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-~ % Analysi§oNCombined Data for Identical

// > . ﬁ licated Experunents :

' By E. B. RQESSV}R and L. D. Leacs, University of California,

. 4&."\ . Davis, Calif.
%ER?QUENTL:‘Y\% tder to test the merits of different varieties or
htreatmegts: aj/each of several locations and also to investigate

. tment differences for the combined data, identical
N Yrepticat periments are conducted at the several locations._ .
S H-0TiC is interested only in variety or treatment differences for these
particular locations, not considered as a sampling region, then only
the error variance for each location and variety or treatment totals are’
necessary for a combined analysis. In this paper is outlined a short
method for making such an analysis. - :
The analysis of variance is based on the assumption that the experi- .
mental errors to which the data are subject are independently and nor-
-mally distributed with the same variance, the latter restriction being
the most important. Sets of measurements may be validly combined
to estimate an experimental error for the pooled data if, and only if,
all sets may reasonably be expected to have the same variance, that
is if their variances form a homogeneous group. If the variances of the
original sets are homogeneous, then the sets may be considered as ran-
dom samples from the same population; but if the variances are not.
homogeneous, the original sets may not be considered as belonging to -
> the sanie population; and, therefore, the pooled or average error is
not really applicable to any of the original sets. Methods for determin-
ing homogeneity of sets of data have been discussed by Neyman and
Pearson (1), Bartlett (2), and Roessler (3) ; and methods of combin-
" ing sets of data are given by Hayes and Immer (4) and Snedecor (5).
1f identical replicated experiments to tést the merits of various treat-
ments have been conducted at different locations, loss of information
may result unless the data are subjected to one or more combined
analyses. If only the effect of treatment is being considered and the
variation due to location and that due to interaction are of no interest,
the method of analysis consists of combining into a single analysis of
variance those experiments whose variances form a homogeneous set,
" and then selecting from the complete analysis that portion necessary
for testing the effect of treatments. The analysis can be divided into
the following parts: : B
: - I. Determination of the homogeneity of the set of location -
" variances. " : .
II7 Determination of significant treatment differences by
- “calculating an appropriate F-value. '
III. Determination of the difference between means of treat-
ments required for signjficance.
The procedure is outlined below.

& varigty ®r

PROCEDURE

k = number of locations
= number of seed treatments including control
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r = number of replications of each treatment at each location
vy = error variance at each location

m = number of degrees of freedom for each location error
. _ variance! S

v = average error variance for all locations.

. 1. The average variance v may be used to represent all the location
variances from which it is determined if, and only if, the location
variances form a homogeneous set. Homogeneity of the set of location
variances may be ascertained by calculating the following approximate
expression for chi-square, (X2): o
ST X2=23026 (m — 14) (k logiev — 3 logiovi)
with'k — 1 degrees of freedom. , o

If this leads to a significantly high value of X2, extremely high or
low location variances or both must be rejected until a non-significant
value of X2 is reached. Locations whose error variances have been
rejected cannot be included in the combined analysis. If many vari-.
ances must be rejected, it is better to group the data into two or more
:sets, the variances in each set being homogeneous. In this way all the -

"data are included. o
.11 Calculate the F-value for each group whose variances form a

; dprgénépus set as follows:

Fj_ﬁv'WIthS — 1‘degre'es' of freedom -
vy With o degrees of freedom . .

PR
ST

where v, is the variance between the means of treatments in the com-

‘bined analysis of variance and is given by the expression
PR . . N -y . . Lo S

et - o, (2 M)2 . Lo
Lo kr| 3 M2 — . .
Ve = ' where M is each treatment mean _
s—1 : »

V¢

for the combined data. :
.; - IIL If the F-value obtained above is not significant, no treatment
" differences exist. If F is significant, calculate for the combined data
. the difference between means of treatments required for significance,

1. e. .

v 2v ) - ' - '
d=t_| — where the value of ¢ depends upon km degrees of

kr ) o

freedom.

As an illustration the method will be applied to the 1942 data of
the cooperative lima bean-seed-treatment tests compiled by Dr. J. C.
Walker and conducted under the auspices of the committee for co-
ordination in Cereal and Vegetable Seed Treatment Research of the

'If one or two location variances are based on slightly different numbers of
degrees of freedom, no appreciable error will be made in assuming for them the
number of degrees of freedom of the rest of the set.
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American Phytopathological Society. The seed protectants Thiosan?
and Spergon were applied to seeds of the Fordhook variety. Tests
were conducted at 25 locations in 20 states. Each test consisted of five
replications of 100 seeds of each treatment and one untreated check.
- In Table I are given for each location the average seedling emergence,
the error variance, and its common logarithm.

TABLE I—SUMMARY OF LIMA BEAN Tssrs CONDUCTED -

et T e ON Foannoox VARIETY — 1942
. - ) - Average Number of Seedlings . i
i Locatlon co st rrion [Test 2 R ST Error | Log vi
. No. |’ . . . Variance
HE TR RO '; 157§ w0 reiafn i {3 Thiosan Spergon [ Check" 7
N.Y. (Staten Island) 16 [ 822 Ce— 66.6 211.4 2.3251
Texas. . 22 [»743.0. } 458 29.0 149.7 2.1752
Virginia 24 :80.4 .| - 84.6 70.0 78.4 1.8943
. T * 76.8 72.2 T 484 73.7 1.8875
Californ L |:79%6 ;812 [-740" |.705. | 18482
Connecticut.......... . 2% | 624 +:66.0 , 37.8. -.64.2 .. 1.8075
Miss. (Holly Spnngs) 11* 334 250 | 172 55.4 - 1.7435
Hlinois, . .......0 .. .-6% | ' 38.8 ‘494 ' 7.8 47.5 1.6767
S. C (Edlsto Station). 19* 44.6 54.2 - 25.0 - 42.5 1.6284
Vlrgmxa. P SN reva|- 23% 79.6 724 57.0 38.0 .. 1.5798
S.C. (Charleston) ........... SR 20* 80.4 87.8 43.0 30.8 1.4886
.Miss. (State College) .- 4 o10* 62.4 64.6 36.2 . 300 - 1.4771
Wisconsin (Madlson)_'.' 28% 816 - |* 80.0 616 ' 204 1.4684
Minnesota. . - -~ 8¢ .14.0 - | ' 23.8 8.2 225 1.3522
_Oklahoma ., a8+ | ‘738 | 736 | e36. | 202 _|. 13054
New Jersey 12 |.--87.2 718 74.6 18.6 1.2695
Ohio......... 17 720 76.2 750 | .16.3», A.2122
Mlss (Chrystal Sp g) 9 87.2 88.4 858 | 156" 1.1931
N.Y.(Geneva) . 113 73.0 L 67.4 67.4 14.5 '1.1614
Flon Beeir e e N B 79.2 870 78.8 13.7 1.1367
N.Y. Long Island)_ ..... o'l 890 84.6 -85.4 10.6 - 1.0253
West 1rglma 26* 85.6 90.8 84.0 99 . 0.9956 .
Georgia. . 4 816 76.8 73.0 RS O 0.8513
Maryland. . 7. 88.2 89.0 86.8 3.9 0.5911
South Dakota. 21 -~ 8.0 7.0 11.2 1.8 0.2553
Totals. . — - i—r — —_ 1076.2

35 3294

"Slgmﬁcant dxﬁerences between treatments were mdlcated by the analyses at these 1ocatlons

- oy _

e PROCEDURE S ,

3

I. Test for homogenezty of 'wmance
In the case of all the data, m = 8 k= 25 §=3,r= S

1076.2 -
v = ————5—,;—,430 log v = 16340 2 log vx = 35. 3294
X2=23026(m——/)(k10 v—-Elo v) ’

2.3026 (8 —'14)[25 (1.6340) — 35 3294]

(17.65)* (5.321) .- .

: 97.4 with 24 degrees of freedom :
Since this value exceeds the tabular value of 36.4 at the 5 per cent

level of significance, the variances are not homogeneous and the data

cannot be analyzed as a unit.

-

e

?The material deslgnated as Thiosan in these tests was later introduced com-
mercially under the name of Arasan.

*1t should be noted that in the approximation for X* the term 2.3026 (m—‘/;)
= 17 65 is a constant for all tests with m = 8
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An examination of the variances in Table I shows that those of
test 16 and 22 are considerably larger than those of the other tests.
If these two be rejected, the remaining tests may be analyzed for
"homogeneity. In this case m = 8 k=23,s=3r=5 -

715.1-

23 : »
 X2= (17.65) (34.3298 — 30.8291) = 61.8 with 22 degrees of -
freedom. . . : o "
For 22 degrees of freedom at the 5 per cent level the value of X2
not to be exceeded is 33.9; therefore the above set of variances is still
not homogeneous. The 11 top variances must be rejected for the re-
maining set to be homogeneous whereas the omission of tests 16 and
22 at the top and 26, 4, 7, and 21 at the bottom leave for the remaining
tests a value of X2 = 27.1 with 18 degrees of freedom. The value of
5 per cent level which must not be exceeded is 28.9. ) o
Therefore, in order to have one homogeneous set, the fewest vari- -
ances which can be rejected are the two at the top and four at the
bottom. The averages for the remaining 19 tests are shown in Table II. -

v =

=311, log v= 1.4926', 2 log vy = 30.8291

TABLE II—AveRAGES For 19 TEsts ForRMING -
A HOMOGENEOUS SET -

Average Number of Seedlings ) S e
Average Error
Variance ~

. Number of Locations
Thiosan l Spergon | Check

19 s e 67.1 | 69.0 - | 546 | . 364

11. Calculation of F-value.

[ (2 M)] o
kr| = M2 — — -
Vs - s : -

F = — where v, = _ -
v : - s—1

s M2= (67.1)2 + (69.0)2 + (54.6)% = '12,244.457’;
(X M)2  (67.1 + 69.0 + 54.6)2 SRR
s a 3 . »

19 (5) (12.244.57 — 12,122.16)

2

= 1212216

= 5814

Vs

5814 . .
= — = 160 with 2 degrees of freedum for v, and 152
364

degrees of freedom for v. From a table of F-values at the 5 per cent
level of significance F = 3.06; and, therefore, significant differences
between the means of treatments are indicated.
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III. Determination of the difference between means required for
significance

- kr

For km = 19 (8) = 152 degrees of freedom at the 5 per cent level
of significance t = 1.98. Therefore

2 (3644) ‘ .
d=198 [ °_- 17 seedlings.
19 (5) .-

At the 5 per cent level both seed protectants are significantly better
than the control and Spergon is better than Thiosan. ' o
- The above analysis required the rejection of six of the 25 tests. Ob-
viously the fewer tests that need be omitted the more representative
are the results. Therefore, in order to avoid rejecting tests we will
indicate a second method of procedure in which the tests will be
grouped in homogeneous sets. Since the error variance of test 16 is so
extremely high, and since some of the data of this test are missing,
it will be omitted from the analysis. ) : - -

The remaining tests will be more or less arbitrarily separated into-
two groups, one made up of 12 tests with greatest variance (22-28
inclusive in Table I), and the other, the remaining 12 tests (8-21
inclusive). Homogeneity-of-variance tests for the two groups lead to
the values X2 = 10.8 and 17.2 respectively with 11 degrees of free-
- dom. The value at the 5 per cent level not to be exceeded for homo-

geneity is X2 = 19.7; and, therefore, the variances for each group
form a homogeneous set. In Table III are indicated the data for the - .

two groups.

TABLE III—AVERAGES For DATA SEPARATED INTO Two
HowMocEnEOUs Groups

) Average Number of Seedlings
Group Number of Average Error.
. Locations 3 Variance
Thiosan Spergon Check _
) 12 63.57 65.27 43.92 : 6§59.2
2.0, 12 68.23 69.70 66.15 12.9

- For group 1, F = 8448/59.2 = 143, and for group 2, F = 14.8 with’
2 degrees of freedom for v, and 96 degrees of freedom for v. At the 5

- per cent level of significance F = 3.09; and, therefore, significant

- differences between the means of treatments are indicated for both

groups. At the 5 per cent level the difference between means required

for significance"is 2.8 seedlings for group 1 and 1.3 seedlings for
group 2. In both cases the increase in the number of seedlings due to
*the use of either of the seed protectants is significant, but only in the

- second group is Spergon significantly better than Thiosan.
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‘® - <t v CONCLUSION

- Either combined analysis indicates that for these particular tests
seed treated with either Thiosan or Spergon produced significantly
larger stands of seedlings than did untreated seed. In the first analysts
and in the second group of the second analysis Spergon appeared to
be a better seed protectant than Thiosan at the dosages tested. The
second analysis (grouped data)‘is preferable since it includes all the
data (except test 16). RS PRI RIS PR

In 12 of 25 locations individual analyses indicated no significant
differences between treatments and control, but either combined an-
alysis indicates differences not apparent in the individual tests,

In general, if the entire set of seed-treatment data is not homo-
geneous, it can be separated into one or more groups having relatively
high variances indicating that the infestation has been extremely vari-
able and into one group of relatively low variance indicating fairly
uniform but usually a low infestation. "A Eombincd:analys_isff‘di;_'thi‘s
latter group will often indicate significant differences not apparent in
the individual analyses. In any set of identical replicafed experiments
conducted at_different Jocations’ such loss of information may result

’ - - .

unless the _‘dé'tg_iaré;'fsﬁljjc"(ited to some sort of combined analysis.’
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