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Application of ANCOVA Model for estimation of missing observation(s)
and adjusted treatment means in split plot layout
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ABSTRACT

In agriculture, split plot experiments are becoming very popular among the researchers to quantify the responses of many
factors through a single experiment. But sometimes, data loss in an experiment leads to major problem for analysis of experiment.
Proper estimation of these missing observations from the data set leads to restore the orthogonal property of the designed
experiments. The present study aims to apply the ANCOVA model in split plot layout with missing observation(s) as well as to
compare different treatment mean values on the basis of adjusted mean values using regression coefficients of concomitant
variables on response variables.The application of the above model for estimation of missing values (single and two) and
analysis methods are showing very optimistic results in the field experiments on four yield parameters of maize during 2017-18.
The absolute difference between the estimated missing value and the actual value is negligible in most of the cases. Moreover,
the analysis by ANCOVA model with one and two missing observations shows that the adjusted treatment means along with their
first order interactions (Federer, 1975) are same with the original data set which contains no such missing observations.

Keywords: Adjusted treatment mean, ANCOVA, missing observations and split plot technique

Sometimes missing observations or presence of
outliers create major information loss of any scientific
experiment which leads to inaccurate variances. The
analysis of missing plot technique follows some popular
methods like principles of least square, method of fitting
constants, analysis of covariance or ANCOVA, method
of iteration etc. Among these, ANCOVA is a widely
accepted method (Coons, 1957) because firstly, some
unexplained variance can be explained in terms of
covariates and within-group error variance can be
reduced. Secondly, ANCOVA is ideally suited to remove
the bias of any variable which influence the measures
of dependent variable. The main objectives of this study
are to apply the ANCOVA model on the field
experiments in split plot lay out with single as well as
twomissing observations and to compare different
treatment mean values (main plot, sub plot and
Interactions) on the basis of adjusted mean values using
regression coefficients of concomitant variables on
response variables.

Cochran (1957) described the application and the
standard guidelines for ANCOVA in a special issue of
Biometrics. In the same issue, Coons (1957) discussed
the application of ANCOVA model for estimation of
missing observations in multifactor experiments. Almimi
et al. (2008) reported that inserting estimates for the
missing observations from split-plot designs restore their
balanced or orthogonal structure. Federer (1975, 1977,

1992) in different studies discussed the computational
procedure of adjusted treatment means' main effect and
interactions.

MATERIALS AND METHODS
The crop maize (Variety: Shrestha) was cultivated

in the Instructional farm, Jaguli, Bidhan Chandra Krishi
Viswavidyalaya for the years 2017-18. A split plot design
with three factors : (D) Date of sowing, (S) Spacing
and (N) Dose of nitrogen was performed for this study.
Where the different dates of sowing (D1, D2, D3) is used
as the whole plot factor and the factorial combination
of spacing (S1, S2, S3) with different doses of nitrogen
(N1, N2, N3) was plotted as sub plot factor. Green cob
yield data at harvest were recorded as dependent
variable. Single and two missing observations, both the
cases were considered and analysis was performed
following Coons (1957).

For single missing observation
Determining the dependent variable Y, insert the

value of zero in all of the cell where the observation is
missing. For one missing value we have constructed only
one concomitant variable X such as : X = 0  iff  Y 0,
X = -n iff  Y = 0

Here -n is choosen because it easily makes the sum
of squares of the concomitant variable to n×degrees of
freedom. The ANCOVA table for one missing
observation consisting of three factors are given in
table 1. The levels of D, S and N are p, q and s,

Email: mriganka.19@gmail.com

Journal of Crop and Weed, 16(3): 198-202 (2020) ISSN- O : 2349 9400 ; P : 0974 6315

h t tp : / / cwssbckv.o rg
www.cropandweed.com



199J. Crop and Weed, 16(3)

respectively and the number of replication is r. The
computational procedure of analysis of the covariance
automatically provides unbiased tests of
significance.The regression coefficients for main plot
and sub plot factors are estimated by the following
formulae :

  and  

Now to estimate the missing value , multiply this
estimate of the regression coefficient by n :

The following formulae of Federer (1975) are used
to calculate the adjusted means :

Adjusted treatment means for main plot treatment :

(i) For factor D : 
Adjusted treatment means for sub plot treatments:

(ii) For factor S : 

(iii) For factor N : 
First order interactions of three main treatments
(D, S and N):

(iv) adj.

(v)  adj.

(vi) adj.

or,  

Table 1: ANCOVA table for one missing observation
S.O.V. d.f. Sum of products Adj. d.f. Adj. Sum  of Mean

YY YX XX squares Square
(adj. YY)

Replication(R) (r-1) Ryy Ryx Rxx
Factor D (p-1) Dyy Dyx DAxx (p-1) Dyy (adj.YY/
Error (I) (r-1)(p-1) E(I)yy E(I)yx E(I)xx (r-1)(p-1) E(I)yy adj. d.f.)
Factor S (q-1) Syy Syx Sxx (q-1) Syy
D × S (p-1)(q-1) DSyy DSyx DSxx (p-1)(q-1) DSyy
Factor N (s-1) Nyy Nyx Nxx (s-1) Nyy
D × N (p-1)(s-1) DNyy DNyx DNxx (p-1)(s-1) DNyy
S × N (q-1)(s-1) SNyy SNyx SNxx (q-1)(s-1) SNyy
D × S × N (p-1)(q-1)(s-1) DSNyy DSNyx DSNxx (p-1)(q-1)(s-1) DSNyy
Error (II) p(r-1)(qs-1) E(II)yy E(II)yx E(II)xx p(r-1)(qs-1)-1 E(II)yy
Total pqrs-1

For two missing observations
At first, consider the original data as the dependent

variable Y and insert the value of zero in the cellswhere
the observations are missing. Then define a concomitant
variable Xm for each missing observation, where:

Xm = 0 iff  Y0 and Xm = -n iff  Y = 0 for m = 1,2.
For the conminant variable -n is chosen because it

simply leads to the consequence that the sum of squares
for the concomitant variable is equals to n × degrees of
freedom. The computations required to obtain the sum
of products XmXn and XmY, since each Xm is
associated with a single missing value and therefore has
only one non-zero cell. Now to get the estimates of the

regression coefficients for main plots and sub

plots , solve these four equations given below :

E(I)X1X1
+E(I)X1X2

= E(I)X1Y

E(I)X2X1
+ E(I)X2X2

= E(I)X2Y

E(II)X1X1
+ E(II)X1X2

= E(II)X1Y

E(II)X2X1
+E(II)X2X2

= E(II)X2Y

After getting the regression coefficients each missing
observation Yi is estimated by :

for m = 1 and 2.
Using the estimated regression coefficients, obtained

in the terms of   ,  ,  and , adjusted values of
all treatment means based on their individual
performances and their first order interactions can be
calculated.

RESULTS AND DISCUSSION
Here, in table-2, the results are given for the

experiment on green cob yield at harvest in 2017-18 for
single missing observation and two missing
observations. The observation of 2nd date of sowing
(D2) in main plot in combination of 3rd type of spacing
with 1st dose of nitrogen (S3N1) in sub plot in the 3rd
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replication (R3) is assumed as single missing
observation. The absolute difference is only 0.25, which
is nearly similar to the original data. Absolute difference
is calculated by the absolute value of difference between
estimated and original observation.The ratio of error
mean square between ANOVA and ANCOVA are 1.09
and 0.98 in case of error(I) and error(II)  respectively.
Where the ratio are too close to 1.00, indicate there are
more or less similar error in ANOVA and ANCOVA.But
the ratio more than 1.00 indicates error in ANOVA is
more than error in ANCOVA.  For two missing
observations, 2nd date of sowing (D2) in main plot in
combination of 1st type of spacing with 2nd dose of

nitrogen (S1N2) in sub plot in the 3rd replication (R3)
and 3rd date of sowing (D3) in main plot in combination
of 3rd type of spacing with 3rd dose of nitrogen (S3N3)
in sub plot in the 1st replication (R1) are assumed to be
lost. The absolute differences for the first and second
missing observation were only 0.31 and 0.81
respectively. It indicates that estimation is more or less
perfect for both the missing observations. The ratio of
error mean square between ANOVA and ANCOVA are
4.46 and 0.95 in case of error (I) and error (II),
respectively. So it is clear that analysis through
ANCOVA model for two missing observations has
shown excellent performance for error (I) and more or
less similar result for error (II) over ANOVA models of
the split plot design.

Table 2: Single and two missing observations’ estimation on green cob yield at harvest in 2017-18
No. of Estimated Original Absolute EMS(I) from ANOVA EMS(II) from ANOVA
missing missing data difference EMS (I) from ANCOVA EMS (II) from ANCOVA
obs. obs.
Single missing 33.25 33 0.25 1.09 0.98

Two missing 24.69 25 0.31 4.46 0.95
38.19 39 0.81

An attempt has also been made to see the overall
performance of the treatments for experiment without
missing observations and experiments with missing
observations. Table-3 present the adjusted mean values
of three main factors viz., Date of sowing (D), Spacing
(S) and Doses of nitrogen (N) of experiments and actual
or original mean values on green cob yield. The results
show that the actual positions of the treatments (date of
sowing, spacing and dose of nitrogen) for both the
columns of missing and original are same. The results
for single missing observation and two missing
observations on green cob yield are also shown in fig.1
and 2 respectively, for visual understanding.  Next, the
overall performances of the first order interactions of

three main treatments (D, S and N) for the experiment
without missing observations and experiments with
missing observations are presented in table 4. The results
also show that the actual positions of the first order
interaction of treatments (date of sowing, spacing and
dose of nitrogen) for both the columns of missing and
original are same. The results of the table for single
missing observation and two missing observations are
also shown in fig. 3 and 4, respectively for visual
understanding. Thus, it can be concluded that the present
methodology for analysis with missing observation does
not make any unjustified result for individual effect as
well as interactions also.

Table 3: Individual effect of all treatments on green cob yield at harvest in'17-18 (t ha-1)

Treatment Adj. mean from Adjusted mean from Original mean from
ANCOVA (single missing) ANCOVA (two missing) ANOVA

D1 26.262 25.956 26.704
D2 29.401 29.170 29.741
D3 25.929 25.319 26.370
S1 21.330 20.953 21.741
S2 24.701 24.335 25.111
S3 35.562 35.157 35.963
N1 25.117 24.742 25.519
N2 26.700 26.323 27.111
N3 29.774 29.379 30.185
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Fig. 1: Adjusted mean values of three main treatments individually for green cob yield at harvest in 2017-
18 in split plot layout for single missing observation

Fig. 2: Adjusted mean values of three main treatments individually for green cob yield at harvest in 2017-
18 in split plot layout for two missing observations

Fig. 3: Adjusted mean values of first order interactions of all the treatments for green cob yield at harvest
in 2017-18 in split plot layout for single missing observation

Fig. 4: Adjusted mean values of first order interactions of all the treatments for green cob yield at harvest
in 2017-18 in split plot layout for two missing observations
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Table 4: First order interactions of all the treatments on green cob yield at harvest in 2017-18 (t ha-1)
Treatment Treatment Adj. mean from Adj. mean from Original mean from
interaction combination ANCOVA ANCOVA ANOVA

(single missing)  (Two missing)
D × S D1S1 19.448 19.141 19.889

D1S2 24.448 24.141 24.889
D1S3 34.892 34.585 35.334
D2S1 24.207 23.962 24.556
D2S2 27.540 27.330 27.889
D2S3 36.457 36.219 36.778
D3S1 20.336 19.756 20.778
D3S2 22.114 21.534 22.556
D3S3 35.336 34.666 35.778

D × N D1N1 24.336 24.030 24.778
D1N2 25.448 25.141 25.889
D1N3 29.003 28.696 29.445
D2N1 26.568 26.330 26.889
D2N2 29.762 29.518 30.111
D2N3 31.873 31.663 32.222
D3N1 24.448 23.867 24.889
D3N2 24.892 24.3116 25.334
D3N3 28.448 27.777 28.889

S × N S1N1 19.145 18.779 19.556
S1N2 21.034 20.633 21.445
S1N3 23.812 23.446 24.222
S2N1 22.478 22.113 22.889
S2N2 23.812 23.446 24.222
S2N3 27.812 27.446 28.222
S3N1 33.728 33.335 34.111
S3N2 35.256 34.890 35.667
S3N3 37.701 37.245 38.111

In most of the cases of estimation of missing
observation(s), the absolute difference between the
original and estimated values are very negligible. It is
also observed that the ANCOVA model is very much
useful and relevant to the present study. Error (II) term
also reduces in case of ANCOVA model than ANOVA.
The adjusted mean values of the effects of different main
factors and interactions for missing observations by
ANCOVA model are also showing similar trend with
that of the original mean values for no missing
observation.
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