sizes
of 0.1, 0.4, and 0.8. These effect sizes might be roughly
thought of as small, medium and large. The effect sizes
were calculated according to the statistical test (i.e.,
t-test, F-test or regression) employed in the respective
papers. Table 3 shows the calculation of the effect size
for various statistical tests according to Cohen (1962).

Results and Discussion

The descriptive statistics and dispersal of the papers
for the power values according to the effect sizes for

the non-GM grain and GM grain studies are shown in
Tables 4 and 5, respectively. On average, the surveyed
studies had less than one chance in 12 or 13 of de-
tecting a small effect (0.1). None of the studies had as
much as a 50% chance of detecting a slight effect. For
a medium effect size (0.4), the studies averaged less
than a 50% chance of successfully rejecting a null hy-
pothesis for ingredient studies, and approximately a
50% probability for the subset of GM grain feeding
studies. Large size effects (0.8) needed fewer samples
for detection than small effects. When the effect size
was large, the power of the studies met and exceeded
the minimum of 80% power that is considered a
standard.

Table 6 shows post hoc power test calculations of
selected production and carcass measurements from
the literature for laying hens and broilers. The stan-
dardized effect sizes were calculated from the standard
deviation of treatment means and the pooled standard
deviation. For 17 of the 19 variables measured, the
power of the test was considerably below the conven-
tional power level of 0.8. Exceptions are noted for the
grain energy level evaluations for both broilers and
layers. The average effect size for variables, not includ-
ing the energy values, was 0.28 ± 0.14, and with the
energy values, the average effect size was 0.40 ± 0.39.
The average power for the variables measured, not
including energy values, was 0.24 ± 0.15. When the
energy power values were included, the average power
size was 0.31 ± 0.26. These effect sizes and powers
provide the researcher a sense of the magnitude for
these values found in the literature. The generally
small power values for these effect sizes suggest the
sample sizes are low. (In many cases, and in the discus-
sion that follows, sample size and number of experi-
mental units can be used interchangeably.) Subse-
quently, an a priori test was conducted to examine the
sample size that would be required to produce a power
of 80% (Table 7). The results illustrate the dilemma
in determining sample size. For some variables, such
as digestibility of CP and energy levels, the required
sample size might be considered reasonable. For other
physiological variables, the sample size would proba-
bly be considered quite unreasonable (e.g., 1,890 and
2,480 total samples for feed conversion and thigh per-
cent, respectively).

As an alternative, a “compromise” option is available
in G*Power (Erdfelder, 1984), which is based on a
balance between Type I (α) and Type II (β) errors. In
the compromise approach, the researcher specifies the
size of effect to be detected, the sample size that seems
reasonable, and the error ratio that defines the relative
seriousness of both types of error. Given this, an opti-
mal critical value for the test statistic and the associ-
ated α and β values are computed. An illustration of
the compromise option is shown in Table 8. The calcu-
lation of power was based on an arbitrary sample size
of 120 (60 observations for each grain treatment) and
an equal ratio between α and β (i.e., ratio = 1). The
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Table 6. Post hoc power test calculation of selected measurements from the literature for
laying hens and broilers (F-test, α = 0.05). Power was calculated with G*Powera

Measurement σ of means Pooled σ Effect sizea Power

Laying hens

Hen day egg production, %c 1.26 4.68 0.27 0.12
Feed intake, g�bird−1�d−1c 0.90 2.58 0.35 0.17
Feed conversion, g of feed/g of eggb 0.02 0.31 0.06 0.05
Digestibility of CP, %b 0.40 1.05 0.38 0.22
AMEN, MJ/kg of DMbe 0.22 0.13 1.76 1.00
Egg weight, gc 0.68 1.54 0.44 0.25
Haugh unitsc 1.94 4.87 0.40 0.21
Yolk color (Roche)c 0.12 0.35 0.35 0.17

Broilers

Body weight, gd 41.1 260.8 0.16 0.15
Feed conversion, g/gb 0.01 0.05 0.20 0.10
Digestibility of CP, %b 0.95 1.50 0.63 0.50
AMEN, MJ/kg of DM2 0.26 0.24 1.06 0.91
Dressed carcass, %d 0.35 1.44 0.24 0.31
Fat pad, %d 0.19 0.55 0.35 0.61
Drums, %d 0.12 0.67 0.18 0.19
Thighs, %d 0.06 0.89 0.07 0.07
Wings, %d 0.11 0.38 0.28 0.43
Pectoralis major, %d 0.26 1.15 0.22 0.30
Pectoralis minor, %d 0.05 0.26 0.18 0.19

Mean ± SD, values without energy calculations 0.28 ± 0.14 0.24 ± 0.15
Mean ± SD, values with energy calculations 0.40 ± 0.39 0.31 ± 0.26

aEffect size = σ of means/pooled σ. Calculated with G*Power (available at www.psycho.uni-duesseldorf.de/
aap/projects/gpower/).

bNumber of treatments = 2; total number of samples = 12.
cNumber of treatments = 3; total number of samples = 15.
dNumber of treatments = 4; total number of samples = 64.
eAMEN = nitrogen-corrected apparent ME.

Table 7. A priori power test calculation of selected measurements from the literature for
laying hens and broilers (F-test, α = 0.05). Sample size was calculated with G*Powera

Measurement Effect sizea Power Calculated sample size

Laying hens

Hen day egg production, %c 0.27 0.8 135
Feed intake, g�bird−1�d−1c 0.35 0.8 84
Feed conversion, g of feed/g of eggb 0.06 0.8 1,890
Digestibility of CP, %b 0.38 0.8 58
AMEN, MJ/kg of DMbe 1.76 0.8 6
Egg weight, gc 0.44 0.8 54
Haugh unitsc 0.40 0.8 66
Yolk color (Roche)c 0.35 0.8 84

Broilers

Body weight, gd 0.16 0.8 444
Feed conversion, g/gb 0.20 0.8 200
Digestibility of CP, %b 0.63 0.8 22
AMEN, MJ/kg of DMb 1.06 0.8 10
Dressed carcass, %d 0.24 0.8 196
Fat pad, %d 0.35 0.8 96
Drums, %d 0.18 0.8 332
Thighs, %d 0.07 0.8 2,480
Wings, %d 0.28 0.8 140
Pectoralis major, %d 0.22 0.8 224
Pectoralis minor, %d 0.18 0.8 332

aEffect size = σ of means/pooled σ. Calculated with G*Power (available at www.psycho.uni-duesseldorf.de/
aap/projects/gpower/).

bNumber of treatments = 2; total number of samples = 12.
cNumber of treatments = 3; total number of samples = 15.
dNumber of treatments = 4; total number of samples = 64.
eAMEN = Nitrogen-corrected apparent ME.
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Table 8. Compromise power calculation of selected measurements from the literature for
laying hens and broilers (F-test) where total possible sample size is held at 120 and the
β/α ratio = 1. The α = β value and power were calculated with G*Powera

Measurement Total sample size Effect Sizea α = β Power

Laying hens

Hen day egg production, %c 120 0.27 0.13 0.87
Feed intake, g�bird−1�d−1c 120 0.35 — —
Feed conversion, g of feed/g of eggb 120 0.06 0.45 0.55
Digestibility of CP, %b 120 0.38 — —
AMEN, MJ/kg of DMbe 120 1.76 — —
Egg weight, gc 120 0.44 — —
Haugh unitsc 120 0.34 — —
Yolk color (Roche)c 120 0.35 — —

Broilers

Body weight, gd 120 0.16 0.33 0.67
Feed conversion, g/gb 120 0.20 0.27 0.73
Digestibility of CP, %b 120 0.63 — —
AMEN, MJ/kg of DMb 120 1.06 — —
Dressed carcass, %c 120 0.24 0.19 0.81
Fat pad, %d 120 0.35 — —
Drums, %d 120 0.18 0.28 0.72
Thighs, %d 120 0.07 0.46 0.54
Wings, %d 120 0.28 0.14 0.86
Pectoralis major, %c 120 0.22 0.22 0.78
Pectoralis minor, %d 120 0.18 0.28 0.72

aEffect size = σ of means/pooled σ. Calculated with G*Power (available at www.psycho.uni-duesseldorf.de/
aap/projects/gpower/).

bNumber of treatments = 2; total number of samples = 12.
cNumber of treatments = 3; total number of samples = 15.
dNumber of treatments = 4; total number of samples = 64.
eAMEN = nitrogen-corrected apparent ME.

challenge to the researcher is that the compromise
results may give nonstandard levels for α and β, as
indicted in the example. That is, probability values
other than 0.05 or 0.01.

Yet another approach is shown in Table 9. In this
case, the researcher would like to maintain a balance
of α = 0.05 and β = 0.20 (power = 0.80). These sample
sizes were calculated using the a priori option of
G*Power according to different effect sizes. Again, the
detection of small effect sizes requires large sample
sizes.

Power is a function of three variables: 1) sample size
(Cohen, 1962, Fox and Mathers, 1997); 2) the effect
size (the degree of departure in the population from

Table 9. A priori sample sizes for a balance between α =
0.05 and β = 0.20 (power = 0.80) for small (0.1), medium
(0.4), and large (0.8) effect sizes. Sample sizes were calcu-
lated with G*Powera

Effect size

Treatment size Small (0.1) Medium (0.4) Large (0.8)

2 788 52 16
3 969 66 21
4 1096 76 24

aG*Power available at www.psycho.uni-duesseldorf.de/aap/
projects/gpower/.

the null hypothesis); and 3) the level of significance (α
or Type I error), The following are some thoughts on
how these variables, and power itself, might be ad-
justed to improve the ability of the researcher to make
statistical conclusions.

Sample Size

Berndtson (1991) provides equations for determin-
ing numbers of replicates and tables for determining
replication at power levels of 0.8, 0.90, and 0.95. Soft-
ware such as G*Power gives some flexibility in de-
termining sample sizes. Sampling strategies have
been noted using a compromise approach to balance
Type I and Type II errors. An a priori approach was
suggested to maintain a relationship between Type I
and Type II errors (e.g., α = 0.05 and β = 0.20). How-
ever, there is no absolute size of a sample that is best.
Declaration of a critical number of samples as being
absolutely necessary is tempting. The interaction of
strain of bird, grain varieties, environmental condi-
tions etc. makes it impossible to make concrete decla-
rations of sample size or levels of significance. The
reference section for the G*Power program (Buchner,
1997) illustrates approaches to determining sample
sizes for interactions in multifactor designs.

Generally, the cost of large sample sizes makes it
uneconomical in terms of money and time. Reductions
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of sample sizes can come at a cost in power and may
result in probabilities other than the conventional 0.05
and 0.01 levels.

The sample size is related to the amount of variance
in the experiment. Accordingly, the variance can be
affected by relationship between the experimental
unit and the subsamples making up the experimental
unit. The treatment variance decreases as the number
of replicates increase, at the expense of the number of
subsamples in the treatment replicate (Steel et al.,
1997). In other words, as the replications of pens in-
crease and the bird number per pen decreases, there
is a decrease in treatment variation.

Effect Size

An observation can be made that the larger the effect
size, the lower the number of replicates is needed for
sufficient statistical power. However, Lenth (2001)
cautions that the standardized effect size (as a ratio
of the pooled standard deviation of the means to the
error standard deviation) has no relevance, in itself, as
a criterion for determining sample size. Lenth (2001)
argues that the numerator and denominator of the
effect size ratio for the t-test and F-test (Table 3) need
to be looked at separately. For example, the effect size
can be improved by lowering the standard deviation
value of the denominator. The type of measurement
tools used can be effective in more accurately de-
termining measurements and reducing variance. An-
other approach is to reduce experimental variation by
using sensitive research designs (e.g., blocking, covari-
ates, etc.).

Significance (α) Level

In science, the tendency is to think in terms of abso-
lutes. This orientation is inherited, no doubt, from the
hard disciplines of mathematics, physics, and chemis-
try, where accuracy and precision are hallmarks. In
the biological sciences, variability is ubiquitous. Sta-
tistics in research is commonly driven by the almost
magical values of 0.05 and 0.01 (Sheppard, 1999). As
Sheppard (1999) points out, it must be kept in mind
that these values are convenient cut-off values. Gill
(1981) referred to the strict adherence to the 0.05 level
as the cult of P < 0.05 or perish. That is, if P is 0.06,
then the treatments are not considered significantly
different by some researchers. One approach to put
experimental results in perspective is to report the
probability level at which the treatments are signifi-
cant. These values are available in most statistical
package printouts.

Power (1-β)

Improvement of statistical power can be made by
the use of proper experimental designs. For example,
quantitative experiments are occasionally analyzed by
ANOVA. The analysis of a quantitative experiment as

a regression will increase the power of the test. It
should be kept in mind that for quantitative experi-
ments, where the regression is significant, the differ-
ences between treatment values are significant.

The ability to conduct power tests has been en-
hanced. The website of R. V. Lenth (www.stat.
uiowa.edu/rlenth/Power/) provides links to several
power analysis calculators. In addition, Thomas and
Krebs (1997) have reviewed a number software pro-
grams, available to researchers for power analysis and
sample size determination.

Implications

With regard to safety (perceived or otherwise) and
in an effort to preserve the credibility of the research,
it is important that careful consideration be given to
the experimental design for the detection of differences
or lack of differences. With this in mind, Buhl-Mor-
tensen (1996) pointed out that the awareness of how
methods affect results in science is crucial if we want
to appraise objectively what an investigation does or
does not say about the actual extent of a given risk
and will help to keep science as objective as possible.
Accordingly, power analysis of experimental designs
for planned research is encouraged to accomplish
meaningful bioequivalent feed studies for poultry.

Literature Cited

Aeschbacher, K., L. Meile, R. Messikommer, and C. Wenk. 2001.
Genetically modified maize in diets for chickens and laying
hens: Influence on performance and product quality. Pages 41–
42 in Proc. Int. Symp. Genetically Modified Crops and Co-Prod-
ucts as Feeds for Livestock, Nitra, Slovak Republic.

Ali, M. A., and S. Leeson. 1995. The nutritive value of some indige-
nous Asian poultry feed ingredients. Anim. Feed Sci. Technol.
55:227–237.
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