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ABSTRACT A

The harmonic wmean and Kramer (1956) unequal n forms
of the Tukey multiple comparison statistic were investigated for
Monte Carlo Type I and Type II errors under conditions of assumption
violations. The two major questions concerning the sen51t1v1ty of
multiple comparison statistics for different types of pairwise
contrasts and the affect of increasing the number of treatment le vels
are discussed, Neither procedure cons;stently out-performs the other;
the choice of test depends upon the population condition(s) and the
pattern of unequal cell frequencies. (Author)
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The harmonic mean and Kramer (1956) unequal n forms of the
- Tukey multiple comparison statistic were investigated for Monte Carlo
Type I and Type II errors under conditions of assumption violations. The

two major questions concerning the sensitivity of multiple comparison

I

statistics for different types of palrwise contrasts and the affect of
increasing the number of treatment levels are discussed. Neither pro-
cedure consistently out-performs the other;. the choice of test depends

upon the population condition(s) and the pattern of unequal cell frequencies_;




IHE HARMONIC MEAN AND KRAMER UNEQUAL n FORMS OF THE TUKEY STATISTIC

The Tukey (T) multiple_ggmpafisgn statistic 1is considered appf§=
priate for probing palrwise differences among means (Kirk, 1968; Miller,
1966; Scheffé, 1959). A crucial assumption of the T stﬁzis ic is that the
variances of the centrasts be equal (Scheffé, 1959). To satisfy this as-
sumption there mﬁ%t be an equal number of observations per cell.

Smith's (1971) Monte Carlo investigation compared three unequal n
procedures that can be used with the T statistic: the harm@nic mean, the

Kramer (1956) method, and the prgéeduté suggested by Miller (1966). The

‘harmonic mean, the most commonly cited procedure (Kirk, 1968; Winer, 1972),

utilizes all the sample sizes from the K treatmegt levels ([K/ llnl + 1/112
S llﬂk]).i Miller suggests using an average or median value of the
gfaué sizes, whereas Kramer's procedure utilizes the sample sizes of the
largest and smallest (range) groups. Smith (1971) found that the harmonic
mean procedure and the procedure suggested by Kramer generated Type 1
estimates that were closer to theoretical alpha than the procedure cited
by Miller. When choosing any statistical test both typesléf errors should
be congidered. Using fhe Kramer method, as Smith suggests solely on the
bagis of Type ] estimates places too great an gmphasig on the Type I error.
Recent studies (Games, 1971; Keselman and Toothaker, 1973) in-
dicate two important factors that need to be investigated for the T statistic.
Keselman and Toothaker (1973j point out that the power of multiple com-
pariscn tests 1s a function of the magnitude of the comparison deviating
fram the null hypothesis that ¥ = Eckpk = 0. For example, in their in-
vestigation the four treatment levels were made to differ by .67 o-units,
consequently, y; = 0.00, u, = O, 67, uz = 1.34, and uy = 2.01. The con-

trast that compares means one and four is the maximum contrast and its




powet would be greater than any of the remalning five pairwise coutrasts.
Their results corroborate the corréspondence between the sensitivity of
the analysis of variaﬂzé (ANOVA) F test and the contrast that compares
the maximum difference in a set éf‘K means suggested by Scheffé (1959).
Games (1971) shows that t.coretical Type I error rates will vary, depending
upon the number of treatment levels. A major question that remains unan-
swered 1s, "&héther diffaraﬂges between extremes in a large set of means
will be more sensitive to form and heterogeneity of variance than is the

. To examine this question the harmoric mean (H) and the Kramer (K)
unequal n forms of the T statistic were investigated for the empirieal
probability of a Type'I and Type II error. The Monte Carlo estimates were.
generated under conditions of assumption violations for %arying numbers
of treatment lévéls when the true magnitude of deviation from the multiple

comparigon null hypothesis of zero was considered,
Procedure

Pseudo~random numbers were selected using a pseudo-random number
generator. Depending upon the assumptianrviclaticn, the numbers were
selected from either a ﬁa:mél or expangntiai distribution. The normal
deviates with y = 0 and 02 = 1, were generated by a technique developed
by Box and Muller (1958). To sample from the exponential distribution
{Lehman and Bailey, 1968, p.227), |

| £(t) = pe Pt (1)

with p= 1, E(t) = 1/p = 1, and var(t) = ilpzva‘l, pseudo-random exponential

]

variables were generated by multiplying the negative of the mean, -E(t) = -1,



tions, the gererated samples have population means of: p1 = 0.00, u,

times the natural logarithm of uniform random variates distributed on the

unit interval (IBM, 1970). The exponential variates were then scaled so

2
that the mean would be zero and the variance Op> k=1,...,K (for the

unequal vatiance conditions). The resulting skewed population has mean
2

zero, variance Cpo skewness measure y; = 2 and kurtosis measure yp, = 6.

Differences in means were obtained by adding multiples of the

constant § (8 = 0.67) to the successive observations within the K treat-

ment levels starting with the second level, Depending upon whether the

0.67,

y3 = 1,34, uy = 2,01, ué = 2.68, ug = 3.35, y7y = 4.02, and ug = 4.69,

From the Pearson and Hartley (1951) tables for ﬂancentrality value
of ¢ = (EEk/k)s/E/(n)% 1.98, seven absarvatians per cell were required to
obtain 867 power for rejecting the ANOVA null hypnthésis;g Only after re-
jecting the ANOVA 'F hypathesisrwas the T statistic simulated, The pro-

bébilit§ of a Type II error was simulated with the observations that had

the mean differences built-in(§ = 0.67), whereas the probability of a

Iype I error was evaluated with the original randomly generated observations

(6 = 0.00).
Given four, six, and eight levels of the treatment variable there
were six, fifteen, and twenty-eight pairwise contrasts, respectively. For

the six, fifteen, and twenty-eight contrasts there were thiree, five, and

seven respective magnitudes of deviation from a true psi of zero for 0.67

o-unit differences between adjoining means. The contrasts were coded as

to the extent to which they differed from the multiple comparisen null

hypothesis. Consequently, the probability of a Type I and Type II error



was counted only for contrasts that had the séme magnitude of deviation
from zero.

faf comparisons involving unequal varlances the variances were
in the ratie of 1:2:3:4 (K = 4), 1:2:3:4:5:6 (K = 6), and 152;3;4:5;637;8
(K = 8). The unequal variances were achieved by!multiplying the generated
number by a value for each level such that the average variance was one
for the given experiment.

Unequal variances and unequal sample sizes were ccmbiﬁed when
sampling from the normal distribution to explore the probability of a
Type I énd Type II error under conditions of assumption violatioens., The
five combinations examined were (1) equal observationg pér treatment level -

- equal variances, (2) equal observations per treatment level — unequal

variances; (3) unequal observations per traatmént level - equal variances,
(4) unequal abéervatiens per treatment levél - unequal variances (posi-
tivel; rélatéd) and (5) unequal observations per treatment level - unequal
variances (negatively related). These five conditions were also inveétim
gated for the non-normal exponential population. The ﬁnéqual variances
and sample sizes for the nine combinations of treatment levels and sample

aizes invesﬁigatéd are contained in Table 1.

The procedure of generating K random samples with'nk Dbservatians‘
per cell and calculating the T statistics constituted one experiment; the

pracedﬁre was repaated for 1,000 egperiméntsi
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contain different numbers

[¥)]

Monte Carlo Type I Errors: Because the level
of contrasts there is a difference between the Type I probabilities (Tables
2-4).  For example, for four treatment levels there are six pairwise con-
trasis which are separated into three magnitudes of deviaiiaﬁ from zero,
that 1s, for .67 o-unit differences between adjoining maéﬂs there is one
population contrast (?I) equal to 2.01 two contrasts equal to 1.34 (?II),
and three contrasts equal to 0.67 (?lli). The expéfimantwiéé error réte
fluctuates depending upon the number of contrasts that define the experi=
ment. For the Tukey tests (Table 2, condition 1) over 1000 experiments
there are six experiments containing one false rejection when each experi-
ment contains cné.gantfast (?I), nineteen experiments with at least one -
false rejection when each experiment contains two contrasts (?ii), and
forty-two experiments with at least one erroneous statement of rejection

). When the

when the experiment is defined over three contrasts (?I

I

b=l

probability of a Type I experimentwise error is defined over ali contrasts
comprising the experiment, there are'fiftyétwp experiments with at least
one false rejection (?A).: When considering all contrasts comprising the
experiment, thé:e are six contrasts for four treatment'levéls, fifteen

the treatment variable.

Conditions (1) and (2) are not comparison conditions of crucial

interest, The probabilities repaftéd for (1) only reflect the praééépze

of dichotomizing the cﬁntfasts into levels of deviation from a true psi

ERC




of zero whereas, the probabilities tabled under condition (2) not only
reflect the above but alSc, the effect of heterogeneity of variance. In
both conditions the H and K probabilities must be equal since, n =0
Considering conditions (3). (é),rand (5) a distinct pattern of comparison
emerges. For the combinations of unequal observaticns per treatment level -
eéual variances (3), and unequal observations per treatment level - unequal
variances (negatively related) (5), the K probabilities are comsistently
less than the H probabilities. When positively pairing unequal sample
sizes and unequal variances (4) the pfgbabilities for the H procedure are
smaller. The above pattern holds across the four, six, and eight treat-
ment levels.

Differences in extremes in a large set of means are not adversly
affected by form and heteragenéiﬁy of variance with increases in the number
of treatment levels, If Games (1971) meant by extremes the contrast com-
paring the two most disparate means, that is ?I; then the probability of
a Type I error 1s inversly related to increases in the number of treatment
levels for the three sample sizes investigated, This general inverse re-
lationship holds for each level of deviation (W II""’ VII) but not
when considering all the contrasts (?A)

Sampling from the exponential distribution does not cause the

‘Iype I pfﬂbabilitiés to gubstantially deviate from the prﬁbabilities when
gampling from the normal distributign, though, -the expanential p:cbabilities
" are, more often than not, less than the cofrespcnding normal &istributicn

‘ prgbabi;itiés.

Monte Carlo Type II Errors: The H and K Type II1 prababliities (Tables

5-7) campliment the :eparted Type I error camparisan pattern, though,:



pattern here is vety.weak. The H Type II probabilities are, more often .
than' not, less than and/af:generally'aqual ﬁc the K probabilities for
conditions (3) and (5). For éanditian (4), the H probabilities are more
often than not, slightly larger and/or generally equal to the tabled ﬁ

estimates.

Fcr comparisons other than the maximum contrast tﬁa T statisties
are not powerful for the smaiiest sample éanditian (n = 7). Increases in
sample size and/or an increase in nominal alpha (from .05 to ,10) can sub-
stantially increase the power for some of the non-maximum contrasts. The
greater the é:ue deviation from zero, the more pronounced is the affect.

| The exponential and normal distribution probabilities do differ
from one another and there are cases in which the discrepancies are
large but, no distinective pattern of différEﬁEE-iE specifiable.
| | Discussion |
The harmonic mean and Kramer (1956) unequal n forms of the Tukey
_multiplé comparison statistic were simulated under conditions of assumption
violations. Mnﬂte Carlo Type I and Type 11 prnbabilitias for various
combinations Qf-pgpulatign form and hétérggéneity of vafiancé were tablédg
magnitude of deviation from the multiple comparison null hypothesis that
Y = Eckuk =0, Consequently, Type II errafs ware évaluated with ﬁantrasts
that have the same magnitude of deviatian. As a cansequencelaf seParatiﬁg

the pairwise gcntrasts, the simila:;ty éf‘the sansitivity Qf3thé-ANDVA;F -




test and the contrast that ;Qmparéé the maximum difference in a set of
K means, as suggested by Scheffd (1959), is corroborated.

The Tukey_statis;i; controls the probability of a Type I erfor
experimentwise and is considered therefore most appropriate when several
contragts are to be computed. The effect of non-normality and hetero-
geneity of vafigncé is gimilar to the consequences reported for the ANOVA
F test (Scheffd, 1959). Increasing the number of tredtment 1&&&15 under
canéitians of aésgmptign violations does not gemerally affect the Type I
error probabilities. The probabilities whether extremely conservative,
conservative, or 1ihe£al, are typically within sampling variability of
one another across the four, six, and eight treatment lavels.

While selection of an appropriate statistical test is always
specific to an experimental question, the Monte Carlo investigation de-
lineates general frames of reference leading to the following recommenda-
tions. If there is evidence that suggests that the populgtiun variances
are not equal, or if the number of observations per cell are not equal
and negatiVély related to unequal variances, the Kramer form of the Tukey

statistic would appeaf to be most appropriate since it better controls

- for the probability of a Type I error and is not substantially less power-

ful than the harmonic mean pfﬁcédgré. If suspecting heterogeneity of
population variances and sample sizes are positively paired, ghe data |
favors the use of the harmonic mean pracedufe. Although thg Type 1 éfrgr
probabilities are larger than the K Type I prébabilities they are nonethe-
léss still quite canservaﬁive, yet the H procedure generally commits fewer
Type II errors and is therefore the more powerful statistic. o

-Significant Tukéy’céﬁtrasts can occur in the ahsence of a signi=




ficant F test, though infrequently, since it is based on the distribution
of the Studentized range and is not therefore mathematically related to
an ANGVA F test. The Tukey tests were only simulated when the ANOVA null
hypéthésig was rejected in order to mifggf the popularized accepted pro-
cedure (Glgsé and Stanley, 1970; Hopkins and Chadburn, 1967; Hays, 1963).
Assuming that the tapled Type II probabilities may be slightly inflated
estimates, the Tukey tests still lack substantial power for detecting
nansﬁaximum contrasts when alpha equals .05. Therefore, fégardless Df
which Egrm of the Tukey test is used to increase power for non-maximum

contrasts it 1s suggested that the level of significance be at least .10.
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R3T 2N2,

2
EER squared treatment effects

g

square root of the mean square error from the ANOVA
n = number of observations per cell

k = number of means
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TABLE 3
MONTE CARLO TYPE 1 EXPERIMENTWISE ERRORS FUR THE HARMONIC (H) AND KRAMER (K) UNEQUAL
FORS OF THE TUKEY STATISTIC FOR SIX TREATMENT LEVELS WHEN DEVIATION FROM ZERO 15 CONSIDERED

CONDITIONS® . .
NORMAL DISTRIBUTION : . EXPONENTLAL DISTRIBUTION
1 2 3 4 5 i 2 3 , 4 5
el E- E B K q | S 3 BE. K H 4 B . K B L . H K | H 3

0.004 0.006 0.003 0.003 0.0i2 0.013 0.004 0.004 0,005 0.005 0.006 0.006 0.002 .0.002 0.005 0,005
0.008 0.018 0,020 0.009 0.009 0.014 0.014 ©.014 0.015 "0.011 0.00%9- 0,017 0.015
09 0.035 0.006 0.026 0.026 ©0.019 0.014 0.012 0,014 0.032 0.026
0.038 0.019 0.024 0.024 ©.024 0.026 0.020 0.022 0.045 0.036
0,021 0.041 0.041 0.029 0,026 0.0245 0,028 0.037 0.047

0.041 0.067 0.067 0.D50 0.048 0.066 0.052 . 0.092 0.070

v 0.005 0.005 0,008
vz 0.018 0.018 0.014
wrrr 0.016 0.016 0.020
n=7 4y 0.016 0.016. 0.030
w  0.026 0.026 0.033 0.033 0.013 0.015 0,025 0.030 0.058
¥4  0.058 0,058 0.062 0.062 0.039 0.041 0.040 0.049 0.096

- vy 0.004 DiVBD& 0.004 0.004 0.003 0.003 0.001 0.001 0.002 0,002 0.005 0.005 0.004 0.004 0.007 0.007 0.005 0.005 0.006 '0.006
= ¥yy 0.007 0.007 0.009 0.009 0.009 0.009 0.006 0,006 0.008 0.008 0.008 0.008 0.014 0.014 ©.005 0.005 0.012 0.012 0,009 0.009 :

i ﬁk.!“ Y111 0,017 0,017 0,022 0.02Z 0,011 0.0I1 0.015 0.016 0,022 0,020 0.016 0.016 0.0Zi '0.021 ©.018 0.017 0.0i6- 0.018 0.023  0.021

a - . ¥, 0.013 0.013 0.032 0.032 0.01Z 0.013 0.012 0.016 0.029 0.027 0.015 0.015 0.030 0.030 0.023 0.022 C.026 0.024 0.030 0.028

-y 'ﬂafllt_i 0.014 0,032 0.032 0.015 0.013 0.033 0.038 0,057 0.052 - 0.023 .0.023 -0.037 0.037 0.025 0.028 0.036 0.041 0.035 0.046

¥y 0.047 0.047 0.070 0.070 0.040 0.040 0.055 0,061 0.083° 0.077 0.045 0.045 0.079 0.079 0.048 0.049 0.071 0.075 G;QEE 0.078

U 0.007 0.007 0.004 0.004 0.00& 0.006 0.005 0.005 0.010 0,010 0.010 ﬂ.DiD 0.002 0,002 0.005 0.005 0.006 0.006 0.007 0,007

" Yy 0.018 0,018 0.004 0.004 0.012 0,012 0,012 0,012 0.016 0.008 0.008 0.008 Oéﬂﬂg

ngiES Vi1t ﬂ!'ﬁil 0.021 0.022 0.022 0.0l15 0.014 0.016 0.017 0.020 0.012 0.012 0.02% 0.023

o Yy 0.019 0,019 0.027 0.027 0.018 0.0159 0,027 0.030 0.038 ) . 0 04129 0.029 0.038 0.034

¥, ~ 0.018 0.018 0.036 0.036 0,023 0.022 0,031 0.034 0.053 0,049 0.035 0.035 0.043 0.063 0.023 0.023 0,033 0.036 0.046 0.03

¥, . 0.062 0.062 0.067 0.067 0.055 0.054 0.065 0.070 0.095 0.091 0.07Z 0.072 0,086 0.086 0.049 '0.048 0.07 0.073 0.085 0.075

¥y 0.004 0.004 0.012 0.012 ai;o;s 0.015 0.009 0.009 0.022 0.024 0.021 0,021 0.012 0.01Z 0.008 0.010 ©0.004 0.006 0.014 0,022

Y1 0,013 0.015.0.023 0.023 0,02z 0.019 0.016 0.015 0.034 0.033 0.028 0.028.0.028 0.028 ©.017 -0.017 0.013 0.016 0.040 0.037

= 7 VY111 0.030 0.03 0,036 0.036 0.035 0.033 0.030 '0.032 0.057 0.052° 0.031 0.031° 0.037- 0.037 0.037 0.035 0.014 0,024 D‘.D§2 0.044

. ¥y 0.038 0.038 0.051 0.051 D0.041 0,038 0.034 0.038" 0.078 0.071 0.040 0.040 0.041 0.041 0,040 0,035 0.020 0.034.0.072 0.058 .

by 0.043 0.043 0.066 0.066 0.056 0,058 0,047 0.055 0.104 0.085 0.053 0.053 0.052 0,052 0.047-0.045 0.03% 0.048 -0,076 0,068

¥, 0.091 .0.091. 0.117 0.117 O.1i5 0,111 .0.08] 0.089 0.175 0.154 0,103 0.103 0.108 0.108 D.091 0,091 0.063 0.095 0.147 0.129

v;  0.010 0.010 0.018 0,018 0.005 0.009. 0,009 0.009 0,010 0.003 0.009 0.009 0.019

| ¥y . 0,013 0,013 0.028 0.028 0.018 0.018 0.019 0.019 0.020 0.003 0.031 0.031 , 0.025

. B el6 Ygy; 0.023 0.023 0,048 0.048 0.023 0.024 0,030 0.029 0,048 0.010 0.041 0.041 0,038 0 : . 0.050

a ¥yy 0,035 0.035 0.052 0.052 0.032 0.02% 0.043 0.048 0,059 0,013 0.043 0.043 0.054 0.054 0.038 0.035 0.048 0.050 0.064 0,062

Yy 0.035 0.035 0.068 0.068 0.052 0,052 0.063 0.070 0,080 0.0Z21 0.043 0.043 0.0B0 0,080 0.041 0.044 0.060 0.066 0.097 0.087

' 139 0.094 0.093 0.105 0,109 0.157 - 0.147

LN 0.085 0,085 0,140 0.140 0,093, 0,092 0,11} 0,121 0,142 0.062 0.098 0.098 0.139 0.1

0.006 0.006 0,015 0.015 0.007 0,007 0.012 0.012 .008 0,008 0.015 0.015 0.012 0.012 0.009 0,008 0.017 . 0.017

¥ 0.016 - 0,016 0.0 1
*il 0.018 0,018 0.019 0,019 0,015 0.015 0.022 0,022 0.029 0.029 0.018 0.018 0.029 0.029 O©O.018 0.018 0.020 0.020 0.031 0.031-
%‘35 “’I’i'x 0.02% - 0.029 0.033 0.033 0.027 330_2949.0731 0.032 BiDQE 0.036 "0.032 0.032 0.042 Q;ﬂ&i 0.029 0.029 D;DE'D._OES 0.046 - 0,044
W“ - 0,040 0.040 DfDSE 0.052 0.030 0.028 0.042 0.044 0.054 0.055 0.041 0;@&1,9.&&5 0.045 0.041 0.042 0.047 0.048  0.082 0.062
¥y . 0.049 0.049 0.077 0,077 0,039 0.037 0.066 0.072 0.077 0.078 0,052 0.052 0.066 0.066 0.050 0.052 0.053 0.057 0.072 0.069
N 0,099 0.099° 0,130 0,130 0,096 0,095 0.108 0,112 0.135 0.133 0.102 0.102 0.122 0.122 0.108 0.110 0,110 0.114 0.143 0.13

a= .08, o " 007; a= .10, 9, = 009 UL ot v
Conditiona: (1) equal n's - equal a?'s (2) equal n's unequal o?'s (3) unequal n's - equal 62'8 (4) ymequal n's - unequal.e?'s (positively)
reloted) (5) unequal n's = unequal o?'s (negacively related). o .

MMy, Haximum contrast; ¥, Znd largest contramt(s): winjtd largest contrast(a); by 4eh largest contraat(s); ¥y 3th largest contrast(s){

(o]

7% all sontrasts, : ) )




TABLE 4 b
- HONTE CARLO TYPE I EXFERIMENTWISE ERRORS FOR THE HARMORIC MEAN (H) AND KRAMER (K) UMEQUAL
- CONDITIONS* -
NORMAL DISTRIBUTION EXPONEWTIAL DISTRIBUTICH
1 2 3 4 5 1 z 3 4 5
phn i x H 3 i 4 a K g X H X 't i ] 14 5 K B ]
¥ 0.00z 0,002 0,002 0.002 0.001 0.001 €.002 0.00Z 0.006 0.005 0.005 0.005 0.003 0,003 0.601 0.001 0.005.0.003 0.006 0.006
¥iy 0.003 0.00) 0.008 0.008 0.003 0.003 0.003 0.003 0.009 0.009 0.007 0.007 ©.008 0.008 ©.007 0.006 0.009 0.009
Y111 0,004 0.004 0.0l% 0.014 0.006 0.007 0,008 0.007 0.031.-0.029 0.00% 0.009 0.012 0.012 ©.004 0.003 0.011 0.012
gy 0.016 0.015 0,016 0.016 -0.006 0,007 0.016 6.015 0,032 0,030 0,012 0.012 0.013 0,013 0.010 0.012 0,014 0.014
Bl 14; 0.01z '0.012 0,021 0.021 0.010 0.009 0.018 0.023 0.043 0.039 0.012 0.012 0.028 0.028 0.1z 0.015 0,018 0.020
o1 0.010 0,010 0,024 0,024 0.005 0.006 0,022 0,028 0,042 0.037 0,014 0.014 0,029 0.029 0.008 0.009 0.026 0.033
) . 0.012 0.01Z 0.040 0.040 0.01% 0.022° 0.031 0.038 0.054 0.042 0.020 0.020 0.030 0,030 0.014 0.0i1 0,029 0,035
“ 0.045 0.045 0.077 0,077 0.038 0.044 0.061° 0.073° 0,117 0.100 0.036 0.03 0.073 0,073 0.031 0.036 0.057 0.064
v 0.000 0,000 0.002 0.002 0,001 0.001 0.003 0.003 0.005 0.005 0.004 0.004 0.002 0.002 0.006° 0.000 0,002 0.002 0.003 0.003
iy 0.005 0,005 0.008 0.008 0.005 0.004 0,002 0.002 0.011 0-011 0.004 0.004 0.006 0.006 0.005 0.005 0.011 0.011 0.007 0.007
5 it 0.011 0.011 0,012 0.012 0,007 0.008 0,006 0.007 0.009 0.009 0.007 0.009 0.009 ©0.007 0.007 0.009 0.009 0.008 0.008
} ne16 Y1y 0.011 0,011 0.021 0.021 0.018 0.017 0.014 0.016 0.022 0.020 0.009 0.020 0.020 0.007 0.007 0.012 0.014 0.011 .0.C11
' ) Yy 0.010 0.010 0.031 0.031 0.014 0.014 0.020 0.021 0.03 0.031 0. 0.010 0.020 0.020° 9.013 0.013 0.013 0.014 0.030 0.029
e Yyr 0,020 0,020 0,038 0,038 0,021 0,019 0.0l18 0.023 ©,033 0.030 ©.012 0.0l 0.33Z 0,032 0.018 0.017 0.030 0.030 0.029 0.029
Yerr.  0-023 0.023 0,042 0.042 0.017- 0.018 0.031 0.039 -0.037 0.033 0.014 0.014 0.038 0,038 0.013 0.013 0.024 0.026 0.040 0.034
A 0.053 0,053 0,093 0.093 0.062 0,059 0.067 0.079 0.082 0,092 0.035 0.035 0.080 0.080 0.043 0.042 0.058 0.060 0.077 0.073
' vy 0.001 0,001 9.003 0.003 0.002 0.002 0,001 0.001 0.003 -0.003 0.005 0.005 -0.001 0.001 0.000 0.000 0.003 0.0603
. 0.005 0.005 0.004 0.004 0.002 0.002 0.007 0.007° 0.002 0.002 0.008 0.008 0©.004 0,004 0,004 0,004 0,008 0,008
Virg 0,010 0.010 0.00%9 0.008 0.014 0.015 0.010 0.009 0,011 -0.011 0.012 0.012 0.013 0.012 0.009 0.009 0.011 0.011
0, =23 iy 0.0l4 0.014 0.013 0.011- 0.013 0.0l4 0.014 0.0l14 0.006 0.006 0.013 0.013 ©0.017 0.017 0.005 0.005 0.017 0.017
) Y 0.017 0.017 0,011 0.013 0.024 0.025 0.021 0.019 0.014 0.014 0.018 0.018 0.011 0.609 0.018 0.019 0.031 D0.029
Y 0.032 0,032 0.011 0.011 0.025 0,027 0.042 0.040 '0.020 0.020 0.017 0.017 0.015 ‘0. 0.024 0,027 0.035 0,035
Vo1 0.046 0 0.040 0.041 0.040 0.035 0.024 0.024 0.038 0.038 0.021 0.0 5.028 0.031 0.053 0,051
. Y 0,083 0.084 0,086 0.096 0.0886 0.054 0.054 0.070. 0,070 0.058 0.0 58 0,073 0.099 0.098
¥ 0.008 0.007 0.006. 0,011 0.010 .0.012 .0.012 -0.002- 0.002 0.003 0.003 0.006 0.006 0.009 0.009
: 11 0.012 0. 0.013 0,012 0,024 0.023° 0.013 0,013 0.013 0,013 0.010 0.005 0,010 0.010 0.019 0.018
*iu 0.019 .020 0. 0.018 0.0Z1 0.031 0.029 0.022 0.022 0,022 0,022 0.012 0.014 0.011 0.013 0.028 g;m?
ne T Ny 0.026 0.026 0.024 0.028 0.027 0.031 0.048 0.036 0.028 0.028 0.033 0.033 0.027 0.024 0.020 0.025 0.033-0.027
v‘;' 0.051. 0,051 0.028 0.027 0,032 0.033 0,070 0.08Z 0,041 0.041 0.038 0.038 ©.023 0.022 0.021 0.026.0.058 0.052.
Yyt 0.050 0.050 0.026. 0,029 0.037 0.048 0.079 0.072 0.043 0.043 0,045 0.045 0.031 0.035 0.040 0.044 0.066 0.061
Y1 0.068 0.068 0.041 0.041 0.052 0.066 0.106 0.088 0.050 0.050 0.054 0.054° 0.026 0.027 0.043 0.054 0.092 a.n?g
v 0.131 0.131 0.099 0.104 0.108 0.126 0.197 0.167 0,117 0.117. 0.117 0.117 0.073 0.069 0,087 o.,m?. 6.155; o;:gs
¥ 6.005 0,005 fgm;ia.ou_ogoos 0.006 0.001 0.001 0.004 0.004 0.003 0,002 0.008 0.008
“ﬁ 0.015 0.015 0,018 0.017  0.011 0.011 0.015 0.015 0.011 0.011 0.012 0.012 0,010 0.010
a Yrir- 0.02z 0.023 0.018 .0.019 0.020 0.020 0.022 0,022 0.012 0.013 0.016 0.018 0.020 0.019
*aels Y1y 0.026 0,027 0.03% 0.032 '0.017 0.017 0.019 0.019 0.020 0.020 0.03 0.036 0.032 0.019
; mh vy 0.037 0.037 0.048 0,042 0.031 0,031 0.044 0,044 0.021 -0.021 0.038 0.039 0.048 0.047
Yt 0.045 0.049 0.06¢ 0.066 0,030 0.030 0.049 0,049 0.027 0.028 0.042 0,045 0.058 0.05%
Y1y 0.062 0.068 0.071 0,060 0,028 0.028 0.050 0.050 0.031 0.030 0.058 0,066 0.075 0,069
) ¥ 0.117 0.130 0.149 0.137 0.091 0.091 0,117 0,117 0.081 0.081 (L;;g 0.129 0.140 a;;zs
¥ 6.008 ©0.008 0.005 0.005 0.005 0.005 0.010 0,010 0.014 0.014
Vyr 0,012 0.012 0.014 0.014 0.010° 0.010 0.015 0.015 0.022 0,022
) ¥pgp 0,019 0.019 '0.014 0,014 0.0D18 0.017 0.018 0,017 0.031 0,028
; B, #25 ¥y 0,016 7 .0 01 0.031 0,031 0.025 0,025 0.025 0.029 0.032; 0.035 oi§51 ﬁ.ng
’ *y 0.017 0.017 0.046 0.046 0.021 0,022 0,028 0.028 0,038 0.038 0.035 0,035 0.045 0.047 0.073.0.073
¥y 0,028 0,028 0,044 0,044 0,027 0,028 6.035 0.035 0.056 0.056 ©.025 0.025 0,051 0.052 0.072 0,070
: ¥y 0.03% 0.035 3 0.a Vciiofm 0,050 0.033 0.035 0.069 0.075 0.089 0.0B6
0,091 0,091 0.1 0.121 0.121 0,096 0.098 0.136 0.145 0.178 - 0.169

= .009:

n's inequal o?'s (1) unequal n's -

equal ai'- (2) equal
]
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TABLE &

MONTE CARLO TYPE I1 EXPERIMENTWISE ERRORN POR THE HARMONIC MEAN (H) AND KRAMER (K} DMEQUAL

FORS OF THE TUKEY STATISTIC HAVING .67 o=UNIT MEAN DIFFERENCES FOR SIX TREATHENT LEVELS WHEN DEVIATION FKOM ZERO LS CONSIDERED
CONDITIONW - - - -
NORMAL DISTRIBUTICH o ’ EXFORENTIAL DISTRIBUTION
1 2 3 4 s 1 -2 3 T 5
e 8 K H K u £ H 4 B K B K B K 8 e " e " x
Y 0.003 0.003 0,002 0.002 0.001 0.000 0.001 0.000 0.000 0.000 0,009 0,009 0.002 0,002 0.010 -0,007 0,003 0,002 0.020 0,019
¥y 0.072 0,072 0.052 0.052 0,057 ‘0.063 0.083 0,081 0.051 0.052 0.086 0.086 0,048 0.049 0,113 0,112 0.064 0.070 0,117 0,122
o, Vup 033 0.535 0.529 0,529 0.548 0.544 0.599 0.602 0.495 0.502 0.46 0.464 0.457 0.457 0,488 0,503 0.487 0.493 0.449 0.45
Ty 0.991 0,991 0.988 0.980 0.991 0.990 0.991 0.992 0.984 0.983 0,968 0.968 0,971 0.971 0,95 0,956 0,983 0,986 C.918 0.916
Y 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000
N 1.000 1.000 1.000 1.000 1,000 1,000 1.000 1.000 1.000 1.000 1.000. 1,000 .1.600 1.000 1.000 1,000 1.000 1.000 1.000 1.000
v 0.000 . 0.000 0.000, 0.000 0.000 0.C00 0.000 0.000 0.000 0,000 0,000 0,000 0,000 0,000 ©.000 0,000 0.000 0,000 0,000 0,000
7 ¥y - 0.000 0.000 0.000 0,00 0.000 0.000 0.000 0.000 0,000 0.000 0,000 0.000 0,000 0.000 ©.000 0,000 0,000 0,000 0,006 0,006
- ¥ypp - 0-011.0.011 0:011 0,011 3.007 0.008 0,013 0.0)2 0.014 0.015 0.0z9 0.029 0,016 0,018 0.030 0,033 0.007 0,007 V.066 0.068 -
omele by, £0.594 0.594 0.611 0.611 0.625 0.621 0.609 0.602 0.571 0.574 0,568 0,568 0.557 0.557 0.538 0.539 0.577 0.577 0.526 0.521
vy 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1,000 1.000 1,000 1.000 1,000 1.000 1.000 -1.000 0,999 0.998
1.000 1,000 1.000 1.000 1.000 1,000 1,000 1.000 1.000 1.000 1.000 1.000 1000 1.000- 1.000 1.000 1.000 1.000 0,999 0,998
¢y - 0.000 0.000 0,000 0.000 0,600 0,000 0.L0C .0.000 0.000 0.000 0.000 0.000 0.000 0,000 0,600 0,000 0,000 0,000 ©0.000 0.000
. 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0.000 0,000 0.000 ©.000 0,000 0.000 0,000 0,000 0,000 -
25 Y1z 0.000 0.000 0.000 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0,000 0,000 0.000 0,000 0,000 0,000 0,000 0,001 0,002 0,002
5 vy 0.129 0.129 -0.128 0,128 0.118- 0.119 0.131 0.129 0.120 0.135 0,157 0,157 0.106 0.106 ©.153 0,156 0.124 0,121 0,168 0,168
y 1.0n0 1.000 0,999 0.999 1.000 1.000 1.000 1.000 0.999 0.999 0.999 0.99% 1,000 1.000 0999 1,000 1.000 1.060 0,994 0.995
o, _1.000, 1.000 0,999 0.999 1.000 1.000 1,000 1.000 0.999 0.999 0,999 6.999 1.000 1.000 ©0.999 1.000 1.000 1.000 0,904 0.995
T v 0.000 0.000 0.000 0.000 0,001 0.000 G.000 0.000 0.001 0,001 0,005 0.005 0,000 0,000 £.002 0.002 0.600 0.000 0.015. 6,011
. 0.024 0,024 0.026 0.026 0.020 0.022 0.035 0.035 0.030 0,035 0,062 0.062 0.027 0.027 0.058 0.061 0.036 0.035 0,087 0.031
B 7 Wy o 0,382 0.382 0.346 0.346 0,370 0.333 0.414 0.422 0.349 0,355 0,372 0.372 0.318 0.318 0.362 0.349 0.3 0.362 0,350 0.353
C¥gy o 0.977 0.977-0.969 0.969 0.970 0.971 0.972 0.974 0.966 0.964° 0,913 0,913 0.946 0.946 0.924 0,922 0.970 0,972 0,850 0,84k
%y . 1,000 1,000 "1.006 1.000 1.000 1,000 1.000 1.060 1,000 1.000 1.000° 1.000 1,000 1.000 1.000 1.000 1.000 1.000 1,000 1.000
N 1,000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 - 1.000 1.000. 1.000 1.000 1.070 1,000 1.000 1.000 1.000 1.000
's v 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 - 0.000 0.000 0.000 10.000 0,000 - 0.000 0,000 0,000 0.000 0,000 0,000
o ¥11 0,000 0,000 0,000 0.000 0,000 0.000 0.000 0.000'0.000 ©.000 0,001 0.001 0,000 0.000 ©0.001 0,001 0.000 0.000 0,001 0.001
007 0,034 0,035

T4 mel6 g 0,009 0,009 0.004 0.004 0,003 0.003 0,007 0.006 0.010 0.010 0.018 0,018 0.006 0.006 0,016 -0.017 0.008 0.
0

"‘%V 0.426 0,426 0.418-0.418 0,448 -0.439 0.451 0.448 0.404 - 0.415 -0.435 0,435 0.409 0409 ©0.413 0.414 0.411 40
by - 1,000 1.000 1.000 1.000 1,000 1,000 1.000 1.000 1.000 1.000 1.000 -1.000 1,000 1.000 "1.000 '1.000 1,000 1.000 1,000 1,000
Ua 1.000 “1.000 1,000 .1.000 :1.000  1.000 1.000 1.000 '1.000 1.000 ~1,000 1.000 1.000 1.000" 1.000 l,‘ﬁgﬂ 1.000 1.000 . 1,000 1,000
151 0.000 0.000 0.000 0.000 0,000 0,000 0.000 0.000 0.000 .0.000 0,000 0.000 0.000 0.000 0,000 0,000 0.000 0,000 0,000 0,000
b11 0.000 0,000 0.000 0.000 -0.000 0.000 0.000 0.000 0,000 0,000 0,000 0,000 0.000 0.000 ©.000 0,000 0.000 0.000 0,000 0.000
823 g 0.000 0,000° 0,000 0.000 0.000 0,000 0.000 0,000 0.000 0.000 0.000 0,000 0,000 0,000 0,000 0,000 0.000 0.000 0,000 0.001.
. vry 0.049 0.049 0,077 0.077 0.065 0.064 0,082 0.079 0.076 0.084 0.07% 0.079%. 0.072 0.072 0,080 0.079 0.068 0.066 0,111 0.112
by 0.999 0.999 1.000 1,000 0.999 0.999 1.000 1.000 0.999.0.999 0.99% 0,999 0.998 0.998 ©.995 0.996 1.000 1.000 0,985 0,%66
[7% 0.99% 0.99% 1,000 1.000 0.99% 0,999 1.000 1.000 0.995 0.999 0.999 0.999 0.998 0.9%8 ©.995 0.996¢ 1,000 1.000 0,985 O, 98’5 E

a = .05, %W " 4007; a= .10, E,P - .GDQ, ’A
L L o - : o o
Conditions: (1) aqual n's - squal o?'s (2) equal n's unequal o2's (3) unequal n's = equal o2'g (4) unequal n's = unegusl o?'s (positively
related) (3) unequal n's = wnequal o?'s (negarivaly related). B :
ae
1 L

q
¥, Maximum contrast; ¥1; 2nd largest contrast(a); ¥yyp Ird largest contrast(s); #;y Sth largest contrmst(s)i ¥, 5th lsrgest contrast(s); - -
¥, 411 contraata, . B . o g ) ) -




TAMLE 7
(H) AMD xnER (K) WAL : o
:67 o-UNIT yEAN DIFFERENCES FOR EIGHT TREATHENT LEVELS wiEk DEVIATNOM FROM ZERO 13 CONSIDEKED

HOMTE CARLO TYPE 11 EXPERIMENTWISE ERRORS FOR THE HARMONIC MEAN
FORMS OF THE TUKEY STATIETIC HAVING

, CONDLTION® ,
: NORMAL DISTRIBUTION ’ EXPORENTIAL DISTRIBUTION
1 3 .5 1. 2 3 4
i " K H. K ] K i 4 B K 2 14 X k- ®H x .4 4 B
¥ 0.000 ©.000 ©0.000 0.000 0.000 0.000 0,000 0.000 0.000 0,000 0,000 0.000 0.000 0,000 B.000 0.000 0.000 0.000 0.000 .00
Y11 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.002 0,002 G.00 ' 0.000 ©.002 0.002 ©.600 0.006 0.00%
Y111 0,005 0,005 0.007 0.007 0.003 0.004 -0.010 '0.010 0.007 0.010 0.0.5 0.015 0.008 0.008 ®.o2k 0,023 0.010 oma 0.05% .0.059
ne 7 ::1\? 0.144 0. 44 0.130 0,130 0.158 0.156 0.166 0.165 0:143 0.154 0.170 0.170 0.125 0.129 ©.194 0.203 0.143 o.
v 0.813 0,813 09,777 77 0.805 0.802 0.828 0.827 0.744 0,741 0.700 0.700 0.680 0.480 @700 0.709 0.702. 0.69 2
¥t 0.998° 0.998 0,999 1.000 1,000 1,600 1.000 1,000 1,000 0.996 0.9% 0.996 0.996 0.993 0.991 1,000 1.000-  0.975 0.973
Y11 1.000 1.000 1.000 1.000 1.000 1.000- 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 “1,000 1.000 - 1.000
Y 1.000 1,000 1,000 1.000 - 1,000 1,000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 2.000 1.000 (1.000 1.000° 1,000 1.000
¥ 0.000 0.000 0.000 0.000 0.000- 0,000 0.000 0.000 0.000 0,000 0.000 0,000 0.000 -0.000  .000 0.000 0,000 0,000 0.000 - 0.000
» Vi 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 ©.000 0.000 0.000 0.000 0,000 0.000
= Vorr 0.000 0.000 0.000 0.000 -0.000 0.060 0.000 0.000 0.000 0,000. 0,000 0.000 0.000 -0.000. G.000 0.080 0.000 0.000 0.000 . 0,000.
' omee Yy 0.000 0,000 0.001 9,00 0.000 0.000 0.000 0 0.000 0,000 0.000 0.001 0.001 0.001 0,001 £.001 0.001 0.000 0.000° 0,00k - 0,00k
. vy 0.026 0.026 0.032 0.032 0.0l18 0.018 ¢ 93 053 0.053 0.046 O .032 0,033 .
Yoy 0.864 0,864 0.848 0,848 - 0.825 0.820 .83 .763 0.763 o0. 5 0.7 - 790 726°
. 1.000" 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 2.000 1.000 1.000 1.000 1.000 - 1.000
v, - 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000 '1.000 1.006 1000 1.000 1.000° 1.000 1.000 1,000
Yy 0.000 0.000 0.000 0,000 0.000 0.000 0.000° 0.000 0.000 0.000 0.000 0.000 0,000 0.000 B.0D0 0.000 0.000 0.000 0.000 -0.000
Yy 0.000 0.000 0:000.0.000 0.000 0,000 0.000 0.000 0.000 6,000 0.060 0.000 0.000 0.000 ©.000 0.000 0.000 0.000 0.060 0.000°
Yepg 0.000 0.000. 0.000 0.000 0.000 0.000 0.000 0.000 0.000° 0.000 0.000 0.000 0.000 0,000 ©.000 0.000 0.000 0.000 0,000 9,000
n=2s hy 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.006 ©.000 0.000 0.000 0.000 0.000 0.000
¥ 0.000 0.000 0.000 0.000 0.000 0.000 ©0.001 0.001 0.000 0,000 0:001 0.00L 0.001 0.001 ©.000 0,000 0.000 0.000 0,007 0,007
Y1 0.249 0.249 0.244 0,264 0,234 0.238 0,270 0.267 0,232 0.238 0.261 0.261 0.211 ©.211 ©.259 0.257 0.247:0.245 0.286 0.286
" Wy 1.000 '1.000 1,000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000 1.000° 1.000 1.000 3.000 1.000 1.000 1.000 1.000 1.000
" 1,000 1.000 1.000 1.000 1.000 1.000 1,000 1.000° 1,000 1.000 1.000 1.090 1.000 1.000 2.000 1,000 1.000 1.000° 1,000 1.000
v 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©.000 0,000 0.000 0.000 0,000 0.000
. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002. 0.000 0.000 ®.003 0.003 0.000 0.000 0,006 0.006
Virp 0.002 0.002 0.004 0.004 0.000 0.000 0.005 0.904 0.005 0.005 0.01k 0.01% 0.006 0.006 O.016 0.015 0.00% 0,004 0.032 ©0.030 °
oy 0,067 0.067 0.079 0.079 .0.072 0.076 0.084 .0.092 0,984 0.096 0.131 0.1% 0.089. 0.089 ©.118 0.123 0.102 0.096 0.15h 0.13
e vy 0.674 0,674 0,645 0.645 '0.661 0.660 0.697 0.691 0.626 0.627 0.585 0.585 0.567 0,587 O.Skk 0.545 0,602 0.600 0.553 .0
o Wp 0 0.999 0.999 0.997 0.997 0.999 0.999 0.999 0.999 0,994 0.994 0.981 0.981 0.992 0.992  ©.963 0.963 0.995 0.995 0.967 0.96!
[, 1.0001.000 1.000 1.000 1.000 1.000 1.000 1.000 1.060 1,000 1.000 1.000 1.000 1,000 3.000 1.000 1.000 1,000 1.000 1,000
A 1,000 1.000 1.000 1.000 '1.000 1,000 1,000 1.000 1.000 1,060 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000 1.000.
v 0,000 0.000 0.000 0,000 0.000 0.000 0.000 0.000. 0.000 ©0.000 0.000 0.000 0.000 0.000 ©.000 0.000 0,500 o.bocra.oc_m; 0,000 -
Vrp 0.000 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00¢ 0.000 0.000 ©.006° 0.000 G000 0.000 - 0:000 0.000
. . 0.000 - 0.000 0.000 0.000 0.000 0.000 0.000> 0,000 0.060 0.000, 0.000 0.000 "0.000 0.000 .000 °0.000 0.060 0.000 0,000 0.000
8 v 0.000 0.000 0.000 0.000 0.000 .6.000 0.000 0,000 0.000 0,000 0.000 0.000 0.000 0.060 BD.000 0.000 0,000 0.000 0,000 '
. vy 0.01z 0.012° 0.019 0.019 0.013 0.013 0.024 0.072 0.010 0.010 0.025 0.025 0.026 0.026 . ©.027 0.028 0,023 0.023° 0,0kk
* Yor 0.699 0.699 0.668 0.668 0.685 0,688 0.698 0.697 0.683 0.684 0.6b8 0.648 0.617 0.617 D.628 0.632 0.672 0.668 0.587
Vyry 1.000 - 1.000 1.000 1.000 1.000 1.000 1.000- 1,000 1.000 1.000 1.000 1,000 1.000 1,000 1.000 1.000 1.000 1.000 1.000
A 1.000 1,000 .1.000 1.000 1,000 1.000 1.000 1:000 1.000 1,000 1.000 1,000 1.000 1,000 1.000 1.000 1.000 1,000 1,000
% 0.000 0.000 0,000 0,000 0.000 0.000 :000 0.000 0.000 0.000 0.000 0,000 0.000 0,000 ©.000. 0.000 0,000 ‘0,000 0.000- 0
¥y 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0,000 0.000 0.000 0,000 . ©.000 0.00% A.000 - 0.000 0.000 -
Y1y 0-000 0,000 0.000 0.000 0.000 0.000- 0.000 °0.000 0.000 0.000 0.000 0.000 0.000 - 0,000 D.000 0.020 0.000 0,000 0.000
m23 ¥,y - 0,000 0,000 0.000. 0.000 0.000 0.000 0.000 0.000 0,000 -0.000 0.000 0.000 0.00Q 10.000 ©.000° 0.000 0.50C 0,000 0.000
! ¥ 0.000 0.000 0,001 0.001 0.000 0.000 0.000 0,000 0.000 0.000 £.000 0,000 0.001 0,001 ©.000 0,000 0.001 0.001 0,007 ¢
Yoy 0.145 0.1i5 0,159 0.159 0.156 0.158 0.157-0.152 0.i83 0,186 0.181 0.18L 0.165 0.165 ©.161 70,180 0,173 0,168 0.211 0,21
Yur1 1.000 1.000 1,000 1.000 1.000 1,000 1.000 1.000 1.000 1.000 1,000 1,000 1.000 1.000 1.000 1.000 1.000 1,000 ~1.000
¥ 1,000 1.000 1.000 1.000 1.000 1.000° 1:000 1.000 1.000 1,000 1.000 1,000 1.000 1.000 X.000 1.000 1.000 1,000 1,000 0
a® .05, 0 = .00% ae.10,q ‘ }
‘E@dit;ﬁﬁ: (1) agual n * = equal o?'s ) lqu-l n's uﬂéﬁuil ol's (3) maqull n's = -quﬂ u" (A) mq-ﬂ n's = unaqul u'*“- (pnui:i
Q - Cradeced). (5) mnqul n's T l' (ﬁ:;;ti\nlg ﬁll:mﬂ. . : .
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