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An Analyssmethodtoimprovesatistical efficiency of arandomized
complete block design')
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Summary

A procedure, caled the "moving average" method is
described whereby statistical efficiency can be made as
high for experiments following randomized complete block
designs as for those following more complex lattice or
incomplete block designs. Briefly, the procedure is to con-
sider each plot in relation to few d its neighbors and adjust
its mean according to the performance o those neighbors.
The method is most useful in experiments having large
blocks with large amounts o within-block variation and
effectively converts them into experirnents consisting o
numerous small, uniform blocks. As used in five planta-
tions, the moving average method reduced error sums of
squares by 30—50% and changed seedlots means by 0—16%.

Key words: Moving average method.
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Zusammenfassung

Ein Verfahren, bezeichnet als,,moving average“-Methode,
wird beschrieben, nach dem die Auswertung von randomi-
sierten vollstandigen Blockanlagen mit gleich hoher stati-
stischer Effizienz moglich ist wie digenige von den kom-
plexen lateinischen oder unvollstéandigen Blockanlagen. Bel
diesem Verfahren wird jede Versuchsparzelle mit wenigen
Nachbarzellen in Beziehung gebracht und das Parzellen-
mittel entsprechend korrigiert. Diese Methode eignet sich
besonders fur Versuchsanlagen mit grof3en Blocks und gro-
Rem Variationsanteil fir die Ursache ,,innerhalb Blocks"
und wandelt diese in zahlreiche kleine gleichmél3ige Blocks
um. Durch die Anwendung des beschriebenen Verfahrens
wurde bei der Auswertung von 5 Versuchsanlagen mit
Pinus resinosa-Herkiinften die Summe der Abweichungs-
quadrate fur den Versuchsfehler um 30 bis 50% verringert.
Die Herkunft-Mittelwerte anderten sich dabei um 0—16%.

Introduction
A randomized complete block design, in which each seed-
lot is reprsented by one plot in each block, is the simplest
replicated design to install and analyze. In large experi-
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ments, lattice or incomplete block designs in which block
size is limited, may be much more efficient statistically.
They are, however, much more difficult to install and
analyze. The present paper describes a technique by which
statistical efficiency can become as great for a randomized
complete block experiment as for experiments involving
more sophisticated designs.

The proposed method involves extra work, so its use is
justified only in certain circumstances. I will describe a
plantation in which it proved very useful. This is an 83-
seedlot provenance test of red pine (Pinus resinosa) estab-
lished in 1963 in northern Michigan by Maurice W. Day.
The plantation follows a randomized complete block design
with 10 replications, 4-tree row plots, and a single border
row surrounding the experimental trees, and an 8 X 8 ft
(2.4 X 2.4 m) spacing. The blocks were contiguous and as
nearly square as possible. The plantation (excluding border
rows) was 113 rows (896 ft = 274 m) long north-south and
24 trees (184 ft = 56 m) wide east-west.

The planting site was a level old field believed to be uni-
formly favorable for the growth of red pine. There were
some bare-soil areas near the north end as the result of
wind erosion but elsewhere the ground cover was light and
uniform. Growth was uniform and good in an older red
pine plantation 30 ft to the west.

The planting site proved to be generally favorable but
not uniform. Within 3 years of planting there were pro-
nounced north-south differences in foliage color and
growth rate. As of 1977, 15 years after planting, average
height varied from 16 ft (4.9 m) at the north end to 26 ft
(7.9 m) at the south end.

The problem would have been minor if the site-induced
differences in growth rate had been smaller or had followed
block boundaries. In that case, ordinary calculation methods
would have sufficed, as between-block differences would
have been substracted from the error sum of squares in
calculating the analysis of variance. That was not the
case, however. There were slight gradients in site quality
at the ends of the plantation and very abrupt differences in
the middle. Some of these abrupt differences occurred in
the middle of a block. In block 5 for example, one tier of
12 plots averaged 49% taller than another tier 32 ft (10 m)
to the east.

The problem was serious, and led to the development of
a technique for improving the statistical efficiency of a
randomized complete block design. The procedure, which
may be called the “moving average method” is described
in this paper.

Description of the “Moving average Method”

Briefly, the procedure is to consider each plot in relation
to a few of its neighbors, thus converting an experiment
consisting of a few large blocks into one containing numer-
ous small blocks. Detailed steps follow.

(a) Measure heights and record plot means on field data
sheets.

(b) Prepare table summarizing height by seedlots and
block, compute seedlot totals and means. Up to this point
the procedure is the same as for an ordinary analysis of
variance.

(c) Prepare another table following the same format as
in (b) above and insert the deviation of each plot from the
seedlot mean.

(d) Return to the field data sheets and insert these devia-
tions for all plots, paying attention to the sign of each
deviation.

(e) For a particular plot, calculate the average deviation
for the two®) plots on either side. For example, to obtain
the average deviation applicable to the 11th plot, calculate
the total deviation for plots 9, 10, 12 and 13, then divide the
total by 4. Near the plantation’s edge the average deviation

3) The average deviation can also be based on the one or three
of four plots on either side of the one in question.

must be based on two or three rather than the desired four
neighboring plots. That is, base the average deviation for
the first plot on plots 2 and 3; for the second plot on plots
1 3 and 4. For convenience, round off each average devia-
tion to the nearest whole number; this usually has negli-
gible consequences.

Each average deviation is a measure of the site quality of
a small “block” applicable to but not including the plot in
question.

(f) Reverse the sign of each average deviation, converting
it into a correction factor, and add that factor to the actual
mean for each plot. This effectively causes the entire plan-
tation to be considered as of uniform site quality.

(g) Insert the corrected plot means into a third table
following the same format as in (b) above, again sum-
marizing height by seedlot and block.

(h) Calculate sums of squares and mean squares in the
normal manner, with degrees of freedom as shown below:

Source of variation Degrees of freedom

Seedlot No of seedlots — 1
Regression on site quality 1

Total Total no. of plots — 1
Error Remainder

The block sum of squares is ignored because the correc-
tion factor eliminated differences among blocks. Mathe-
matically, the correction procedure amounts to calculating
each plot mean as a deviation from the regression line ex-
pressing site quality, with 1 degree of freedom subtracted
for the regression.

Time required and statistical consequences

Doing all calculations by hand or with a small desk cal-
culator, use of the moving average method requires about
three times as much time as an ordinary analysis of vari-
ance. For the 83-seedlot, 10-replicated red pine provenance
test, 6 hours were required. Parts of the procedure (steps b,
g and h above) can be done by computer, using presently
available programs. Programs could be written to handle
the entire procedure by computer if there was enough
demand.

Presumably the seedlot means calculated after the ap-
plication of the correction factors are better estimates of
the seedlots’ true growth potentials than are the actual
means. The most important genetic consequence is the
change in seedlot means caused by the correction process.
In the red pine experiment, the changes were:

40 means were changed by 0— 4%
35 means were changed by 5— 8%
3 means were changed by 9—12%
5 means were changed by 13—16%

Due to shortages of planting stock, some seedlots were
omitted from some blocks, and the experiment included only
768 instead of the planned 830 plots. Thus, some seedlots
were underrepresented and their means were changed the

Table 1. — Comparison of analyse of variance performed on
actual (Act.) and adjusted (Adj.) data derived from 1973 measure-
ments of height of a red pine provenance test.

Source of variation Degrees of
freedom

Sums of squares Mean squares F valuea

Act. Adj. Act, Adj. Act. Adj. Act. Adj.
Seedlot 82 82 8,690 8,479 106 103 1.7 3.2
Block 9 - 36,698 -- 4076 -
Regression on site - 1 -- 56,683 56,683
quality
Error 676 684 41,518 21,744 61 32
Total 767 767 86,906 86,906
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most. However, there were large changes for seedlots re-
presented in all 10 blocks. Overall, the changes in seedlot
means seemed well worth the extra effort involved in the
adjustment calculations.

The other important consequences concerned the analysis
of variance (Table 1). In the red pine experiment, the ad-
justments had little effect on the seedlot sums of squares
but reduced the error sum of squares by almost 50%. As
a result, the F value for seedlot rose from a barely signifi-
cant 1.7 to a respectable 3.2, and the coefficient of variation
was reduced to 10% of the mean.

General Applicability

The moving average method has been used with data
from four other plantations having pronounced site dif-
ferences within and between blocks. In each case, the im-
provement in statistical precision was considerable al-
though not as marked as in the red pine provenance test.
The method has also been tried with data from plantations
without obvious large differences in site quality within
blocks. In such cases, the adjustments amounted to random
changes in plot means and had little effect on seedlot
means, sums of squares or mean squares. In other words,
unwarranted use of the proposed new method has done
neither harm nor good.

Effectively, the moving average method causes an ex-
periment such as the red pine provenance test to be con-
sidered as consisting of a very large number of small, in-
complete blocks. Statistical efficiency becomes just as great
as if a very efficient lattice or incomplete block design had
been used when the experiment was installed.

In Michigan there are approximately 250 replicated gene-
tic test plantations, of which 5 need to be analyzed by the
rather laborious moving average method and the remain-
der can be analyzed by the simpler methods applicable to
the randomized complete block design.

It would have been possible to achieve high statistical
precision in all plantations by routine use of balanced in-
complete block designs. However, the extra effort would
have reaped commensurate benefits only 2% of the time.
Availability of the running average method makes it pos-
sible to use simple designs but attain the high precision
inherent in the more complex designs if there is a need.

I requested views as to the legitimacy of the moving
average method from three trained statisticians. One had
reservations but the other two considered it valid. The one
with reservations considered it preferable to base the height
adjustments on some measure of site quality rather than
on height itself. In other words, he favored analysis of
covariance.

Multivariate Classification in Provenance Research

A comparison of two statistical techniques”

By E. R. FaALkeNHAGEN and St. W. Nasu

Forest Research Institute, (P.O. Box 727)
Pretoria, Transvaal, South Africa
and
Department of Mathematics
University of British Columbia
Vancouver, British Columbia, Canada
respectively.

(Received June 1976 / January 1978)

Summary

The relationships of two kinds of multivariate statistical
analysis are discussed and illustrated with data from a
forest tree provenance study. Canonical correlation ana-
lysis of the biological data, taking into account geographi-
cal data, separated provenances and ecological regions more
effectively than did canonical variate analysis (discriminant
analysis). In each case Mahalanobis distances between
provenances could be calculated. Distances under the first
analysis were greater than under the second, but the pat-
tern was fairly consistent from one analysis to the other.
Key words: Picea sitchensis (Bonc.) Cargr., provenances, canonical

correlation analysis, discriminant analysis, Mahalanobis
distance.

* This paper grew out of research for a dissertation in partial
fulfillment of the requirements for the degree of Doctor of Philo-
sophy in the Faculty of Graduate Studies, University of British
Columbia, by the first author.
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Résumé

Titre: Classification multivariable en recherches sur les
provenances d’arbres forestiers: comparaison de deux tech-
niques statistiques.

Les relations entre deux analyses statistiques multi-
variables sont discutées et illustrées a l'aide de données
accumulées lors d’un test de provenances d’arbre forestier.
L’analyse des corrélations canoniques des données biologi-
ques, tenant compte des coordonnées géographiques, a sé-
paré les provenances et les régions écologiques de facon
plus effectice que ’analyse de variables canoniques (ap-
pellée aussi, analyse discriminante). Dans tous les cas, les
distances de Mahalanobis entre les provenances ont pu étre
calculées. Lors de la premiére analyse, les distances s’avé-
rérent plus grandes que lors de la seconde, mais leur re-
lations restérent passablement constantes d’'une analyse a
l'autre.

Zusammenfassung
Titel: Multivariable Klassifikation in der Herkunftsun-
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