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JOURNAL OF 
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OPTIMAL AND/OR 
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OVER DESIGNS 

BALANCED FOR 
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STATISTIC
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STATISTIC
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ABSTRACT
Several fields, such asbiological,medical, public health, agricultural sciences, etc., require circular
balanced repeated measurement designs with fewer unequal number of repeated measure-
ments than the number of treatments. Also, the availability and high cost of experimental
subjects in these fields prefer the design in fewer experimental units. However, balancing the
carryover effects of the treatments in minimal experimental subjects is one of the problems in
this case. In this paper, several new series of minimal circular nearly strongly balanced RMDs in
periods of two and three different sizes are constructed. The proposed construction of designs
has high efficiency and, therefore, can save the cost of experimentations due to a fewer exper-
imental subjects. Most of the designs are very useful because of the unavailability of strongly
balanced RMDs for these combinations of parameters. A list of sets of shifts for the construction
of minimal circular nearly SBRMDs has also been mentioned in the Appendix.
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1. Introduction

Experimental design deals with the arrangement of experimental units and the assignment of treatments to them
in such a way that the comparisons among the treatments are unbiased and as precise as possible. The preci-
sion of the experiment depends to a large extent on the size of the experiment and the variations present in the
experimental units. In designing experiments, keeping in view the limitation on experimental resources, efforts are
made to minimize standard errors of estimated contrasts of interest. Mostly error variation arises because of the
variation in experimental units under the same treatments. Therefore, it is suggested to use the same experimental
unit for different treatments in an experiment but in different periods. This results in a type of design known as
repeated measurements design (RMD) which makes them different from other designs presented in the literature
which make use of different experimental units for different treatments. Repeated measurements design (RMD) is
the type of experimental design in which experimental subjects are repeatedly measured by giving a sequence of
treatments. RMDs are a special kind of carryover design in which each subject is influenced by a treatment applied
in a current period called treatment effects and treatment applied in a previous period called carryover effects.
Cross-over designs are RMDs in which each unit receives the sequence of each treatment over different periods.
RMDs in unequal period sizes are very useful if there is a restriction on the total number of treatments, and some
experimental units can receive on the total length of time, while some experimental units can remain in the trial
which results in RMDs of different or unequal period sizes. RMDs balanced in treatments and carryover effects are
useful in several fields such as medicine, pharmacology, animal sciences and psychology where carryover effects
are natural.

2. Literature review

Cheng andWu (1980) proposed the construction of BRMDs andCSBRMDs, especially for unequal block sizes.With
the help of advanced technology in computer systems, the uses of block designs of unequal sizes k are beneficial, and
hence it is very useful in industrial and agricultural experiments. The utilization of different block sizes in biological
experiments was mentioned by Pearce (1964). Afsarinejad (1994) constructed minimal CSBRMDs for different
period sizes. Iqbal and Jones (1994) proposed the construction of efficient RMDs and CSBs for two different period
sizes. Iqbal and Tahir (2009), Iqbal et al. (2010) and Bashir et al. (2018) constructed CSBs for some classes. Rasheed
et al. (2018) recently developed some generators to obtain MCSBs in a period of three different sizes for some
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cases of t, where 2 ≤ k3 < k2 ≤ 10. However, there does not exist MCSBs for certain combinations of treatments
and periods when several treatments are less than the number of periods. Here, minimal circular nearly CSBs are
useful. A design is said to be CNBs (Circular nearly strongly balanced repeated measurement designs) if every
treatment is immediately followed by every other treatment including itself except the treatment (labelled as t-1)
which is not preceded by itself. In this article, some generators are developed to construct CNBs in periods of (i)
two different sizes and (ii) three different sizes. These designs have their own importance in extended scientific
and biological experimentations with different block sizes which consist of clinical experimentations of human and
also animal behaviour responses for the comparison of several non-curative treatments for their effectiveness.With
the advancement of technological computer systems, block designs with unequal sizes p have become very useful
in huge industrial and agricultural experiments. In biological experiments, the utilization of different block sizes
has been studied significantly. RCTs become prone to the unravelling of sizes of the block when it remains the
same throughout the trial, so investigators use different block sizes, i.e. they randomly vary the block size to lower
the chances of unbiasedness (Schulz & Grimes, 2002; Schulz, 1995). There exist different scientific research areas
such as animal husbandry and genetic experimentation. RCTs, where these designs are applied as within-subject
treatment comparisons, are more efficient than between-subject treatment comparisons. These proposed designs
are additions to the literature as they are incorporating different period sizes and also possess good efficiency in
estimating direct and residual effects.

Important definitions with abbreviations used that will be discussed throughout the article are discussed below
briefly.

BRMDs Balanced repeated measurement designs
CSBs circular strongly balanced repeated measurement designs
CNBs Circular nearly strongly balanced repeated measurement designs

2.1. BRMDs

In an RMD each experimental subject or unit receives a series of several treatments in successive periods.

2.2. CSBs

If every treatment is directly preceded by every other treatment (including itself) then it is called CSBs.

2.3. CNBs

In this type of design, every treatment is immediately followed by every other treatment exactly once as well as with
itself except the treatment labelled as v−1, which is not preceded by itself.

In Section 3, the model and information matrix are described along with the formula for the computation of the
efficiency for CNBs. In Section 4, the Method of Cyclic Shifts (MOCS) is described to generate CNBs in different
period sizes. A series of generators is proposed in Section 5 to obtain CNBs in two different sizes of periods. Also,
a series of generators for the construction of CNBs in three different sizes of periods are proposed in Section 6.
Section 7 contains the concluding remarks about the proposed designs. A list of sets of shifts for the construction
of CNBs in two and three different sizes of periods with many treatments smaller than thirty is provided in the
Appendix.

3. Model and efficiency for CNBs

The model used for repeated measurements designs in the literature is the conventional model proposed byMagda
(1980)

yijk = μ + τd(k,j) + γd(k−1,j) + πk + ξij + εijk, (1)

where yijk is the ith observation from the subject jth with the sequence i in period k for which treatment d(k, j) is
given.

μ = Overall mean, τd(k,j) = treatment d(k, j) effect, γd(k−1,j) = treatment d(k-1, j) effect in the period k which
was applied in the period k−1 to the same experimental subject, πk = kth period effect, ξij = jth subject effect of
sequence i, and εijk is i.i.d normally distributed residual term having mean 0 and fixed variance σ 2.
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The joint information matrix of treatment and carryover effects for the CNB is expressed by

A(τ ,γ ) =
(
A11 A12
A′

12
A22

)
,

where A11, A12 and A22 in two different period sizes are expressed by

A11 = R − M − 1
k1
N1N′

1 − 1
k2
N2N′

2 + rr′

n1k1 + n2k2
J,

M =

⎡
⎢⎢⎣

(
s2(k2 − 1) + (s − 1)2

n1 + n2
+ (k1 − k2)

n1

)
Jt−1

(t − 1)(s − 1)
n1 + n2

1t−1

(t − 1)(s − 1)
n1 + n2

1′
t−1

(t − 1)2

n1 + n2

⎤
⎥⎥⎦ ,

A12 = Z − M − 1
k1
N1N̄′

1 − 1
k2
N2N̄′

2 + rr̄′

n1k1 + n2k2
J,

M =

⎡
⎢⎢⎣

(
s2(k2 − 2) + 2s(s − 1)

n1 + n2
+ (k1 − k2)

n1

)
Jt−1

s(t − 1)
n1 + n2

1t−1

s(t − 1)
n1 + n2

1t−1 0

⎤
⎥⎥⎦ ,

A22 = R − M − 1
k1
N̄1N̄′

1 − 1
k2
N̄2N̄′

2 + r̄r̄′

n1k1 + n2k2
J,

and A11, A12 and A22 in periods of three different sizes are expressed by

A11 = R − M − 1
k1
N1N′

1 − 1
k2
N2N′

2 − 1
k3
N3N′

3 + rr′

n1k1 + n2k2 + n3k3
J,

M =

⎡
⎢⎢⎣

(
s2(k3 − 1) + (s − 1)2

n1 + n2 + n3
+ (s − 1)2(k2 − k3)

n1 + n2
+ (s − 2)2(k1 − k2)

n1

)
Jt−1

n3(s − 1)
n1 + n2 + n3

1t−1

n3(s − 1)
n1 + n2 + n3

1′
t−1

n23
n1 + n2 + n3

⎤
⎥⎥⎦ ,

A12 = Z − M − 1
k1
N1N̄′

1 − 1
k2
N2N̄′

2 − 1
k3
N3N̄′

3 + rr̄′

n1k1 + n2k2 + n3k3
J,

M =

⎡
⎢⎢⎣

(
s2(k3 − 2) + 2s(s − 1)

n1 + n2 + n3
+ (s − 1)2(k2 − k3)

n1 + n2
+ (s − 2)2(k1 − pk2)

n1

)
Jt−1

sn3
n1 + n2 + n3

1t−1

sn3
n1 + n2 + n3

1′
t−1

0

⎤
⎥⎥⎦ ,

A22 = R − M − 1
k1
N̄1N̄′

1 − 1
k2
N̄2N̄′

2 − 1
k3
N̄3N̄′

3 + r̄r̄′

n1k1 + n2k2 + n3k3
J.

Here,

n1 subjects measured repeatedly up to k1 size
n3 subjects measured repeatedly up to k3 size
s number of sets of shifts
N1 t incidence matrix vs 1 to n1
N2 t incidence matrix vs n1 + 1 to n1 + n2
N3 t incidence matrix vs n1 + n2 + 1 to n1 + n2 + n3
N̄1 residual incidence matrix vs 1 to n1
N̄2 residual incidence matrix vs n1 + 1 to n1 + n2
N̄3 residual incidence matrix vs n1 + n2 + 1 to n1 + n2 + n3
r vector of replication of treatments
r̄ vector of replication of residual
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R diagonal matrix of replication of t
R diagonal matrix of replication of residual
J matrix of 1s

Then the information matrix of the treatment and carryover effects are Aτ = A11 − A12A−
22A21 and Aγ =

A22 − A21A−
11A12, respectively.

RMDs should be analysed for their capability of discriminating the effects of treatment from carryover effects.
Hanford (2005) has given the criteria to compare theRMDsbased on this ability. Divecha andGondaliya (2014) gave
a convenient method for calculating the efficiency of separability (ES) for the BRMDs. This formula considering
the provided constraints of our proposed type of RMDs is given by

ES =
[
t
√
t − 1 − 1
t
√
t − 1

]
× 100% (2)

4. Constructionmethodology

Construction of CNBs from all the series of generators requires an understanding of rule II of a MOCS which was
proposed by Iqbal and Jones (1994). MOCS (Rule II) is defined here briefly for constructing CNBs in periods of
different sizes.

Let S1 = [q11, q12, . . . ,qp1−1], S2 = [q21, q22, . . . ,qp2−1] and S3 = [q31, q32, . . . ,qp3−2]t be the sets of shifts, where
0 ≤qij ≤ v-2. If every element 0, 1, . . . , v-2 appears exactly once in S∗, it is CNB in periods of sizes p1, p2 and
p3, where S∗ = [q11, q12, . . . , qp1−1, q21, q22, . . . ,qp2−1, q31, q32, . . . ,qp3−1, v-1-(q11+ q12+ . . . + qp1−1) mod (v-1),
v-1-(q21+ q22+ . . . + qp2−1) mod (v-1)]. In these sets of shifts, the sum of any 2, 3, . . . , or (p-3) successive elements
should not be 0 mod (v-1). If so, rearrange them.

Consider here the Rule II of a MOCS briefly for the construction of CNBs with the help of an example as t = 13,
S1 = [3, 4, 5, 9, 8] and S2 = [6]t.

Take t-1 experimental subjects for one set of shifts [3,4,9,5,8]. Write 0, 1, . . . , t-2 in the first period of t-1 exper-
imental subjects, respectively. For the second period of every subject, add 3 mod (t-1) to every element of the first
period of each subject. Then add 4 mod (t-1) to every element of the second period which gives the treatment
number of the third period in each subject. Similarly add 9, 5 and 8, respectively.

Experimental Subjects

Periods 1 2 3 4 5 6 7 8 9 10 11 12

1 0 1 2 3 4 5 6 7 8 9 10 11
2 3 4 5 6 7 8 9 10 11 0 1 2
3 7 8 9 10 11 0 1 2 3 4 5 6
4 4 5 6 7 8 9 10 11 0 1 2 3
5 9 10 11 0 1 2 3 4 5 6 7 8
6 5 6 7 8 9 10 11 0 1 2 3 4

Take t-1 more subjects for the second set of shifts [6]t. Allocate 0, 1, . . . , t-2 to every subject in the first period,
respectively. To obtain the elements of the second period for every subject, add 6 mod (t-1) to every element of the
first period for all subjects. Then insert t-1 (i.e. 12) in each element of the third period.

Subjects

Periods 13 14 15 16 17 18 19 20 21 22 23 24

1 0 1 2 3 4 5 6 7 8 9 10 11
2 6 7 8 9 10 11 0 1 2 3 4 5
3 12 12 12 12 12 12 12 12 12 12 12 12

The above design is CNB in t = 13, k1 = 6, k2 = 3, n1 = 12, n2 = 12 and ES = 98%.

5. Generators to obtain CNBs in two different sizes of periods

Let S1 = [e11, e12, . . . ,ep1−1] and S2 = [e21, e22, . . . ,ep2−2]t be two sets of shifts, here 0 ≤ eij ≤ t-2. Define,
S∗ = [e11, e12, . . . ,ep1−1, e21, e22, . . . ,ep2−2, t-1-(e11+ e12+ . . . + ep1−1) mod (t-1)]. If every element 0, 1, . . . , t-2
appears exactly once in the new set of shifts S∗, then the design from the set of shifts will be CNB in periods of sizes
k1 and k2. The sum of any 2, 3, . . . ,(k-3) successive elements of any set of shifts should not be 0 mod (t-1). If so,
rearrange the elements.
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Example: Sets of shifts S1 = [1,7,4,3,9,6] and S2 = [2,5,8]t give following CNB for t = 11 in k1 = 7 and k2 = 5
with ES = 97%.

Subjects

1 2 3 4 5 6 7 8 9 10

00 11 22 33 44 55 66 77 88 99
10 21 32 43 54 65 76 87 98 09
81 92 03 14 25 36 47 58 69 70
28 39 40 51 62 73 84 95 06 17
52 63 74 85 96 07 18 29 30 41
45 56 67 78 89 90 01 12 23 34
04 15 26 37 48 59 60 71 82 93

Subjects

1 2 3 4 5 6 7 8 9 10

010 110 210 310 410 510 610 710 810 910
20 31 42 53 64 75 86 97 08 19
72 83 94 05 16 27 38 49 50 61
57 68 79 80 91 02 13 24 35 46
105 106 107 108 109 100 101 102 103 104

Here, 106 means that treatment 10 was applied in the current period, while the subscript ‘6’ is the treatment
applied in the previous period.

If t = 2zi+ 2a-1, i is an integer, k1 = 2z, k2 = 2a, a �= z and a & z > 1, then CNBs can be obtained from the
sets given below where j = 0, 1, . . . , i-1.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a − 1, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a − 2), 0]t

Example 5.1: CNBs for t = 13, k1 = 8 and k2 = 6 are constructed from the sets of shifts given below with 98%
efficiency.

S1 = [1, 2, 3, 4, 11, 10, 9], S2 = [5, 6, 7, 0]t.

If t = 2zi+ 2a, i is an integer, k1 = 2z, k2 = 2a+ 1 and a & z > 1, then CNBs can be obtained from the sets
given below where j = 0, 1, . . . , i-1.

Sj+1 =[zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a − 1, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a − 1), 0]t.

Example 5.2: CNBs for t = 16, k1 = 10 and k2 = 7 are constructed from the sets given below with 98% efficiency
.

S1 = [1, 2, 3, 4, 14, 5, 13, 11, 12], S2 = [6, 7, 9, 8, 0]t.

If t = 2zi+ 4a-1, i is an integer, k1 = 2z, k2 = 2a and a �= z, a & z > 1, then CNBs can be obtained from the
sets given below.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a − 1, t − 1 − (zi + a − 1), t − 1 − (zi + a − 2), . . . , t − 1 − (zi + 1)];

Si+2 = [zi + a + 1, zi + a + 2, . . . , zi + 2a − 1, t − 1 − (zi + a + 1), t − 1 − (zi + a + 2),

. . . , t − 1 − (zi + 2a − 2), 0]t.

Example 5.3: CNBs for t = 25, k1 = 10 and k2 = 8 are constructed from the sets given below with 99% efficiency.

S1 = [1, 2, 3, 4, 5, 23, 22, 21, 20], S2 = [6, 7, 8, 17, 9, 18, 16], S3 = [10, 11, 12, 14, 13, 0]t.
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If t = 2zi+ 4a+ 1, i is an integer, k1 = 2z, k2 = 2a+ 1 and a& z > 1, then CNBs can be obtained from the sets
given below.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a)];

Si+2 = [zi + a + 1, zi + a + 2,

. . . , zi + 2a, t − 1 − (zi + a + 1), t − 1 − (zi + a + 2), . . . , t − 1 − (zi + 2a − 1)]t.

Example 5.4: CNBs for t = 21, k1 = 8 and k2 = 7 are constructed from the sets given below with 99% efficiency.

S1 = [1, 2, 3, 4, 19, 18, 17], S2 = [5, 6, 7, 15, 14, 13], S3 = [8, 9, 10, 12, 11]t.

6. Generators to obtain CNBs in three different sizes of periods

Let S1 = [e11, e12, . . . ,ep1−1], S2 = [e21, e, . . . ,ep2−1] and S3 = [e31, e32, . . . ,ep3−2]t be the sets of shifts, where 0
≤ eij ≤ t-2. Define, S∗ = [e11, e12, . . . ,ep1−1, q21, e22, . . . ,ep2−1, e31, e32, . . . ,ep3−1, t-1-(e11+ e12+ . . . + ep1−1) mod
(t-1), t-1-(e21+ e22+ . . . + ep2−1) mod (t-1)]. If every element 0, 1, . . . ,t-2 appears exactly once in the new set of
shifts S∗, then the design from the set of shifts will be CNB in periods of sizes k1, k2 and k3. The sum of any 2, 3, . . . ,
(k-3) successive elements of the set of shifts Si + 1 should not be 0 mod (t-1). If so rearrange the elements.

Example: Set of shifts S1 = [3, 4, 9, 5, 8], S2 = [1, 2, 11, 10] and S3 = [6]t give the following CNBs for t = 13 in
k1 = 6, k2 = 5 and k3 = 3 with ES = 98%.

Subjects

1 2 3 4 5 6 7 8 9 10 11 12

05 16 27 38 49 510 611 70 81 92 103 114
30 41 52 63 74 85 96 107 118 09 110 211
73 84 95 106 117 08 19 210 311 40 51 62
47 58 69 710 811 90 101 112 03 14 25 36
94 105 116 07 18 29 310 411 50 61 72 83
59 610 711 80 91 102 113 04 15 26 37 48

Subjects

13 14 15 16 17 18 19 20 21 22 23 24

00 11 22 33 44 55 66 77 88 99 1010 1111
10 21 32 43 54 65 76 87 98 109 1110 011
31 42 53 64 75 86 97 108 119 010 111 20
23 34 45 56 67 78 89 910 1011 110 01 12
02 13 24 35 46 57 68 79 810 911 100 111

Subjects

25 26 27 28 29 30 31 32 33 34 35 36

012 112 212 312 412 512 612 712 812 912 1012 1112
60 71 82 93 104 115 06 17 28 39 410 511
126 127 128 129 1210 1211 120 121 122 123 124 125

Here, 116 is the treatment 11 applied in the present period, while the subscript ‘6’ is the treatment applied in the
previous period.

If t = 2zi+ 2a+ 2b, i is an integer, k1 = 2a, z �= a, z, a & b > 1, k2 = 2a+ 1 and k3 = 2b, then CNBs can be
obtained from the sets given below where j = 0, 1, . . . , i-1.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a)];

Si+2 = [zi + a + 1, zi + a + 2, . . . , zi + a + b − 1, t − 1 − (zi + a + 1), t − 1 − (zi + a + 2),

. . . , t − 1 − (zi + a + b − 1)]t.
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Example 6.1: CNBs for t = 13, k1 = 8, k2 = 7 and k3 = 4 are constructed from the sets given below with 98%
efficiency.

S1 = [1, 2, 3, 4, 16, 15, 14], S2 = [5, 6, 7, 12, 11, 10] and S3 = [8, 9]t.

If t = 2zi+ 2a+ 2b-1, i is an integer, k1 = 2z, z �= a �= b > 1, k2 = 2a and k3 = 2b, then CNBs can be
constructed from the sets given below where j = 0, 1, . . . , i-2.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a − 1)];

Si+2 = [zi + a + 1, zi + a + 2, . . . , zi + a + b − 1, t − 1 − (zi + a + 1), t − 1 − (zi + a + 2),

. . . , t − 1 − (zi + a + b − 2), 0]t for b > 2.

Si+2 = [(t − 1)/2, 0]t for b = 2.

Example 6.2: CNBs for t = 23, k1 = 10, k2 = 8 and k3 = 6 are constructed from the sets given below with 99%
efficiency.

S1 = [1, 2, 3, 4, 5, 21, 20, 19, 18], S2 = [6, 7, 8, 9, 16, 15, 14] and S3 = [10, 11, 12, 0]t.

If t = 2zi+ 2a+ 2b+ 1, k1 = 2z, i is an integer, k2 = 2a+ 1,k3 = 2b+ 1, a �= b > 1 and z > 1, then CNBs can
be obtained from the sets given below where j = 0, 1, . . . , i-1.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a)];

Si+2 = [zi + a + 1, zi + a + 2, . . . , zi + a + b, t − 1 − (zi + a + 1),

t − 1 − (zi + a + 2), . . . , t − 1 − (zi + a + b − 1)]t.

Example 6.3: CNBs for t = 19, k1 = 8, k2 = 7 and k3 = 5 are constructed from the sets given below with 99%
efficiency.

S1 = [1, 2, 3, 4, 17, 16, 15] , S2 = [5, 6, 13, 7, 12, 11], S3 = [8, 9, 10]t.

7. Concluding remarks

CSBs help in estimating direct and carryover effects independently and providing high efficiency of separability.
Despite the importance of RMDs, there is no sufficient literature available on the construction of the CSBs and
CNBs with high efficiency of separability for unequal period sizes. In situations where CSBs cannot be constructed,
they are preferable as they give efficiencies close to CSBs. Through well-known MOCS Rule II, these designs have
been constructed for unequal period sizes with high efficiency of separability which covers the lack of designs for
unequal period sizes. The experimenters now have more choices when dealing with different period sizes. All the
proposed designs possess an efficiency close to 100% and, therefore, they should be a better alternative to CSBs.
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Appendix

Table A1. List of sets of shifts for CNBs in two different sizes of periods and treatments
smaller than 30.

t k1 k2 Sets of shifts ES

9 6 4 [1,3,2,7,6]+ [4,0]t 96
10 6 5 [1,3,2,8,7]+ [4,5,0]t 97
11 8 4 [1,3,2,4,9,8,7]+ [5,0]t 97
13 6 4 [1,3,2,11,10]+ [4,5,8]+ [6,0]t 98
13 8 6 [1,3,2,4,11,10,9]+ [5,6,7,0]t 98
13 10 4 [1,3,2,4,5,11,10,9,8]+ [6,0]t 98
14 8 7 [1,3,2,4,12,11,10]+ [5,6,7,8,0]t 98
15 6 4 [1,3,2,13,12]+ [4,5,6,10,9]+ [7,0]t 98
15 6 5 [1,2,3,13,12]+ [4,5,10,9]+ [6,7,8]t 98
15 8 4 [1,3,2,4,13,12,11]+ [5,6,9]+ [7,0]t 98
16 6 5 [1,3,2,14,13]+ [4,5,6,11,10]+ [7,8,0]t 98
17 10 4 [1,3,2,4,5,15,14,13]+ [6,7,10]+ [8,0]t 99
17 10 8 [1,3,2,4,5,15,14,13,12]+ [6,7,8,10,9,0]t 99
18 10 9 [1,3,2,4,5,16,15,14,13]+ [6,7,8,9,10,11,0]t 99
19 6 4 [1,3,2,17,16]+ [4,5,6,14,13]+ [7,8,11]+ [9,0]t 99
19 8 4 [1,3,2,4,17,16,15]+ [5,6,7,8,13,12,11]+ [9,0]t 99
21 6 4 [1,3,2,19,18]+ [4,5,6,16,15]+ [7,8,9,13,12]+ [10,0]t 99
21 6 5 [1,2,3,19,18]+ [4,5,6,16,15]+ [7,8,13,12]+ [9,10,11]t 99
21 8 6 [1,3,2,4,19,18,17]+ [5,6,7,8,15,14,13]+ [9,11,10,0]t 99
21 8 7 [1,2,3,4,19,18,17]+ [5,6,7,15,14,13]+ [8,9,10,12,11]t 99
22 6 5 [1,3,2,20,19]+ [4,5,6,17,16]+ [7,8,9,14,13]+ [10,11,0]t 99
22 8 7 [1,3,2,4,20,19,18]+ [5,6,7,8,16,15,14]+ [9,10,11,12,0]t 99
23 8 4 [1,3,2,4,21,20,19]+ [5,6,7,8,17,16,15]+ [9,10,13]+ [11,0]t 99
23 10 4 [1,3,2,4,5,21,20,19,18]+ [6,7,8,9,10,16,15,14,13]+ [11,0]t 99
25 6 4 [1,3,2,23,22]+ [4,5,6,20,19]+ [7,8,9,17,16]+ [10,11,14]+ [12,0]t 99
27 6 4 [1,3,2,25,24]+ [4,5,6,22,21]+ [7,8,9,19,18]+ [10,11,12,16,15]+ [13,0]t 99
27 6 5 [1,2,3,25,24]+ [4,5,6,22,21]+ [7,8,9,19,18]+ [10,11,16,15]+ [12,13,14]t 99
27 8 4 [1,3,2,4,25,24,23]+ [5,6,7,8,21,20,19]+ [9,10,11,12,17,16,15]+ [13,0]t 99
27 10 4 [1,3,2,4,5,25,24,23,22]+ [6,7,8,9,10,20,19,18,17]+ [11,12,15]+ [13,0]t 99
27 10 8 [1,3,2,4,5,25,24,23,22]+ [6,7,8,9,10,20,19,18,17]+ [11,12,13,15,14,0]t 99
27 10 9 [1,2,3,4,5,25,24,23,22]+ [6,7,8,9,20,19,18,17]+ [10,11,12,16,15,14,13]t 99
28 6 5 [1,3,2,26,25]+ [4,5,6,23,22]+ [7,8,9,20,19]+ [10,11,12,17,16]+ [13,14,0]t 99
28 10 9 [1,3,2,4,5,26,25,24,23]+ [6,7,8,9,10,21,20,19,18]+ [11,12,13,14,15,16,0]t 99
29 8 6 [1,3,2,4,27,26,25]+ [5,6,7,8,23,22,21]+ [9,10,11,12,19,18,17]+ [13,15,14,0]t 99
29 8 7 [1,2,3,4,27,26,25]+ [5,6,7,8,23,22,21]+ [9,10,11,19,18,17]+ [12,13,14,16,15]t 99
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Table A2. List of sets of shifts for CNBs in threedifferent sizes of periods and treatments smaller
than 30.

t k1 k2 k3 Sets of shifts ES

14 6 5 4 [1,2,3,12,11]+ [4,5,9,8]+ [6,7]t 98
17 8 6 4 [1,2,3,4,15,14,13]+ [5,6,7,11,10]+ [8,0]t 99
19 8 7 5 [1,2,3,4,17,16,15]+ [5,6,7,13,12,11]+ [8,9,10]t 99
20 6 5 4 [1,2,3,18,17]+ [4,5,6,15,14]+ [7,8,12,11]+ [9,10]t 99
20 8 7 6 [1,2,3,4,18,17,16]+ [5,6,7,14,13,12]+ [8,9,11,10]t 99
23 10 8 6 [1,2,3,4,5,21,20,19,18]+ [6,7,8,9,16,15,14]+ [10,11,12,0]t 99
25 8 6 4 [1,2,3,4,23,22,21]+ [5,6,7,8,19,18,17]+ [9,10,11,15,14]+ [12,0]t 99
25 10 9 7 [1,2,3,4,5,23,22,21,20]+ [6,7,8,9,18,17,16,15]+ [10,11,12,13,14]t 99
26 6 5 4 [1,2,3,24,23]+ [4,5,6,21,20,19]+ [7,8,9,18,17,16]+ [10,11,15,14]+ [12,13]t 99
26 10 9 8 [1,2,3,4,5,24,23,22,21]+ [6,7,8,9,19,18,17,16]+ [10,11,12,15,14,13]t 99
27 8 7 5 [1,2,3,4,25,24,23]+ [5,6,7,8,21,20,19]+ [9,10,11,17,16,15]+ [12,13,14]t 99
28 8 7 6 [1,2,3,4,26,25,24]+ [5,6,7,8,22,21,20]+ [9,10,11,18,17,16]+ [12,13,15,14]t 99
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In this study, pulp from ripe bael fruits was dried in the 
open sun, solar, greenhouse and hot air (50°C, 60°C, 70°C 
and 80°C) at three levels of thickness (2, 4 and 6 mm). 
Maximum antioxidant activity of 107.62 and 108.09 mg/ 
100 g, total phenol content of 41.95 and 43.79 mg/100 g 
and overall acceptability scores (8.33 and 8.11) were found 
in bael powder dried using natural (greenhouse) and  
mechanical (50°C) drying methods respectively, with 
2 mm of pulp thickness. The Page model was found to be 
the best fitted for drying bael pulp.  
 
Keywords: Antioxidant activity, bael pulp, mathematical 
modelling, thin layer drying, total phenol content. 
 
AEGLE marmelos, belonging to the family Rutaceae, is com-
monly known as bael in the indigenous system of medi-
cine in India1. Bael is a deciduous sacred tree having useful 
medicinal properties, especially cooling and laxative 
properties2. The pulp of the bael fruit is a natural source 
of essential antioxidants and bioactive compounds. Various 
parts of the bael plant are used in gastrointestinal-related 
problems such as diarrhoea, dysentery and diabetes. Bael 
is well-known to have antibacterial, antifungal, anticancer, 
pyretic and analgesic activities and relieves constipation. 
Several phytochemicals have been isolated and recognized 
from various parts of bael, including alkaloids, phenols, 
glycoside coumarins, steroids, tannins and carotenoids3. 
 Drying is the process of removal of moisture which 
supports the microbial activity. It improves shelf life com-
pared to liquid products and reduces the cost of transporta-
tion. Small farmers cannot afford to dry their agricultural 
products in a commercial dryer as it is expensive with high 
maintenance costs. So, a farmer-friendly option is to adopt 
advanced greenhouse and solar drying technologies compa-
red to traditional drying (open-sun drying, OSD). Although 
researchers have worked on drying bael fruit pulp using a 
tray dryer, hot-air cabinet dryer and freeze dryer, there are no 
comparative studies to determine the suitability of different 

dryers for drying bael fruit pulp. Assessment of drying 
kinetics as a function of drying conditions can help in the 
simulation for predicting suitable drying conditions. 

Materials and methodology 

Pulp extraction  

Bael fruits (A. marmelos) of Rajasthani local variety were 
procured from ICAR-Directorate of Medicinal and Aro-
matic Plants Research, Boriavi farm, Anand, Gujarat, India. 
They were sorted to discard the diseased, damaged and bro-
ken fruits. The fruits were washed thoroughly under tap 
water and used for further experiments. The bael pulp with 
seeds and fibre was added with equal amounts of water, 
mixed and heated for 1 min at 80°C (refs 4, 5). A brush-type 
pulp extractor/pulper (Khera Laboratory Instruments, New 
Delhi) was used to extract bael fruit pulp with a 3 mm size 
sieve made up of 22 gauge stainless steel. 

Drying methods 

The pulp was distributed evenly in the trays at three thickness 
levels (2 (T1), 4 (T2) and 6 (T3) mm). The trays were placed 
in an open environment for direct exposure of bael fruit 
pulp to sunlight for OSD (D1). Cabinet-type solar dryer (SD, 
D2; Sardar Patel Renewable Energy Research Institute 
(SPRERI), Anand) and a gable roof-type greenhouse dryer 
(GHD, D3) of span 4.5 m × 3.0 m (College of Food Pro-
cessing Technology and Bioenergy, Anand Agricultural 
University (AAU), Anand) were used for drying of bael 
pulp using the natural drying method.  
 For mechanical drying, a laboratory hot-air tray dryer 
(Narang Scientific Works Pvt Ltd, New Delhi) was used. 
It was fitted with a manually controlled digital thermostat, 
PT-100 thermocouple, a blower driven by a 0.5 HP motor 
and electric finned heaters of 3 × 1 kW. The tray dryer was 
adjusted to selected temperatures (50°C (D4), 60°C (D5), 
70°C (D6) and 80°C (D7)). The dried bael pulp was ground 
using a laboratory mixer-grinder to make the powder. 
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Standardization 

Standardization of drying parameters was done in two ways – 
natural drying method and mechanical drying method. It 
was based on the total phenol content, total antioxidant 
content and sensory attributes (score) of the bael fruit powder. 
The critical difference (CD) and coefficient of variation 
(CV) values were determined using factorial CRD software 
developed by the Department of Statistics, BA College of 
Agriculture, AAU. Total phenol was determined by Folin–
Ciocalteu method6. Total antioxidant content was determined 
using the FRAP method7. The sensory evaluation of bael fruit 
powder was done using a nine-point hedonic scale8.  

Modelling of thin-layer drying curves 

The development of a model is necessary to study the dry-
ing characteristics of bael pulp. The experimental drying 
data of bael pulp using different drying methods or tempera-
tures and thickness of the pulp were fitted into three thin-
layer drying models (Page, two-term and Newton models).  
 
(I) Page model9 

 
 MR = exp(–ktn). (1) 
 
(II) Two-term model10 

 
 MR = a exp(–kt) + b exp(–gt). (2) 
 
(III) Newton model11 

 
 MR = exp(–kt). (3) 
 
Here MR is the moisture ratio, t the time (min) and k, n, a, b, 
g are the empirical constants and coefficients in the drying 
models. 
 The root mean square error (RMSE) and χ 2 values were 
calculated as follows  
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where MRExp,i is the ith experimentally observed moisture 
ratio, MRPre,i the predicted moisture ratio, N the number of 
observations and Z is the number of constants of each res-
pective model.  
 A model is considered to be the best if the average R2 

value is high, and average χ 2 and RMSE values are low.  

Results and discussion 

Drying characteristics 

The extracted pulp with 576.58% (dry basis; db) moisture 
content was dried using various natural as well as mechanical 
drying methods or temperatures for three levels of thickness 
of pulp. Figure 1 shows the time required to achieve the final 
moisture content (10–13% db) for all the drying methods. 
Initially, the drying rate was higher, and it decreased 
gradually with time for all the drying methods (Table 1).  
 The drying time required to achieve final moisture con-
tent of bael fruit pulp in greenhouse drying was less than OSD 
and solar drying, because the products placed in trays re-
ceived solar radiation through plastic film material, and 
moisture was removed by natural and forced convection. 
A similar result was observed for the drying of chilli and 
banana in another study12. The drying rate was much higher 
in greenhouse drying compared to OSD for date fruit13. 
 In tray drying, the drying time was reduced with an in-
crease in temperature for all levels of thickness of bael fruit 
pulp. This was due to increased vapour pressure in the sam-
ples with increased temperature from 50°C to 80°C. As a 
result, moisture was removed comparatively faster. Similar 
outcomes were observed for drying bael fruit pulp5 and stone 
apple slices14.  

Standardization of drying parameters 

Table 2 shows the effect of various drying methods and 
levels of thickness on total phenol content, total antioxi-
dant content and sensory attributes in terms of colour, 
flavour and overall acceptability. 
 For standardization of drying parameters for natural drying, 
all five parameters, namely total phenol content, total anti-
oxidant content and sensory attributes in terms of colour, fla-
vour and overall acceptability, were considered. It was 
found that the D3T1 combination (greenhouse drying 
method with 2 mm thickness of bael fruit pulp) gave better 
results than the other combinations because this sample 
gave the highest total antioxidant and total phenol content. 
Also, the highest colour and overall acceptability (OA) val-
ues were also obtained. Hence, the combination D3T1 was 
considered the standardized drying parameter for natural 
drying.  
 For mechanical drying, parameters such as total phenol 
content, total antioxidant content and sensory attributes in 
terms of colour, flavour and overall acceptability were 
considered. The D4T1 combination (50°C drying temperature 
with 2 mm thickness of pulp) was found to be the best among 
all combinations because the sample gave the highest total 
antioxidant and total phenol contents. Also, it had the 
highest colour, flavour and overall acceptability value. Hence, 
the combination D4T1 was considered as the drying para-
meter for mechanical drying method.  
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Figure 1. Drying rate versus drying time curves of bael fruit pulp for various drying methods. 
 

Table 1. Time required for drying of bael fruit pulp using various  
  drying methods and for different level of thicknesses of the pulp 

  Drying time (h) 
 

  Thickness 
 
Drying method 

Temperature 
(°C) 

 
2 mm 

 
4 mm 

 
6 mm 

 

Open-sun drying – 6.5 12.5 17.5 
Solar drying – 6 14.5 17.5 
Greenhouse drying – 4.5 12.5 15.5 
Tray drying 50 9 14 18.5 
 60 5.75 8.75  13.25 
 70 4.75 8.5 11.5 
 80 3.75 6.25  7.5 
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Table 2. Effect of drying methods and thickness on TPC, TAA and sensory attributes 

   Pulp thickness (T) (mm) CD  
 
Parameters 

 
Drying methods 

Name of drying 
methods (D) 

 
2 

 
4 

 
6 

 
D 

 
T 

 
DT 

 
CV% 

 

TPC Natural drying D1-OSD 26.65 25.53 18.45 0.769 0.769 NS 0.75 
  D2-SD 23.04 22.94 20.66     
  D3-GHD 41.95 28.99 28.62     
 Mechanical drying D4-50°C 43.79 36.15 23.22 2.249 1.948 3.896 7.03 
  D5-60°C 35.80 30.24 18.92     
  D6-70°C 38.91 31.05 28.79     
  D7-80°C 41.00 39.16 27.35     
TAA Natural drying D1-OSD 106.19 104.76 103.34 0.769 0.769 NS 0.75 
  D2-SD 101.91 101.91 100.00     
  D3-GHD 107.62 105.24 103.34     
 Mechanical drying D4-50°C 108.09 106.19 103.81 0.803 0.695 1.390 0.79 
  D5-60°C 106.19 102.38 100.95     
  D6-70°C 104.76 103.81 103.34     
  D7-80°C 108.09 106.66 105.24     
Colour (sensory) Natural drying D1-OSD 7.17 6.25 6.58 NS 0.751 NS 16.01 
  D2-SD 7.92 7.08 6.50     
  D3-GHD 7.92 7.00 6.42     
 Mechanical drying D4-50°C 7.83 7.92 6.58 NS 0.485 NS 11.74 
  D5-60°C 8.00 6.92 6.33     
  D6-70°C 7.92 7.00 6.92     
  D7-80°C 7.50 6.67 6.33     
Flavour (sensory) Natural drying D1-OSD 6.83 6.83 6.75 NS NS NS 9.72 
  D2-SD 7.58 6.92 6.67     
  D3-GHD 7.75 7.17 7.08     
 Mechanical drying D4-50°C 7.50 7.17 6.58 NS 0.502 NS 12.49 
  D5-60°C 7.58 6.67 6.54     
  D6-70°C 7.75 6.92 6.96     
  D7-80°C 7.00 6.50 6.33     
OAA (sensory) Natural drying D1-OSD 7.00 6.50 6.42 NS 0.543 NS 11.50 
  D2-SD 7.58 7.00 7.00     
  D3-GHD 7.75 7.08 6.83     
 Mechanical drying D4-50°C 7.58 7.42 6.42 NS 0.472 NS 11.77 
  D5-60°C 7.75 6.75 6.29     
  D6-70°C 7.67 6.83 6.79     
  D7-80°C 7.17 6.50 6.17     
TPC, Total phenol content; TAA, Total antioxidant activity; OAA, Overall acceptability; OSD, Open-sun drying; SD, Solar drying; GHD, Greenhouse 
drying; CD, Critical difference; CV, Co-efficient of variance. 

 

 
Fitting of drying models 

Based on moisture loss data, the drying rate and moisture 
ratio were calculated. The coefficient of determination (R2) 
was determined using SPSS-15. The three drying models 
(Page model, two-term model and Newton model) were 
compared according to their coefficient of determination, 
RMSE and chi-square values to determine the best-fit 
model for drying bael fruit pulp for different levels of 
thickness of pulp (Table 3). 
 The values of R2, χ 2 and RMSE of all the models ranged 
from 0.924 to 1, 4.4E-05 to 0.011 and 6.61E-03 to 0.102, 
with an average value of 0.951 to 0.995, 5.21E-04 to 2.7E-03 
and 8.39E-03 to 2.06E-02 respectively. 
 The moisture ratio data of bael fruit pulp dried using 
different drying methods or temperatures and for different 
levels of thickness of pulp were fitted into three drying 
models (Table 3). It was observed that the Page model 
had the highest average R2 and lowest average RMSE and χ 2 

values compared to the other two models. Table 4 shows the 
values of constants of the best-fitted drying model (Page 
model). The Page model was the best-fitting for drying 
bael fruit pulp with various drying methods or tempera-
tures and levels of pulp thickness, with average values of 
R2, RMSE and χ 2 being 0.995, 5.21E-04 and 8.39E-03 
respectively. This model was found to be the best for dry-
ing whole and sliced turmeric rhizomes in a solar conduc-
tion dryer15 and freeze-dried aloe vera fillets16. 

Suitability of the model 

The accuracy of the established model for thin-layer drying 
of bael fruit pulp was evaluated by comparing the predicted 
moisture ratio of the Page model and the experimental mois-
ture ratio. Figure 2 shows the performance of the model for 
all the drying methods/temperatures and levels of thick-
ness of bael fruit pulp. The predicted moisture ratio data of 
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Table 3. Statistical parameters for different drying models using various drying methods and different levels of thickness of bael fruit pulp 

 Two-term model Page model Newton model 
Drying methods_ 
thicknesses 

 
R2 

 
Chi-square 

 
RMSE 

 
R2 

 
Chi-square 

 
RMSE 

 
R2 

 
Chi-square 

 
RMSE 

 

OSD_2 mm 0.999 8.44E-04 0.023 0.999 8.92E-05 0.008 0.999 8.27E-05 0.009 
OSD_4 mm 0.997 4.00E-04 0.017 0.996 4.33E-04 0.019 0.996 4.01E-04 0.019 
OSD_6 mm 0.997 3.94E-04 0.017 0.996 4.34E-04 0.019 0.996 4.82E-04 0.021 
SD_2 mm 0.945 9.51E-03 0.081 0.99 1.34E-03 0.034 0.932 8.72E-03 0.090 
SD_4 mm 0.98 3.71E-03 0.054 0.996 6.06E-04 0.023 0.929 1.10E-02 0.102 
SD_6 mm 0.982 3.34E-03 0.052 0.996 7.26E-04 0.026 0.935 9.96E-03 0.097 
GHD_2 mm 0.977 5.80E-03 0.054 0.987 2.20E-03 0.041 0.945 7.78E-03 0.083 
GHD_4 mm 0.966 6.36E-03 0.070 0.999 1.58E-04 0.012 0.951 7.30E-03 0.083 
GHD_6 mm 0.973 4.74E-03 0.061 0.999 9.22E-05 0.009 0.957 6.41E-03 0.078 
TD50_2 mm 0.981 2.83E-03 0.045 0.995 5.75E-04 0.022 0.977 2.65E-03 0.050 
TD50_4 mm 0.985 2.32E-03 0.043 0.983 2.45E-03 0.047 0.924 1.01E-02 0.098 
TD50_6 mm 0.982 2.89E-03 0.049 0.985 2.17E-03 0.045 0.928 9.92E-03 0.097 
TD60_2 mm 0.987 1.79E-03 0.039 0.996 5.15E-04 0.022 0.951 5.68E-03 0.074 
TD60_4 mm 0.953 5.91E-03 0.073 0.996 5.25E-04 0.022 0.932 7.83E-03 0.087 
TD60_6 mm 0.957 5.02E-03 0.067 0.993 7.44E-04 0.027 0.938 6.66E-03 0.081 
TD70_2 mm 0.988 1.51E-03 0.035 0.996 4.63E-04 0.020 0.969 3.36E-03 0.056 
TD70_4 mm 0.986 1.68E-03 0.039 0.997 3.10E-04 0.017 0.951 5.35E-03 0.072 
TD70_6 mm 0.987 1.46E-03 0.036 0.998 2.12E-04 0.014 0.956 4.74E-03 0.068 
TD80_2 mm 0.972 4.48E-03 0.058 0.993 9.07E-04 0.028 0.935 8.40E-03 0.089 
TD80_4 mm 0.974 3.79E-03 0.057 0.999 1.98E-04 0.014 0.924 9.66E-03 0.096 
TD80_6 mm 0.986 1.91E-03 0.041 1 4.67E-05 0.007 0.937 7.58E-03 0.085 
Average 0.979 1.81E-03 0.014 0.995 5.21E-04 0.008 0.951 2.70E-03 0.021 
TD50, Tray drying at 50°C; TD60, Tray drying at 60°C; TD70, Tray drying at 70°C; TD80, Tray drying at 80°C. 
 
 

Table 4. Constants of the best-fitted drying model of bael fruit pulp 

   Constants of Page model 
MR = exp(–ktn) 

   

 
Drying method 

Temperature  
(°C) 

Thickness  
(mm) 

 
k 

 
n 

Coefficient of  
determination (R2) 

Chi-square  
(χ 2) 

 
RMSE 

 

Sun drying – 2 0.023 1.019 0.999 8.92E-05 8.45E-03 
  4 0.009 0.991 0.996 4.33E-04 1.93E-02 
  6 0.004 1.059 0.996 4.34E-04 1.96E-02 
Solar drying – 2 0.000 1.685 0.990 1.34E-03 3.37E-02 
  4 2.564E-5 1.818 0.996 6.06E-04 2.32E-02 
  6 3.201E-5 1.748 0.996 7.26E-04 2.56E-02 
Greenhouse drying – 2 0.001 1.616 0.987 2.20E-03 4.06E-02 
  4 0.000 1.741 0.999 1.58E-04 1.18E-02 
  6 0.000 1.635 0.999 9.22E-05 9.08E-03 
Tray drying 50 2 0.001 1.320 0.995 5.75E-04 2.22E-02 
  4 6.360E-5 1.630 0.983 2.45E-03 4.68E-02 
  6 3.826E-5 1.658 0.985 2.17E-03 4.45E-02 
 60 2 0.001 1.572 0.996 5.15E-04 2.17E-02 
  4 0.000 1.682 0.996 5.25E-04 2.23E-02 
  6 0.000 1.599 0.993 7.44E-04 2.66E-02 
 70 2 0.002 1.435 0.996 4.63E-04 2.04E-02 
  4 0.000 1.579 0.997 3.10E-04 1.71E-02 
  6 0.000 1.533 0.998 2.12E-04 1.42E-02 
 80 2 0.000 1.799 0.993 9.07E-04 2.82E-02 
  4 0.000 1.889 0.999 1.98E-04 1.35E-02 
  6 0.000 1.701 1.000 4.67E-05 6.61E-03 

 
 
bael pulp drying followed a straight line with an angle of 
45°, which indicates the suitability of the Page model for 
describing the drying of bael fruit pulp. A similar approach 
for selecting a model for thin-layer drying has also been 
reported for carrot pomace17 and bael fruit pulp5,18. 

Conclusion 

In this study, the bael fruit pulp was dried using various dry-
ing methods and for different levels of pulp thickness. 
The drying rate decreased gradually with time for various 
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Figure 2. Experimental versus predicted moisture ratio (Page model: MR = exp(–ktn)). 
 
 
drying methods and thickness of pulp. The maximum total 
phenol content of 41.95 mg/100 g was found in bael 
powder dried using the natural drying method, i.e. green-
house drying with 2 mm pulp thickness. While in mechanical 
drying at 50°C and 2 mm pulp thickness, it was 43.79 mg/ 
100 g. Maximum antioxidant activity of 107.62 mg/100 g 
was found in bael powder dried using a natural drying method 
with 2 mm thickness of bael pulp. While at 50°C and 
80°C with 2 mm thickness of bael pulp, the maximum anti-
oxidant activity of 108.09 mg/100 g was observed for 
mechanical drying. Maximum overall acceptability score was 

found in bael powder with 2 mm thick pulp in both the 
drying methods, i.e. natural and mechanical. The Page model 
was found to be the best fitted for drying bael fruit pulp using 
different drying methods or temperatures and levels of 
pulp thickness, with average values of R2, RMSE and χ 2 

being 0.995, 5.21E-04 and 8.39E-03 respectively. 
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Abstract 

The impact of mythology in Indian graphic novels is a fascinating exploration of storytelling, 

successfully merging mythology with modern visual narratives. Ancient myths are creatively 

reinterpreted and presented in these vibrant graphic novels, which appeal to contemporary 

readers by providing new insights and meanings. Indian mythology offers a vast array of 

characters, epics, and symbols that graphic novelists adeptly use into their works. These 

graphic novels revitalise mythical stories by using complex visual components and unique 

storytelling strategies. Indian graphic novels invite readers to explore the enduring relevance 

and evolving interpretations of mythology in the dynamic realm of visual storytelling. This 

research paper explores the complex progress of mythology and visual narrative in 

contemporary Indian literature, specifically examining Amruta Patil’s Adi Parva: Churning 

of the Ocean (2012). The research begins by analysing theories of visual language, 

investigating the ways in which symbols and visual elements enhance the narrative in 

graphic novel. The study covers the examination of how graphic novels are received, assessing 

their influence on popular culture and their evolving interpretation of Indian mythology. 

This study offers a comprehensive understanding of how Indian graphic novels function as 

vehicles for cultural reinterpretation and contribute to the continuous development of 

mythological narratives in contemporary literature. 

 

Key Words: Visual Narratives, contemporary society, Indian graphic novels, 

Mythology 

 

Mythology has great importance in Indian culture, exerting influence on a wide 

range of ideas, themes, and narratives. Indian literature has been profoundly 

impacted by it and has been transmitted across centuries via oral traditions. Myths 

are intricate narratives that provide profound insights into the nature of the world 

and human existence, serving as symbolic representations of primal impulses and 

comprehension of the cosmos. The resurgence of interest in ancient myths among 

creative writers has been ignited by the recognition of mythology as a source of 

universal emotions. Indian authors have incorporated mythological elements into 
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numerous genres of literature, drawing inspiration from Vedic scriptures, Epics, and 

Puranas. The advent of globalisation in today's day provides an opportunity to 

reinterpret and re-examine myths, thereby offering new perspectives. Mythofiction, 

also known as mythic fiction or mythological fiction, is a contemporary trend that 

involves the reinterpretation, recreation, retelling, remembrance, reintroduction, and 

reinvention of tales from a contemporary standpoint. Authors such as Anand 

Neelakantan, Amish Tripathi, Ashok K Banker, Devdutt Pattanaik, Nilanjan P 

Choudhuri, Chitra Banerjee Divakaruni, Kavita Kane, and Amruta Patil use 

mythology as a means to discover fresh avenues for artistic representation and build 

a novel narrative in Indian literature produced in the English language. 

Writers innovate semiotics by developing new approaches and styles, aiming to 

portray the irrationality of existence, its fundamental drives, and ceaseless battles via 

the use of myths. Ancient myths provide the foundation of history, philosophy, and 

psychology in contemporary popular culture. Through their involvement in creative 

processes, they evaluate, examine, and evaluate modern society. Currently, there is a 

growing trend of experimentation and innovation in several genres of Indian fiction, 

including graphic novels, science fiction, chick literature, and diaspora writing. Their 

approaches to examine Indian literature provide a formidable obstacle to our 

traditional technique, particularly due to the emergence and widespread adoption of 

novel forms in the contemporary era. 

Contemporary graphic novels, which blend text and art to create a compelling tale, 

have grown to be an important part of Indian mythology. These novels bridge eras 

and cultures, enabling readers to understand and interact with India's rich 

mythology. The visual aspect of graphic novels is essential in depicting deities, 

divine entities, mythological creatures, and the complex symbolism found in Indian 

mythology. Furthermore, the visual features provide an aesthetic charm that may 

fascinate a wide range of readers, even those who do not often interact with 

conventional texts. 
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Graphic novels provide a distinct platform for reimagining and retelling tales, 

showcasing the cultural backdrop of contemporary society. Artists and writers have 

the ability to include their own perspectives into these tales, while still 

acknowledging the essential themes and principles of Indian mythology. Adaptation 

is crucial for preserving the significance and applicability of myths in contemporary 

contexts. Indian myths are characterised by their elaborate story frameworks and the 

presence of several characters. Graphic novels effectively convey these narratives via 

unified visual storytelling, hence improving accessibility and understanding for 

readers. Graphic novels facilitate the dissemination of Indian mythological concepts 

to a worldwide audience by surpassing language boundaries, so promoting a more 

extensive comprehension of Indian culture and mythology. 

Graphic novels often consist of multimodal tales. They communicate their narratives 

by using both verbal and visual mediums to establish significances. Will Eisner, a 

renowned figure in the comic industry, used the term "sequential art" to encompass 

both comics and graphic novels. He defines it as, ‚a means of creative expression, a 

distinct discipline, an art and literary form that deals with the arrangement of 

pictures or images and words to narrate a story or dramatize an idea‛ (11). Indian 

Graphic Novels, originating in the latter half of the 20th century, depicted 

mythology, everyday life, and imaginative elements, providing profound insights 

into the culture and customs of India. Anant Pai released the first Indian comic book, 

Amar Chitra Katha, in 1967. The development of Indian graphic novels has 

progressed swiftly during the 21st century, marked by the emergence of the first 

Indian Graphic Novel, River of Stories, authored and drawn by Orijit Sen in 1994. 

The genre has undergone a transformation from its origins as comic book series to 

books, effectively exploring and discussing social, cultural, and political matters. In 

the present time, a number of authors are making significant contributions to Indian 

Graphic Novels. Some notable examples include Sarnath Banerjee's works such as 

Corridor (2004), The Barn Owl's Wondrous Capers (2007), and The Harappa Flies 
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(2011). Additionally, Naseer Ahmed's Kashmir Pending (2007), Saraswati Napal's 

Sita, Daughter of the Earth (2011), Draupadi: The Fire-Born Princess (2013) and 

Chhotu: A Tale of Partition and Love (2019) are also worth mentioning. The recent 

surge in popularity of Graphic Novels may be attributed to the contemporary 

preference for novels that include visual elements. The presence of image 

illustrations in a book also has a big impact on capturing the attention of readers.  

Graphic novels typically have a structural framework consisting of a panel, 

voiceover, speech bubbles, emanta, expressions, gutter, narration, colour, graphic 

weight, foreground, midground, background, and transitions. The panel provides a 

perspective for the reader, similar to adjusting the focus of a camera. Voiceover 

establishes a direct communication channel with the reader, allowing for a discourse 

about the story. Speech bubbles visually represent a character's thoughts or 

utterances, while emanta uses symbols like hearts, question marks, and tears to 

convey emotions. Expressions convey facial or bodily gestures to convey emotional 

states. The gutter, the space between two panels, prompts the reader to infer events 

throughout the temporal gaps. Narration uses textual elements and visual imagery 

to convey the storyline, leaving little room for the reader's interpretation. Colour 

enhances dramatic elements within narratives, while graphic weight defines how a 

picture differs or contracts. Foreground, midground, and background provide a 

comprehensive understanding of the topic, while transitions, such as the gutter, 

serve as the space between panels in comic or graphic novels. Overall, graphic books 

effectively convey their intended message and engage the reader. 

When analysing a graphic novel, it is crucial to focus our attention on the specific 

characteristics pertaining to the text, such as, 

 the perspective it takes.  

 The balance between the written information and its visual features 

 Elements of colours and brush strokes. 

 Plot: The sequence of events in a story or narrative.  
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 Grammatical organisation of sentence: The structure and organisation of 

words and phrases in a sentence. 

Amruta Patil is an author of Graphic Novels who gained acclaim for her visual arts 

and use of new methods in her artwork. Her works not only include modern 

subjects, but also showcase the display of graphic arts that dynamically convey the 

depth of her characters and the tale. Amruta Patil, born in Pune in April 1979, gained 

recognition as the pioneering female Graphic Novelist from India. Her Graphic 

Novels are enhanced by her independent and traditional visual style, which 

encompasses watercolour, charcoal, acrylic painting, and collage, resulting in a more 

aesthetically pleasing outcome. She has used bold portrayals to depict figures from 

Indian mythology in order to reveal contemporary social concerns, political 

dilemmas, and environmental abuse that are pertinent to present-day audiences. 

Graphic novels, which combine text and images where the images serve to support 

and offer context for the tales, continue to be both captivating and easily 

comprehensible. Amruta Patil has used graphic novels as a means to reveal 

reoccurring motifs such as mythology, sustainable lifestyles, sexuality, identity, the 

environment, and oral traditions. Through this method, some crucial topics of 

society are disseminated to the general public and are also relevant to contemporary 

society. Furthermore, delving into mythology not only simplifies the process of 

reading, but also provides a profound understanding of the narrative, allowing 

readers to acquire information about India's ancient history, traditions, and culture. 

Adi Parva: Churning of the Ocean (2012) is the second Graphic Novel authored by 

Patil. Many individuals are drawn to reading epics when they are presented with 

visual depictions, which is why a significant number of people are familiar with 

epics via various forms of visual media rather than primarily through 

books. Amruta Patil's Adi Parva: Churning of the Ocean showcases captivating 

images, the artist's ingenuity, and imagination as it presents the many characters and 

history of the Mahabharata. Patil included the intellectual elements of Mahabharata 
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that resonate with contemporary audiences. The Mahabharata narrative is framed by 

a meta-narrative in which a woman, who is subsequently revealed to be the goddess 

Ganga, narrates the story to the audience. The story presents events from the 

Mahabharata in a non-teleological or chronological fashion. The Adi Parva employs 

a narrative style that alternates between two levels, progressing thematically rather 

than only depending on the chronological sequence of events. The narrative's levels 

are visually distinguished by the deliberate use of lines and colours. The chosen 

selection emphasises the diverse tones and spatio-temporal characteristics of both 

the narrative and the actual setting where the storytelling takes place. The first 

chapters of Adi Parva fulfil the function of creating separate narrative places and 

levels. One of these areas is a dynamic and referential palimpsest, distinguished by 

vibrant hues, that forms the narrative universe. In comparison, the other region 

seems external and devoid of vibrancy, giving the impression of being blurred and 

mundane, with a prevailing hue of charcoal grey. (Fig 4.1) 

 

Fig 4.1 Free-point (12) 

The first chapter, titled "Sutradhar," begins with the culmination of the Kurukshetra 

conflict, signifying the epitome of the Mahabharata narrative. However, the story 

then shifts to the investigation of the beginnings of the universe. The first panel 

features an illustration of a vulture, which is then followed in the next four panels. 
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The next image shifts to a broader perspective, revealing the existence of white 

people distinguished by ultramarine contours, symbolising departed persons and 

those in a state of grief. The background is adorned with an assortment of crimson 

hues. Page five has a remarkable similarity to the morphology of blood cells inside a 

blood artery. Prior to reaching the last page of the chapter, there is a full-page panel 

that shows a metamorphosis taking place. In this transition, the white individuals 

and scarlet background take on the look of blood platelets. Positioned at the top left 

corner of the visual composition is a representation of a dead person, showing the 

head and upper body, with visible blood flowing from the area around the skull. 

Patil skilfully used visual elements to properly communicate the significance of 

blood throughout her narrative. (Fig 4.2) 

 

Fig 4.2 Begging (24) 

The latter portions of the chapter reveal the noticeable existence of anchoring textual 

bubbles. The bubbles are created by an anonymous narrator and are penned by hand 

without any noticeable emphasis. The chapter relies on Patil's analysis of Paul 

Gaugin's Vision after the Sermon, which sparked her investigation into different 

shades of red and their contrast with ultramarine blues. 

Patil's Adi Parva, explore the complex influence of mythology in contemporary 

society, taking inspiration from Roland Barthes' influential text, "Mythologies." 

Barthes' analysis of the manner in which myths operate as cultural symbols and 
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transmitters of social principles is especially pertinent to Patil's artistic pursuits. Patil 

adeptly reinterprets old Indian stories in "Adi Parva," expertly weaving them 

together with new surroundings to contemplate the collective consciousness of 

present-day society. Patil uses Barthes' idea of myths as cultural structures to analyse 

and scrutinise prevalent beliefs, hence questioning and challenging society 

conventions within the narrative space. 

Patil's graphic novels use mythical ideas to shed light on contemporary concerns and 

societal systems via a combination of visual and narrative elements. By using visual 

symbolism and storytelling techniques, she examines the several layers of cultural 

importance that are intricately woven within myths. In doing so, she illuminates the 

enduring impact of these ancient legends on our perception and comprehension of 

the world. By doing this, Patil actively interacts with Barthes' concept that. ‘Myths 

are omnipresent in everyday life, shaping perspectives and strengthening societal 

beliefs.’ Patil's contribution in this endeavour helps to a wider discussion on the 

fluid and ever-changing connection between mythology and the continuously 

developing fabric of contemporary society. 

Patil's novels, include a complex process of transforming myths via several layers. 

The historical transfer from oral traditions to written texts included a change in story 

form, emphasis, and the level of involvement of the audience. The oral tradition 

facilitated flexibility and spontaneity, enabling the tale to be adjusted according to 

the audience and circumstances. Written documents led to the standardisation of 

myths, which were often shaped by the perspectives and objectives of the writers 

and readers. 

Within the modern visual media, specifically in graphic novels, the concept of 

adaptation assumes a fresh perspective. Patil's visual storytelling is a unique style of 

adaptation that effectively translates mythology into a language that seamlessly 

blends picture and narrative. The visual story enables an active and dynamic 

interaction with the mythical content, as readers explore the interrelationship 
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between written word and graphic representation. Patil's use of graphics enhances 

the interpretive aspect of the tales, providing readers with a novel and immersive 

perspective. 

Furthermore, here readers are not passive consumers of text, but rather actively 

interact with a visual environment that supports and enriches his enduring 

narrative. The visual medium has the capacity to elicit a more intense and emotive 

reaction, influencing the way the altered myths are seen in a unique manner. As the 

saying "A picture is worth a thousand words" implies that an image may convey a 

complex message or idea more effectively than a large amount of text; In the field of 

literature, graphic novels play a crucial role in evolving the reading of mythical 

works in current society. 
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Abstract: 

Maximum Profit is the final aim of any organization. The gain arising from the investment of 

capital in the business, the excess of incomes over expenditure is monetary gain or profit in any 

transactions or occupation. Profitability means the ability of any business unit to earn profit 

continuously. Profitability is a situation in which an entity is generating a profit. Profit 

performance is a measure of a company's ability to generate profits from its operations. All 

stakeholders connected with the business entity are interested to know about the profitability of 

the entity. In this paper, an attempt is made to study profitability performance based on Investment 

in the business of selected Cement companies in India. The top 10 cement manufacturing 

companies in India were selected for study and decided to examine the profitability performance 

based on investment for the period of 10 years from 2010-11 to 2019-20. The Return on Capital 

Employed, Return on Equity Shareholders’ Fund, and Earnings per Share ratio are calculated to 

measure profitability performance based on investment. Statistical tools like Mean, S.D., and 

ANOVA were used to analyze data and test hypotheses. The cement Industry is prime and one of 

the crucial industries in India as in other countries. In India first Cement Company was established 

in the year 1914 at Porbandar, Gujarat with a capacity of 10,000 tonnes. Currently, India is the 2nd 

largest producer in worldwide production of cement after China. A huge investment is required to 

establish the cement manufacturing plant. Hence organizations are interested to earn more and 

more returns as profit.  

Keywords: Profit, Profitability, cement manufacture, profitability ratio, investment 
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Currently, India is moving quickly towards a Developed country from a developing 

country. At present India stands at the 3rd place in economy and trying to reach a 5 trillion $ 

economy. The growth and development of any country depend on its economic development and 

growth. In the country, three sectors are very important for economic development. These three 

sectors are the agricultural sector (Primary Sector), Industrial sector (Secondary Sector), and 

Service sector. Every sector plays a vital role and is significant for the economic development of 

each nation. In the present era, the industrial sector has shaped the economic destiny of various 

developing countries, especially in the case of India. Made in India is now working very smoothly 

and playing an important role in the manufacturing sector. One of the important sectors of the 

Indian industry is Cement Industry. The cement industry provides the basic foundation of 

infrastructural development and provides social overheads in the country.  

At present, the government is emphasizing infrastructure development which can be 

achieved only through the presence of a strong cement industry. Cement is the basic raw material 

for the construction of roads, bridges, buildings, etc. 

India is a huge country and has a vast geographical size and a massive population; various 

construction activities undertaken by the central Govt., State Govt., Public Sector Undertakings 

and other organizations, including the private sector generate huge demand for cement. Moreover, 

housing is the first and foremost requirement of every household, and therefore, the first private 

cement industry was laid down in the year 1914, when it first started working in Gujarat. 

As India has a high quantity and quality of limestone deposits throughout the country, the 

cement industry promises huge growth potential. India has a total of 210 large cement plants out 

of which 77 are in the states of Andhra Pradesh, Rajasthan, and Tamil Nadu. India is in the 2nd 

position in the production of cement with 320 MTPA in worldwide production after China 

followed by the USA, Turkey, and other countries. It is expected to reach at reach 401 MTPA in 

2020-21. India’s cement production is expected to rise between 5-7 percent in FY20, backed by 

demands in roads, urban infrastructure, and commercial real estate. The compound Annual Growth 

Rate (CAGR) in the production of cement in India is 5.59%. The Indian cement industry, a 

cornerstone of the nation's infrastructure development, has witnessed a dynamic and often volatile 

journey in terms of profit performance. In recent years, a confluence of factors has reshaped the 

landscape, presenting both challenges and opportunities for cement manufacturers. 

Thrust on infrastructure development and Housing for all with 2 crore houses in Urban 

areas and 4 Rural areas is likely to revive the demand for the cement sector. These sectors are 

considered to drive the cement industries in India to a great extent, which held nearly 67 percent 
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of the total cement consumption in India. Out of the different end-user industries of cement, the 

housing segment accounted for the highest demand in FY 2018. Within this, 38% of demand was 

generated by the rural housing sector, followed by the urban housing sector was 32%. Such high 

demand for cement from the housing sector may be attributed to the fast execution of affordable 

government housing schemes like Pradhan Mantri Awas Yojna and Housing for All by 2022. Apart 

from housing, commercial, and industrial investments, the infrastructure segment accounted for a 

considerable demand for cement in India. The CAGR for the consumption of cement is 5.20%. 

There has been a high growth seen in cement manufacturing in the last decade. Huge long-

term, as well as short-term funds are required for the cement manufacturing unit. Hence, it requires 

checking the profit performance of cement companies. The body of the paper may consist of the 

following points. 

1. Introduction 

2. Profitability 

3. Literature Review 

4. Research Methodology 

5. Data Analysis 

6. Conclusion 

7. References 

8. Annexure 

II. PROFITABILITY:  

In economics, profit is the difference between revenue that an economic entity has received 

from its outputs and the total costs of its inputs, also known as surplus value. It is equal to total 

revenue minus total cost, including both explicit and implicit costs. 

Profitability is a measure of an organization’s profit relative to its expenses. More efficient 

organizations will realize more profit as a percentage of their expenses than a less efficient 

organization, which must spend more to generate the same profit. Profit performance is a measure 

of a company's ability to generate profits from its operations. 

Profitability can tell key stakeholders whether a company can sustain its position in the 

market and continue to grow. It is the extent to which a company earns a profit. There are two 

parts to a company's profitability: revenue and expenses. As such, a company is profitable if its 

revenue exceeds its expenses. 

This metric is often expressed as a financial ratio to help management, analysts, and 

investors better understand how the company can earn the money necessary to cover its expenses 

https://www.investopedia.com/terms/e/expense.asp
https://www.investopedia.com/financial-ratios-4689817
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and other company-related costs. These ratios include profit margins and return on equity (ROE). 

Another key ratio is the earnings before interest, taxes, depreciation, and amortization (EBITDA). 

This ratio lets stakeholders know whether a company is financially healthy and how it can generate 

revenue. 

III. LITERATURE REVIEW: 

Krishna Swarup Gupta (1988) in his analysis on “Financial Statements of Indian Cement 

Industry: A case study of Associated Cement Companies”, brought the results that the rate of return 

on total capital employed was measured at 4.2% against the ideal rate of 18% to 24% which is 

very poor. The total investment had been highly unprofitable. However, the activity and liquidity 

position showed significant levels. The stock turnover ratio was uniformly good. Debtors varied 

from 5% to 8% on total current assets. Credit and collection policies were effectively enforced. 

The percentage of the equity to net fixed assets was below 45%, indicating that shareholders’ funds 

were inadequate to finance fixed assets. 

Chandrasekaran N. (1993) had attempted to examine “Determinants of Profitability in Cement 

Industry”. The study aimed at drawing inference on the impact of policy measures that led to 

changes in price and distribution policies relevant to the cement industry. Determinants of 

profitability were analysed using the technique of ordinary least squares. To find out whether the 

profitability function has shifted after estimating the function and the test was also done to 

ascertain the inference. The main findings of this study were that the profitability of the company 

was based on the assets structure and proper utilization of the production capacity. Some of the 

main changes in the cement industry environment during the 1980s identified in this study were: 

from complete control to decontrol, a number of new entrants and substantial additions of capacity, 

changing technology from inefficient wet process to efficient dry process and from conditions of 

scarcity of cement to near gloat in the market. 

Padmaja Manoharan (2002) through the analytical study “An Analytical study in Profitability 

of Cement Industry in India” has revealed the variation in profitability of Indian cement companies 

depending on age, size, and region. The study identified that the quality of earnings depends on 

management and leverage management. Further, the analysis concludes that the profitability and 

quality of earnings are influenced by the liquidity factor. 

P. K. Das (2006) examined “The Dividend practices in selected Cement Industry” from 1985-86 

to 2004-2005. He found that the company followed a conservative dividend policy during the study 

period. There was a significant increase in profitability due to earnings per share and the capital 

employed current ratio was in decreasing trend. 

https://www.investopedia.com/terms/e/ebitda.asp
https://www.investopedia.com/terms/s/stakeholder.asp
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G. Vijayakumar (2009) had completed his Ph. D. on “Financial Performance of Cement Industry 

in India” in the year 2009. He covered technological changes, new investment, merger and 

acquisition, government initiatives, Ready mix concrete business. 15 cement companies were 

selected for study by him. The study covers a period of 10 years i.e. from 1998–99 to 2007-08. 

The data was analysed by working of Solvency Ratio, Profitability Ratio, and Management 

efficiency, and other various statistical tools were also used in the study. He found that the average 

current ratio of the selected companies is 1.45 which is below the ideal ratio of 2:1, while the 

average quick ratio of the selected companies is 1.22, which is above the ideal industrial 

benchmark of 1:1. The average current assets to fixed assets ratio is 37% for the samples selected. 

It is almost matching with the ideal ratio. The average debt-equity ratio is 1.93 times for the 

samples selected which is almost near to the ideal ratio. The average Gross Profit Ratio for the 

samples studied is 16.78% and the average net profit ratio of the sample selected is 2.26% while 

the Average Operating Profit Ratio of all selected samples is 19.57 % and average ROI for the 

sample selected is 9.07%. The average return in terms of net profit on common equity for the 

selected sample is 2.11 times and the average dividend pay-out ratio of the selected sample is 

0.19:1 while the average annual growth rate of EPS is 61%. 

Dr. S. J. Bhayani (2010) had published an article on “Determinant of Profitability in Indian 

Cement Industry: An Economic Analysis” in the South Asian Journal of Management in the year 

2010. In this article, he attempted to identify which variables are judging the profitability of the 

Indian Cement Industry. The study covers all listed cement firms working in India from 2001 to 

2008. To determine profitability backward regression analysis was used on the variables of the 

study. The result of the study shows that liquidity, age of firm, operating profit ratio, interest rate, 

and the inflation rate have played a vital role in the determination of the profitability of the Indian 

Cement Industry. 

Zubair Arshad and Muhammad Yasir Gondal (2013) made a study on “Impact of working 

capital management on profitability- A case of the Pakistan cement industry”. They selected 21 

cement companies for a study period of 6 years from 2004-2005 to 2009-2010. The study applied 

regression analysis and various ratios. The study suggested that the profitability of the undertaking 

might be increased by shortening inventory periods. The positive relationship between the account 

receivable period and profitability could be reduced. Therefore their power insufficient 

competition can lead to a decrease in profitability. Empirical findings of the study indicate that the 

current ratio and net current ratio on total ratio have significantly positive effects on firm 

profitability. This means that while accounts receivables and inventory periods lengthen, 
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profitability increases, or vice versa. The other variables that have significant effects on firm 

profitability are quick ratio affecting it negatively. This means that any increase in stock leads 

profits to down. The other variables included in the regression model working capital turnover 

ratio and inventory turnover ratio has no statistically significant effects on firm profitability. 

Ankit D. Patel (2015) had done his Ph. D. on “Financial Analysis of Cement Industry of India: A 

Statistical Approach” in 2015. He has selected 18 cement companies in his study. The selected 

companies were Prism Cement Ltd., The India Cement Ltd., Sanghi Industry Ltd., UltraTech 

Cement Ltd., Binani Cement Ltd., Grasim Industry Ltd., Birla Corporation Ltd., J. K. Cement Ltd., 

J. K. Lakshmi Cement Ltd., Chettinad Cement Ltd., N. C. L. Industries Ltd., Shree Cement Ltd., 

Mangalam Cement Ltd., Madras Cement Ltd., Barak Valley Cement Ltd., Sagar Cement Ltd., 

Everest Industries Ltd., and Deccan Cement Ltd. He covered the period of 10 years from 2002-03 

to 2011-12. In his study, he discussed facts of the cement industry in India, strong points of the 

cement industry and stimulations need for it, comparison with global regional consumption 

production, and per-capita consumption by different countries. For analysis, he used ratio analysis, 

trend analysis, and ANOVA test. He found that the Gross Profit ratio of the cement industry in 

India during the first half of the decade was improved from 11.04 to 27.88, while during the second 

half of the decade it declined from 29.32 to 13.37. The Net Profit Margin ratio of the cement 

industry of India during the first half of the decade was improved from -6.57 to 16.46, while during 

the second half of the decade it was declining from 15.76 to 3.12. The Return on Capital Employed 

Ratio of the cement industry of India during the first half of the decade was improved from -0.425 

to 24.65 and then the trend of Return on Capital Employed Ratio started declining. During the 

second half of the decade, it was declining from 23.37 to 6.91. The Return on Shareholders' Fund 

Ratio of the cement industry of India during the first half of the decade was improved from -5.57 

to 27.86 respectively and then the trend of Return on Shareholders' Fund Ratio started declining. 

During the second half of the decade, it was declining from 25.97 to 3.14. He also analyzed that 

so far as the current ratio is a concern, the trend of this ratio was downward. This ratio indicates a 

linear downward trend. In the case of the debt-equity ratio had a linear declining trend with a 

regression coefficient of -15.085 which means during the decade the cement industry of India's 

performance was satisfactory because the cement industry highly depended on its own equity funds 

and can repay its long term liability easily. 

Pankaj Yadav (2017) published an article “An Analysis of Indian Cement Industries based on 

Profitability Performance”. He attempts to assess the profitability position of cement companies. 

He selected 10 listed cement companies for 5 years period i.e. from 2012-13 to 2016-17. ACC 
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Cement Ltd., Ambuja Cement Ltd., Birla Corporation Ltd., Dalmia Cement Ltd., Heidelberg 

Cement Ltd., India Cement Ltd., Manglam Cement Ltd., Prism Cement Ltd., Shree Cement Ltd., 

UltraTech Cement Ltd. were selected by him. He measured the Operating Profit Ratio, PBIT 

Margin, Net Profit Ratio, Return on Capital Employed Ratio, Return on Equity Shareholders’ 

Fund, Return on Long-term Fund, Earnings per Share, and Dividend per share. Motaal Rank Test 

was used by him to test hypotheses. He concludes that the companies selected for the study show 

that the industry is somewhat doing well as far as profitability ratios are concerned. UltraTech 

Cement Ltd., Ambuja Cement Ltd., Shree Cement Ltd., and ACC Cement Ltd. are a top performer 

in the industry while Prism Cement and Heidelberge Cement perform badly. 

IV. RESEARCH METHODOLOGY:  

I.I Objectives: 

To examine the profitability performance based on Investment during the period of 

study of the selected cement companies under study. 

I.II Hypotheses: 

Null hypotheses constructed for the study are as under: 

Ho1 There is no significant difference in the Return on Capital Employed ratio of 

selected cement companies. 

Ho2 There is no significant difference in the Return on Equity Shareholder’s Fund ratio 

of selected cement companies. 

Ho3 There is no significant difference in the Earning per Share (EPS) ratio of selected 

cement companies. 

 

Alternative hypotheses constructed for the study are as under: 

H11 There is significant difference in the Return on Capital Employed ratio of selected 

cement companies. 

H12 There is significant difference in the Return on Equity Shareholder’s Fund ratio of 

selected cement companies. 

H13 There is significant difference in the Earning per Share (EPS) ratio of selected 

cement companies. 

I.III Universe: 

The universe of the study consists of all the limited companies working in India and 

listed on the stock exchange of India in the cement industry. 

I.IV Sample: 
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The top 10 Indian cement companies were selected based on Revenue and Market share 

as of 31st March 2020. 

I.V Period of Study: 

The period of the study is 10 years i.e. 2010-11 to 2019-20. 

I.VI Data Collection: 

The study is totally based on subsidiary data. The required data for the present study has 

been collected from the published annual reports and financial statements of selected 

cement companies in India. 

I.VII Tools and Techniques for Data Analysis: 

Out of different ratios, three key ratios to measure profitability performance based on 

Investment were calculated. The Return on Capital Employed ratio, Return on Equity 

shareholders’ Fund ratio and Earning per Share (EPS) ratio was calculated. 

For statistical analysis, tools viz. EXCEL and SPSS 22.0 trial versions were used. For 

the comparison of different ratios among selected 10 companies in the cement sector, 

techniques of statistical analysis like parametric test (ANOVA) or non-parametric test 

(Kruskal -Wallis test) can be applied. To decide, which test is applicable for a specific 

ratio, first of all, the normality assumption is verified using Shapiro-Wilk Test. If the 

normality assumption is violated, then a non-parametric test (Kruskal -Wallis test) is 

applied. If the normality assumption is not violated, then a parametric test (ANOVA) is 

applied. ANOVA has one more assumption of homogeneity of variance. If the 

homogeneity of variance assumption is not violated then Fisher’s ANOVA is used and 

if the homogeneity of variance assumption is violated then Welch ANOVA is used. The 

assumption of Normality and assumption of homogeneity of variance are shown in 

Annexure – I and Annexure – II respectively.  

V. Data Analysis: 

V.I Return on Capital Employed Ratio:  

The Return on Capital Employed ratio for the period of study for 10 cement companies is 

as under: 

Table: 1 Return on Capital Employed Ratio 

Name 

of 

Compan

y 

2010

-11 

2011

-12 

2012

-13 

2013

-14 

2014

-15 

2015

-16 

2016

-17 

2017

-18 

2018

-19 

2019

-20 

Avg

. 

SD 

UCL 12.4

7 

19.6

9 

19.0

6 

12.8

8 

12.9

9 

13.3

7 

13.9

2 

10.3

7 

10.7

0 

12.0

3 

13.7

5 

3.1

7 
ACL 7.15 23.4

4 

27.6

7 

16.2

0 

7.96 6.94 18.0

9 

16.1

2 

11.4

1 

13.9

2 

14.8

9 

6.9

4 
ACCCL 22.7

7 

19.9

2 

23.9

7 

15.3

6 

17.1

8 

11.5

6 

7.17 8.42 8.00 9.01 14.3

4 

6.3

8 
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SCL 20.6

3 

18.7

9 

22.3

1 

14.4

8 

13.7

0 

11.1

2 

9.89 13.9

4 

13.9

8 

17.0

8 

15.5

9 

4.0

2 
DCL 5.17 10.0

6 

7.86 4.23 3.84 10.4

0 

12.1

7 

10.1

9 

5.48 5.04 7.45 3.0

5 
BCL 15.9

5 

11.7

6 

10.8

1 

6.25 6.99 7.19 6.55 5.42 5.05 9.25 8.52 3.4

4 
ICL 3.35 10.9

9 

8.56 4.96 7.36 9.53 7.45 5.16 4.81 4.25 6.64 2.5

2 
RCL 10.3

0 

15.7

3 

15.7

9 

6.63 9.78 15.9

4 

19.1

2 

16.1

1 

12.6

5 

11.1

3 

13.3

2 

3.8

3 
OCL 18.9

0 

25.0

4 

27.5

4 

15.8

3 

11.9

0 

4.66 2.99 8.68 7.99 10.7

5 

13.4

3 

8.2

8 
HCL 12.3

1 

2.84 2.97 0.95 10.5

3 

9.48 12.2

8 

16.8

4 

23.3

6 

25.3

2 

11.6

9 

8.3

3 
Overall 

(Mean) 

11.96 6.0

4  

Graph: 1 Return on Capital Employed Ratio 

 

Interpretation: 

From Table- 1 and Graph-1, it is clear that the overall mean of the Return on Capital Employed 

Ratio for selected companies for the selected period of study was 11.96% and S.D. was 6.04. 

The range of the Return on Capital Employed ratio was 0.95 to 27.67. The highest ratio during 

the period was 27.67 for Shree Cement Ltd. in the year 2012-13 while the lowest ratio was 0.95 

for Heidelberge Cement Ltd. in the year 2013-14. Out of 10 selected companies, there were 6 

companies show Return on Capital Employed ratio higher than the overall average ratio. Those 

six companies are UltraTech Cement Ltd., Ambuja Cement Ltd., ACC Cements Ltd., Shree 

Cement Ltd., The Ramco Cement Ltd., and Orient Cement Ltd. with 13.75, 14.34, 15.59, 14.89, 

13.32 and 13.43 respectively. The highest average Return on Capital Employed ratio during the 

period of study was 15.59 for ACC Cement Ltd. 

 UltraTech Cement Ltd. shows a ratio between 10.37 and 19.69. 

 Shree Cement Ltd. shows a ratio between 6.94 and 27.67. It’s a very high-level variation in 

ratio. 

 Ambuja Cement Ltd. shows a ratio between 7.17 and 23.97. 

 ACC Cement Ltd. shows a ratio between 9.89 and 22.31. 

 Dalmia Cement Ltd. shows a ratio between 3.84 and 12.17. 
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 Birla Corporation Ltd. shows a ratio between 5.05 and 15.95. 

 The India Cement Ltd. varies between 3.35 and 10.99. 

 The Ramco Cement Ltd. shows a ratio between 6.63 and 19.12. 

 Orient Cement Ltd. shows a ratio between 2.99 and 27.54. It shows very high volatility in 

Return on Capital Employed ratio. 

 Heidelberge Cement Ltd. shows a ratio between 0.95 and 25.32. It shows very high 

fluctuation in Return on Capital Employed ratio. 

Test of Hypothesis: 

Ho1 There is no significant difference in the Return on Capital Employed ratio of selected 

cement companies. 

H11 There is significant difference in the Return on Capital Employed ratio of selected cement 

companies. 

 

Mean Rank for Return on Capital Employed Ratio as per KW Test 

   

 

 

 

 

 

 

 

Test Statistics 

 Return on Capital Employed Ratio 
Chi-Square (KW-ANOVA) 31.910 

Df 9 
Asymptotic Sig. 0.000 

 

It can be observed from the above table that the p-value of the Kruskal-Wallis Test is less than 

0.01 which indicates that the null hypothesis is rejected at 1% level of significance. It shows that 

there is a significant difference in Return on Capital Employed ratio between selected companies. 

 

 

 

Name of the 

Company 

N Mean 

Rank 

Company 

Rank ACC Cement 

Ltd. 

10 71.70 1 
UltraTech 

Cement Ltd. 

10 64.50 2 
Shree Cement 

Ltd. 

10 63.10 3 
Ambuja Cement 

Ltd. 

10 61.00 4 
The Ramco 

Cement Ltd. 

10 60.50 5 
Orient Cement 

Ltd. 

10 53.80 6 
Heidelberge 

Cement Ltd. 

10 48.10 7 
Birla Corporation 

Ltd. 

10 33.00 8 
Dalmia Cement 

Ltd. 

10 27.10 9 
The India 

Cement Ltd. 

10 22.20 10 
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V.II Return on Equity Shareholders’ Fund Ratio: 

The Return on Equity Shareholders’ Fund ratio for the period of study for 10 cement 

companies is as under: 

Table: 2 Return on Equity Shareholders’ Fund Ratio 

Name 

of 

Compan

y 

2010

-11 

2011

-12 

2012

-13 

2013

-14 

2014

-15 

2015

-16 

2016

-17 

2017

-18 

2018

-19 

2019

-20 

Avg

. 

SD 

UCL 13.1

7 

19.0

2 

17.4

3 

12.5

4 

10.6

8 

10.4

9 

10.9

8 

8.61 8.79 14.2

5 

12.5

9 

3.4

8 
ACL 10.5

6 

22.6

2 

26.1

2 

16.7

1 

8.08 7.36 17.4

0 

15.5

6 

9.91 12.1

4 

14.6

5 

6.2

3 
ACCCL 17.2

4 

14.8

4 

14.7

3 

13.6

5 

14.8

1 

7.84 5.09 6.26 7.08 6.88 10.8

4 

4.5

8 
SCL 17.3

1 

18.4

3 

14.3

7 

14.0

0 

14.1

9 

7.01 6.95 9.77 14.3

1 

11.7

9 

12.8

1 

3.9

2 
DCL 1.79 4.96 6.42 -

0.27 

0.10 4.95 6.94 7.89 2.90 2.12 3.78 2.8

7 
BCL 15.5

4 

10.6

6 

11.0

1 

5.14 6.69 5.81 6.74 4.56 3.26 7.26 7.67 3.7

0 
ICL 1.67 7.20 4.00 -

4.22 

0.82 3.78 3.39 1.93 1.33 -

0.66 

1.92 3.0

5 
RCL 12.3

6 

18.7

8 

17.0

3 

5.55 9.16 18.0

5 

17.3

5 

13.7

5 

11.3

4 

12.2

2 

13.5

6 

4.2

9 
OCL 15.8

7 

18.8

4 

21.3

6 

12.1

9 

19.9

7 

6.12 -

3.25 

4.33 4.51 7.74 10.7

7 

8.1

5 
HCL 8.08 3.58 3.64 -

4.89 

6.83 4.32 7.88 12.7

3 

18.8

4 

20.3

9 

8.14 7.5

5 
Overall 

(Mean) 

9.67 6.3

3  

Graph: 2 Return on Equity Shareholders’ Fund Ratio 

 

 

Interpretation: 

From Table-2 and Graph-2, it is clear that the overall mean of the Return on Equity 

Shareholders’ Fund Ratio for selected companies for the selected period of study was 9.67% 

and S.D. was 6.33. The range of ratio was -4.89 to 26.12. The highest ratio during the period 

was 26.12 for Shree Cement Ltd. in the year 2012-13 while the lowest ratio was -4.89 for 

Heidelberge Cement Ltd. in the year 2013-14. Out of 10 selected companies, there were 6 

companies show Return on Equity Share Holders’ Fund ratio higher than the overall average 

ratio. Those six companies are UltraTech Cement Ltd., Ambuja Cement Ltd., ACC Cements 
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Ltd., Shree Cement Ltd., The Ramco Cement Ltd., and Orient Cement Ltd. with 12.59, 10.84, 

12.81, 14.65, 13.56 and 10.77 respectively. The highest average Return on Equity Share 

Holders’ Fund ratio during the period of study was 14.65 for Shree Cement Ltd. 

 UltraTech Cement Ltd. shows a ratio between 8.61 and 19.02. 

 Shree Cement Ltd. shows a ratio between 7.36 and 26.12. It’s a very high-level variation in 

ratio. 

 Ambuja Cement Ltd. shows a ratio between 5.09 and 17.24. 

 ACC Cement Ltd. shows a ratio between 6.95 and 18.43. 

 Dalmia Cement Ltd. shows a ratio between - 0.27 and 7.89. 

 Birla Corporation Ltd. shows a ratio between 3.26 and 15.54. 

 The India Cement Ltd. varies between - 4.22 and 7.20. 

 The Ramco Cement Ltd. shows a ratio between 5.55 and 18.78. 

 Orient Cement Ltd. shows a ratio between - 3.25 and 21.36. It shows very high volatility in 

Return on Equity Share Holders’ Fund ratio. 

 Heidelberge Cement Ltd. shows a ratio between - 4.89 and 20.39. It shows very high 

fluctuation in Return on Equity Share Holders’ Fund ratio. 

Test of Hypothesis: 

Ho2 There is no significant difference in the Return on Equity Share Holders’ Fund ratio of 

selected cement companies. 

H12 There is significant difference in the Return on Equity Share Holders’ Fund ratio of selected 

cement companies. 

Robust Tests of Equality of Means (Welch) 

Statistica df1 df2 Sig. 

12.282 9 36.523 0.000 
a. Asymptotically F distributed 

It can be observed from the above table that the p-value of the Welch ANOVA is less than 0.01 

which indicates that the null hypothesis is rejected at 1% level of significance. It shows that there 

is a significant difference in Return on Equity Share Holders’ Fund ratio between selected 

companies. 

 

V.III  Earnings per Share (EPS) Ratio: 

The Earnings per Share (EPS) ratio for the period of study for 10 cement companies is as 

under: 
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Table: 3 Earnings per Share (EPS) Ratio 
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Graph: 3 Earnings per Share (EPS) Ratio 

 

 

Interpretation: 

From Table- 4.1.3 and Graph 4.1.3, it is clear that the overall mean of the Earnings per Share 

(EPS) Ratio for selected companies for the selected period of study was 47.81 and S.D. was 

83.58. The range of the Earnings per Share ratio was -5.29 to 435.18. The highest ratio during 

the period was 435.18 for Shree Cement Ltd. in the year 2019-20 while the lowest ratio was -

5.29 for The India Cement Ltd. in the year 2013-14. Out of 10 selected companies, there was 

only 3 companies show Earnings per Share ratio higher than the overall average ratio. Those 

three companies are UltraTech Cement Ltd., ACC Cements Ltd., and Shree Cement Ltd. with 
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92.36, 57.23, and 249.49 respectively. The highest average Earnings per Share ratio during the 

period of study was 249.48 for Shree Cement Ltd. 

 UltraTech Cement Ltd. shows a ratio between 51.24 and 189.02. 

 Shree Cement Ltd. shows a ratio between 60.19 and 435.18. It’s a very high level of positive 

variation in ratio. 

 Ambuja Cement Ltd. shows consistency in the ratio between 4.89 and 9.66. 

 ACC Cement Ltd. shows a ratio between 31.51 and 80.23. 

 Dalmia Cement Ltd. shows a ratio between - 1.04 and 38.76. It shows high positive volatility 

in the ratio. 

 Birla Corporation Ltd. shows a ratio between 14.95 and 41.54. It shows the volatility in the 

ratio. 

 The India Cement Ltd. varies between - 5.29 and 9.54. 

 The Ramco Cement Ltd. shows a ratio between 5.79 and 27.27. 

 Orient Cement Ltd. shows a ratio between - 1.57 and 10.92.  

 Heidelberge Cement Ltd. shows a ratio between - 1.80 and 11.83. 

Test of Hypothesis: 

Ho3 There is no significant difference in the Earnings per Share ratio of selected cement 

companies. 

H13 There is significant difference in the Earnings per Share ratio of selected cement 

companies. 

Mean Rank for Earnings per Share Ratio as per KW Test 

 

 

 

 

 

 

 

Test Statistics 

 Earnings Per Share Ratio 
Chi-Square (KW-ANOVA) 83.875 

Df 9 
Asymptotic Sig. 0.000 

 

Name of the 

Company 

N Mean 

Rank 

Company 

Rank 
Shree Cement 

Ltd. 

10 93.90 1 
UltraTech 

Cement Ltd. 

10 85.70 2 
ACC Cement 

Ltd. 

10 76.10 3 
Birla Corporation 

Ltd. 

10 61.30 4 
The Ramco 

Cement Ltd. 

10 51.90 5 
Dalmia Cement 

Ltd. 

10 42.90 6 
Ambuja Cement 

Ltd. 

10 32.80 7 
Orient Cement 

Ltd. 

10 23.90 8 
Heidelberge 

Cement Ltd. 

10 19.70 9 
The India Cement 

Ltd. 

10 16.80 10 
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It can be observed from the above table that the p-value of the Kruskal-Wallis Test is less than 

0.01 which indicates that the null hypothesis is rejected at 1% level of significance. It shows that 

there is a significant difference in Earnings per Share between selected companies. 

  

VI. Conclusion:  

It is concluded that Ambuja Cement Ltd., UltraTech Cement Ltd., Shree Cement Ltd., The 

Ramco Cement Ltd., and ACC Cement Ltd. performing well in profit generation. Heidelberge 

Cement Ltd. and The India Cement Ltd. show very poor performance as regards profitability. The 

companies selected are doing well as far as profitability ratios are concerned. Notably, Shree 

Cement Ltd., UltraTech Cement Ltd., The Ramco Cement Ltd., and Ambuja Cement Ltd. are the 

top performer. 
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Annexure – I 

Assumption of normality (Shapiro-Wilk) 

Ratio 
Company 

Name 
Statistic df Sig. 

Normality 

Assumption 

R
et

u
rn

 o
n
 C

ap
it

al
 

E
m

p
lo

y
ed

 R
at

io
 

UCL .822 10 .027 Not follows 

Normal 

Distribution. 

So, a non-

parametric 

test applied. 

ACL .895 10 .192 
ACCCL .948 10 .649 
SCL .931 10 .456 
DCL .885 10 .147 
BCL .877 10 .122 
ICL .939 10 .540 
RCL .943 10 .591 
OCL .937 10 .524 
HCL .931 10 .456 

R
et

u
rn

 o
n
 E

q
u
it

y
 S

h
ar

e 

H
o

ld
er

s 
F

u
n
d

 R
at

io
 UCL .917 10 .333 Follows 

Normal 

Distribution. 

So, a 

parametric 

test applied. 

ACL .851 10 .059 
ACCCL .921 10 .363 
SCL .931 10 .462 
DCL .943 10 .585 
BCL .902 10 .228 
ICL .963 10 .819 
RCL .936 10 .513 
OCL .940 10 .557 
HCL .942 10 .573 

E
ar

n
in

g
s 

p
er

 S
h
ar

e 
R

at
io

 

UCL .710 10 .001 Not follows 

Normal 

Distribution. 

So, a non-

parametric 

test applied. 

ACL .921 10 .362 
ACCCL .931 10 .462 
SCL .950 10 .664 
DCL .958 10 .759 
BCL .914 10 .309 
ICL .973 10 .914 
RCL .921 10 .368 
OCL .972 10 .909 
HCL .897 10 .205 

 

Annexure – II 

Assumption of homogeneity of variance 

Ratio Levene 

Statistic 

df1 df2 Sig. Homogeneity 

Return on 

Capital 

Employed 

3.715 9 90 .001 Heterogeneous 

Return on Equity 

Shareholders 

Fund 

3.240 9 90 .002 Heterogeneous 

Earnings per 

Share 

20.075 9 90 .000 Heterogeneous 
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NEW EDUCATION POLICY 
 

Dr. Vandana G. Trivedi 
 
 
 

 
 
 
 
 
 
 

ABSTRACT 
 
 The outcome of teaching must be skill development of a student and achieve the holistic 
development of the student. In our present education system the number of educated people is 
increased, but on the other hand there are many burning problems which are still remain in the 
Economy. Number of students who are committed to suicide is increased. At this time, it is become more 
important to think about to bring reform in Education policy. Gandhiji (Ramakrishna, 2015) said that,” 
Literacy in itself is no education “. That means teaching means not to perceive a degree or making a 
career and earning money. But it is more than it. Keeping in the mind these all aspect New Education 
policy is formed. It will be implemented in the structure gradually. 

 

Keywords: NEP, Skill Development, Teaching, Career, Economy. 

________________ 
 

 

Introduction 

. 

 National Education policy (NEP) has launched in India on 29th July, 2020 with the goal of 
bringing transformation in school level and Higher Education. The old Education policy was introduced in 
1986. After a long period of 34 years this is the first Education policy of 21st century. The policy will work 
in the direction of establishment of importance of Education in the new global Economy. Drucker (1993) 
and Porter (1990) emphasis the importance of Education on the basis of increase of productivity and 
expansion of the Economy by increase competitiveness national level NEP is based upon four main 
aspects like, Equality, Access, Quality and Accountability. 

New Aspects in NEP 

• 10TH and 12th board exam. Will introduce with reconstruction of the structure for the holistic 
development of the student. 

• School examination will take for grade 3, 5 and 8 which will take appropriate Authority.   

• A new National Assessment set up is introduced giving importance to as,(Performance 
assessment, review, and analysis of knowledge for holistic development) which is called  
“PARAKH”  

• Scientific approach, Mathematical ability will get prioritize and coding will introduce from grade 6 
onwards. 

• The 10+2 structure will be replaced by 5+3+3+4 

• In this new structure total 12 years will be of schooling and 3 years of pre-school/ Anganwadi. 

• To promote entrepreneurship, vocational course will introduce from grade 6 in which internship 
is also included.  
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• Mother tongue/ Regional language will be the medium of instruction till 5th grade. No language 
will be forced for students. 

• Sanskrit will introduce as an optional language in schools and higher education.  

• Literature of India and other classical language will be introduced as an option. 

• Higher education will be more flexible, admission in multiple courses will be possible at a same 
period. 

• Education and research will be multidisciplinary. Academic Bank of Credit (ABC) will help the 
students to choose subject as per their interest. They can earn credit and at the time of the 
completion of the degree the credit will be counted. 

• The curricular in all subjects will reduce, practical and field work will be promoted. 

Advantages 

• The NEP is targeted to make possible the comeback of approximately Two crore   students. 
This will make possible to achieve the objective of our constitution, “EDUCATION FOR ALL”.  

• Student’s formative learning will increase because in NEP the 5+3+3+4 structure is applied. This 
5+3+3+4 structure corresponds to ages from 3 to 8, 8 to 11, 11 to 14 and 14 to 18 years. In this 
entire process of education, there will be 12 years of schooling and 3 years of pre-school/ 
Anganwadi.  

• Education in Mother tongue/ regional language will let down the early childhood stress of 
learning foreign language among the children. Researches shows that Mother tongue/ regional 
language are more efficient medium to learn new things. 

• NCERT designed a frame work for early child care, a national level curricular and pedagogical 
framework for the students up to age 8. Which will promote the holistic development of 
students? 

• Mission fundamental literacy and numeracy will be helpful o set up a strong foundation of 
fundamental literacy in the country. 

• National book promotion policy will bring major benefits to the students. 

• School level exams for grade 3, 5 and 8 will organize by appropriate authority.  It is the good 
opportunity to check the student’s ability of certain grade. If the student found weak, extra efforts 
can be made to upgrade them.  10th and 12th board exam. Will organize with modification this 
change will make easy the board exam. Stress of the students. 

• “PARAKH” (Performance assessment, review, and analysis of knowledge for holistic 
development) policy will encourage the overall development of the students. 

• The provision of Balbhavan (special day time boarding school) which will established in every 
state/ district of the country will encourage the participation of the students in sports, arts and 
other related activities. 

• The provision of Academic Bank of Credit (ABC) will help the students to choose subject as per 
their interest. They can earn credit and at the time of the completion of the degree the credit will 
be counted. Multidisciplinary Education and research will bring a high level of intellectual rise in 
the country. Now there is no boundary of subject.  

• Promotion of on line Education will make the student powerful in the use of technology. They 
can have knowledge of particular subject or topic from any corner of the world. On line 
education training will prepare the students to face any upcoming pandemic situation. 

Challenges 

National Education Policy has implemented many new policy which will definitely open up new 
direction for future India, but There are some challenges in the implementation of it.  Like, 

• To find out capable teachers who can teach in mother tongue will be difficult in initial stage of 
the implementation of “NEP”. 

• Teacher- student ratio is already problematic in the country, If the proper appointment of teacher 
will not be done, it will create other issues in Education.  
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• Majority of standard and valuable books regarding any discipline / subjects are available in 
English language, because since India’s Independence English took place as an Important 
language. At the time of implementation of “NEP” it is the big challenge to make available 
material in mother tongue or regional language. To promote Education in mother tongue it is 
very necessary to translate all the material in regional language. 

• In India private sector is actively work in the field of Education, there is a huge gap between the 
level of public school students and private school students. The government must take strong 
and effective steps to fulfill the gap.  

• It may lead to lack of sufficient knowledge of any language in students. 

Conclusion 

Education is considering a powerful weapon to bring positive changes and to promote 
development in the country. “NEP” is applied in the country to bring overall development of the students 
and to build up skilled manpower through it.  There are many significant steps are taken in “NEP”. With 
the advantages of “NEP”, there are also many challenges.  We can hope that the crisis which will occur 
at the time of change in education system, will get set in few years. When any change take place , some 
part of the system get badly affected but with the step by step implementation it is become normal in the 
society.  We can hope it for the “NEP” also.  
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ABSTRACT
Several fields, such asbiological,medical, public health, agricultural sciences, etc., require circular
balanced repeated measurement designs with fewer unequal number of repeated measure-
ments than the number of treatments. Also, the availability and high cost of experimental
subjects in these fields prefer the design in fewer experimental units. However, balancing the
carryover effects of the treatments in minimal experimental subjects is one of the problems in
this case. In this paper, several new series of minimal circular nearly strongly balanced RMDs in
periods of two and three different sizes are constructed. The proposed construction of designs
has high efficiency and, therefore, can save the cost of experimentations due to a fewer exper-
imental subjects. Most of the designs are very useful because of the unavailability of strongly
balanced RMDs for these combinations of parameters. A list of sets of shifts for the construction
of minimal circular nearly SBRMDs has also been mentioned in the Appendix.
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1. Introduction

Experimental design deals with the arrangement of experimental units and the assignment of treatments to them
in such a way that the comparisons among the treatments are unbiased and as precise as possible. The preci-
sion of the experiment depends to a large extent on the size of the experiment and the variations present in the
experimental units. In designing experiments, keeping in view the limitation on experimental resources, efforts are
made to minimize standard errors of estimated contrasts of interest. Mostly error variation arises because of the
variation in experimental units under the same treatments. Therefore, it is suggested to use the same experimental
unit for different treatments in an experiment but in different periods. This results in a type of design known as
repeated measurements design (RMD) which makes them different from other designs presented in the literature
which make use of different experimental units for different treatments. Repeated measurements design (RMD) is
the type of experimental design in which experimental subjects are repeatedly measured by giving a sequence of
treatments. RMDs are a special kind of carryover design in which each subject is influenced by a treatment applied
in a current period called treatment effects and treatment applied in a previous period called carryover effects.
Cross-over designs are RMDs in which each unit receives the sequence of each treatment over different periods.
RMDs in unequal period sizes are very useful if there is a restriction on the total number of treatments, and some
experimental units can receive on the total length of time, while some experimental units can remain in the trial
which results in RMDs of different or unequal period sizes. RMDs balanced in treatments and carryover effects are
useful in several fields such as medicine, pharmacology, animal sciences and psychology where carryover effects
are natural.

2. Literature review

Cheng andWu (1980) proposed the construction of BRMDs andCSBRMDs, especially for unequal block sizes.With
the help of advanced technology in computer systems, the uses of block designs of unequal sizes k are beneficial, and
hence it is very useful in industrial and agricultural experiments. The utilization of different block sizes in biological
experiments was mentioned by Pearce (1964). Afsarinejad (1994) constructed minimal CSBRMDs for different
period sizes. Iqbal and Jones (1994) proposed the construction of efficient RMDs and CSBs for two different period
sizes. Iqbal and Tahir (2009), Iqbal et al. (2010) and Bashir et al. (2018) constructed CSBs for some classes. Rasheed
et al. (2018) recently developed some generators to obtain MCSBs in a period of three different sizes for some
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cases of t, where 2 ≤ k3 < k2 ≤ 10. However, there does not exist MCSBs for certain combinations of treatments
and periods when several treatments are less than the number of periods. Here, minimal circular nearly CSBs are
useful. A design is said to be CNBs (Circular nearly strongly balanced repeated measurement designs) if every
treatment is immediately followed by every other treatment including itself except the treatment (labelled as t-1)
which is not preceded by itself. In this article, some generators are developed to construct CNBs in periods of (i)
two different sizes and (ii) three different sizes. These designs have their own importance in extended scientific
and biological experimentations with different block sizes which consist of clinical experimentations of human and
also animal behaviour responses for the comparison of several non-curative treatments for their effectiveness.With
the advancement of technological computer systems, block designs with unequal sizes p have become very useful
in huge industrial and agricultural experiments. In biological experiments, the utilization of different block sizes
has been studied significantly. RCTs become prone to the unravelling of sizes of the block when it remains the
same throughout the trial, so investigators use different block sizes, i.e. they randomly vary the block size to lower
the chances of unbiasedness (Schulz & Grimes, 2002; Schulz, 1995). There exist different scientific research areas
such as animal husbandry and genetic experimentation. RCTs, where these designs are applied as within-subject
treatment comparisons, are more efficient than between-subject treatment comparisons. These proposed designs
are additions to the literature as they are incorporating different period sizes and also possess good efficiency in
estimating direct and residual effects.

Important definitions with abbreviations used that will be discussed throughout the article are discussed below
briefly.

BRMDs Balanced repeated measurement designs
CSBs circular strongly balanced repeated measurement designs
CNBs Circular nearly strongly balanced repeated measurement designs

2.1. BRMDs

In an RMD each experimental subject or unit receives a series of several treatments in successive periods.

2.2. CSBs

If every treatment is directly preceded by every other treatment (including itself) then it is called CSBs.

2.3. CNBs

In this type of design, every treatment is immediately followed by every other treatment exactly once as well as with
itself except the treatment labelled as v−1, which is not preceded by itself.

In Section 3, the model and information matrix are described along with the formula for the computation of the
efficiency for CNBs. In Section 4, the Method of Cyclic Shifts (MOCS) is described to generate CNBs in different
period sizes. A series of generators is proposed in Section 5 to obtain CNBs in two different sizes of periods. Also,
a series of generators for the construction of CNBs in three different sizes of periods are proposed in Section 6.
Section 7 contains the concluding remarks about the proposed designs. A list of sets of shifts for the construction
of CNBs in two and three different sizes of periods with many treatments smaller than thirty is provided in the
Appendix.

3. Model and efficiency for CNBs

The model used for repeated measurements designs in the literature is the conventional model proposed byMagda
(1980)

yijk = μ + τd(k,j) + γd(k−1,j) + πk + ξij + εijk, (1)

where yijk is the ith observation from the subject jth with the sequence i in period k for which treatment d(k, j) is
given.

μ = Overall mean, τd(k,j) = treatment d(k, j) effect, γd(k−1,j) = treatment d(k-1, j) effect in the period k which
was applied in the period k−1 to the same experimental subject, πk = kth period effect, ξij = jth subject effect of
sequence i, and εijk is i.i.d normally distributed residual term having mean 0 and fixed variance σ 2.



STATISTICAL THEORY AND RELATED FIELDS 3

The joint information matrix of treatment and carryover effects for the CNB is expressed by

A(τ ,γ ) =
(
A11 A12
A′

12
A22

)
,

where A11, A12 and A22 in two different period sizes are expressed by

A11 = R − M − 1
k1
N1N′

1 − 1
k2
N2N′

2 + rr′

n1k1 + n2k2
J,

M =

⎡
⎢⎢⎣

(
s2(k2 − 1) + (s − 1)2

n1 + n2
+ (k1 − k2)

n1

)
Jt−1

(t − 1)(s − 1)
n1 + n2

1t−1

(t − 1)(s − 1)
n1 + n2

1′
t−1

(t − 1)2

n1 + n2

⎤
⎥⎥⎦ ,

A12 = Z − M − 1
k1
N1N̄′

1 − 1
k2
N2N̄′

2 + rr̄′

n1k1 + n2k2
J,

M =

⎡
⎢⎢⎣

(
s2(k2 − 2) + 2s(s − 1)

n1 + n2
+ (k1 − k2)

n1

)
Jt−1

s(t − 1)
n1 + n2

1t−1

s(t − 1)
n1 + n2

1t−1 0

⎤
⎥⎥⎦ ,

A22 = R − M − 1
k1
N̄1N̄′

1 − 1
k2
N̄2N̄′

2 + r̄r̄′

n1k1 + n2k2
J,

and A11, A12 and A22 in periods of three different sizes are expressed by

A11 = R − M − 1
k1
N1N′

1 − 1
k2
N2N′

2 − 1
k3
N3N′

3 + rr′

n1k1 + n2k2 + n3k3
J,

M =

⎡
⎢⎢⎣

(
s2(k3 − 1) + (s − 1)2

n1 + n2 + n3
+ (s − 1)2(k2 − k3)

n1 + n2
+ (s − 2)2(k1 − k2)

n1

)
Jt−1

n3(s − 1)
n1 + n2 + n3

1t−1

n3(s − 1)
n1 + n2 + n3

1′
t−1

n23
n1 + n2 + n3

⎤
⎥⎥⎦ ,

A12 = Z − M − 1
k1
N1N̄′

1 − 1
k2
N2N̄′

2 − 1
k3
N3N̄′

3 + rr̄′

n1k1 + n2k2 + n3k3
J,

M =

⎡
⎢⎢⎣

(
s2(k3 − 2) + 2s(s − 1)

n1 + n2 + n3
+ (s − 1)2(k2 − k3)

n1 + n2
+ (s − 2)2(k1 − pk2)

n1

)
Jt−1

sn3
n1 + n2 + n3

1t−1

sn3
n1 + n2 + n3

1′
t−1

0

⎤
⎥⎥⎦ ,

A22 = R − M − 1
k1
N̄1N̄′

1 − 1
k2
N̄2N̄′

2 − 1
k3
N̄3N̄′

3 + r̄r̄′

n1k1 + n2k2 + n3k3
J.

Here,

n1 subjects measured repeatedly up to k1 size
n3 subjects measured repeatedly up to k3 size
s number of sets of shifts
N1 t incidence matrix vs 1 to n1
N2 t incidence matrix vs n1 + 1 to n1 + n2
N3 t incidence matrix vs n1 + n2 + 1 to n1 + n2 + n3
N̄1 residual incidence matrix vs 1 to n1
N̄2 residual incidence matrix vs n1 + 1 to n1 + n2
N̄3 residual incidence matrix vs n1 + n2 + 1 to n1 + n2 + n3
r vector of replication of treatments
r̄ vector of replication of residual
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R diagonal matrix of replication of t
R diagonal matrix of replication of residual
J matrix of 1s

Then the information matrix of the treatment and carryover effects are Aτ = A11 − A12A−
22A21 and Aγ =

A22 − A21A−
11A12, respectively.

RMDs should be analysed for their capability of discriminating the effects of treatment from carryover effects.
Hanford (2005) has given the criteria to compare theRMDsbased on this ability. Divecha andGondaliya (2014) gave
a convenient method for calculating the efficiency of separability (ES) for the BRMDs. This formula considering
the provided constraints of our proposed type of RMDs is given by

ES =
[
t
√
t − 1 − 1
t
√
t − 1

]
× 100% (2)

4. Constructionmethodology

Construction of CNBs from all the series of generators requires an understanding of rule II of a MOCS which was
proposed by Iqbal and Jones (1994). MOCS (Rule II) is defined here briefly for constructing CNBs in periods of
different sizes.

Let S1 = [q11, q12, . . . ,qp1−1], S2 = [q21, q22, . . . ,qp2−1] and S3 = [q31, q32, . . . ,qp3−2]t be the sets of shifts, where
0 ≤qij ≤ v-2. If every element 0, 1, . . . , v-2 appears exactly once in S∗, it is CNB in periods of sizes p1, p2 and
p3, where S∗ = [q11, q12, . . . , qp1−1, q21, q22, . . . ,qp2−1, q31, q32, . . . ,qp3−1, v-1-(q11+ q12+ . . . + qp1−1) mod (v-1),
v-1-(q21+ q22+ . . . + qp2−1) mod (v-1)]. In these sets of shifts, the sum of any 2, 3, . . . , or (p-3) successive elements
should not be 0 mod (v-1). If so, rearrange them.

Consider here the Rule II of a MOCS briefly for the construction of CNBs with the help of an example as t = 13,
S1 = [3, 4, 5, 9, 8] and S2 = [6]t.

Take t-1 experimental subjects for one set of shifts [3,4,9,5,8]. Write 0, 1, . . . , t-2 in the first period of t-1 exper-
imental subjects, respectively. For the second period of every subject, add 3 mod (t-1) to every element of the first
period of each subject. Then add 4 mod (t-1) to every element of the second period which gives the treatment
number of the third period in each subject. Similarly add 9, 5 and 8, respectively.

Experimental Subjects

Periods 1 2 3 4 5 6 7 8 9 10 11 12

1 0 1 2 3 4 5 6 7 8 9 10 11
2 3 4 5 6 7 8 9 10 11 0 1 2
3 7 8 9 10 11 0 1 2 3 4 5 6
4 4 5 6 7 8 9 10 11 0 1 2 3
5 9 10 11 0 1 2 3 4 5 6 7 8
6 5 6 7 8 9 10 11 0 1 2 3 4

Take t-1 more subjects for the second set of shifts [6]t. Allocate 0, 1, . . . , t-2 to every subject in the first period,
respectively. To obtain the elements of the second period for every subject, add 6 mod (t-1) to every element of the
first period for all subjects. Then insert t-1 (i.e. 12) in each element of the third period.

Subjects

Periods 13 14 15 16 17 18 19 20 21 22 23 24

1 0 1 2 3 4 5 6 7 8 9 10 11
2 6 7 8 9 10 11 0 1 2 3 4 5
3 12 12 12 12 12 12 12 12 12 12 12 12

The above design is CNB in t = 13, k1 = 6, k2 = 3, n1 = 12, n2 = 12 and ES = 98%.

5. Generators to obtain CNBs in two different sizes of periods

Let S1 = [e11, e12, . . . ,ep1−1] and S2 = [e21, e22, . . . ,ep2−2]t be two sets of shifts, here 0 ≤ eij ≤ t-2. Define,
S∗ = [e11, e12, . . . ,ep1−1, e21, e22, . . . ,ep2−2, t-1-(e11+ e12+ . . . + ep1−1) mod (t-1)]. If every element 0, 1, . . . , t-2
appears exactly once in the new set of shifts S∗, then the design from the set of shifts will be CNB in periods of sizes
k1 and k2. The sum of any 2, 3, . . . ,(k-3) successive elements of any set of shifts should not be 0 mod (t-1). If so,
rearrange the elements.
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Example: Sets of shifts S1 = [1,7,4,3,9,6] and S2 = [2,5,8]t give following CNB for t = 11 in k1 = 7 and k2 = 5
with ES = 97%.

Subjects

1 2 3 4 5 6 7 8 9 10

00 11 22 33 44 55 66 77 88 99
10 21 32 43 54 65 76 87 98 09
81 92 03 14 25 36 47 58 69 70
28 39 40 51 62 73 84 95 06 17
52 63 74 85 96 07 18 29 30 41
45 56 67 78 89 90 01 12 23 34
04 15 26 37 48 59 60 71 82 93

Subjects

1 2 3 4 5 6 7 8 9 10

010 110 210 310 410 510 610 710 810 910
20 31 42 53 64 75 86 97 08 19
72 83 94 05 16 27 38 49 50 61
57 68 79 80 91 02 13 24 35 46
105 106 107 108 109 100 101 102 103 104

Here, 106 means that treatment 10 was applied in the current period, while the subscript ‘6’ is the treatment
applied in the previous period.

If t = 2zi+ 2a-1, i is an integer, k1 = 2z, k2 = 2a, a �= z and a & z > 1, then CNBs can be obtained from the
sets given below where j = 0, 1, . . . , i-1.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a − 1, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a − 2), 0]t

Example 5.1: CNBs for t = 13, k1 = 8 and k2 = 6 are constructed from the sets of shifts given below with 98%
efficiency.

S1 = [1, 2, 3, 4, 11, 10, 9], S2 = [5, 6, 7, 0]t.

If t = 2zi+ 2a, i is an integer, k1 = 2z, k2 = 2a+ 1 and a & z > 1, then CNBs can be obtained from the sets
given below where j = 0, 1, . . . , i-1.

Sj+1 =[zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a − 1, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a − 1), 0]t.

Example 5.2: CNBs for t = 16, k1 = 10 and k2 = 7 are constructed from the sets given below with 98% efficiency
.

S1 = [1, 2, 3, 4, 14, 5, 13, 11, 12], S2 = [6, 7, 9, 8, 0]t.

If t = 2zi+ 4a-1, i is an integer, k1 = 2z, k2 = 2a and a �= z, a & z > 1, then CNBs can be obtained from the
sets given below.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a − 1, t − 1 − (zi + a − 1), t − 1 − (zi + a − 2), . . . , t − 1 − (zi + 1)];

Si+2 = [zi + a + 1, zi + a + 2, . . . , zi + 2a − 1, t − 1 − (zi + a + 1), t − 1 − (zi + a + 2),

. . . , t − 1 − (zi + 2a − 2), 0]t.

Example 5.3: CNBs for t = 25, k1 = 10 and k2 = 8 are constructed from the sets given below with 99% efficiency.

S1 = [1, 2, 3, 4, 5, 23, 22, 21, 20], S2 = [6, 7, 8, 17, 9, 18, 16], S3 = [10, 11, 12, 14, 13, 0]t.
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If t = 2zi+ 4a+ 1, i is an integer, k1 = 2z, k2 = 2a+ 1 and a& z > 1, then CNBs can be obtained from the sets
given below.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a)];

Si+2 = [zi + a + 1, zi + a + 2,

. . . , zi + 2a, t − 1 − (zi + a + 1), t − 1 − (zi + a + 2), . . . , t − 1 − (zi + 2a − 1)]t.

Example 5.4: CNBs for t = 21, k1 = 8 and k2 = 7 are constructed from the sets given below with 99% efficiency.

S1 = [1, 2, 3, 4, 19, 18, 17], S2 = [5, 6, 7, 15, 14, 13], S3 = [8, 9, 10, 12, 11]t.

6. Generators to obtain CNBs in three different sizes of periods

Let S1 = [e11, e12, . . . ,ep1−1], S2 = [e21, e, . . . ,ep2−1] and S3 = [e31, e32, . . . ,ep3−2]t be the sets of shifts, where 0
≤ eij ≤ t-2. Define, S∗ = [e11, e12, . . . ,ep1−1, q21, e22, . . . ,ep2−1, e31, e32, . . . ,ep3−1, t-1-(e11+ e12+ . . . + ep1−1) mod
(t-1), t-1-(e21+ e22+ . . . + ep2−1) mod (t-1)]. If every element 0, 1, . . . ,t-2 appears exactly once in the new set of
shifts S∗, then the design from the set of shifts will be CNB in periods of sizes k1, k2 and k3. The sum of any 2, 3, . . . ,
(k-3) successive elements of the set of shifts Si + 1 should not be 0 mod (t-1). If so rearrange the elements.

Example: Set of shifts S1 = [3, 4, 9, 5, 8], S2 = [1, 2, 11, 10] and S3 = [6]t give the following CNBs for t = 13 in
k1 = 6, k2 = 5 and k3 = 3 with ES = 98%.

Subjects

1 2 3 4 5 6 7 8 9 10 11 12

05 16 27 38 49 510 611 70 81 92 103 114
30 41 52 63 74 85 96 107 118 09 110 211
73 84 95 106 117 08 19 210 311 40 51 62
47 58 69 710 811 90 101 112 03 14 25 36
94 105 116 07 18 29 310 411 50 61 72 83
59 610 711 80 91 102 113 04 15 26 37 48

Subjects

13 14 15 16 17 18 19 20 21 22 23 24

00 11 22 33 44 55 66 77 88 99 1010 1111
10 21 32 43 54 65 76 87 98 109 1110 011
31 42 53 64 75 86 97 108 119 010 111 20
23 34 45 56 67 78 89 910 1011 110 01 12
02 13 24 35 46 57 68 79 810 911 100 111

Subjects

25 26 27 28 29 30 31 32 33 34 35 36

012 112 212 312 412 512 612 712 812 912 1012 1112
60 71 82 93 104 115 06 17 28 39 410 511
126 127 128 129 1210 1211 120 121 122 123 124 125

Here, 116 is the treatment 11 applied in the present period, while the subscript ‘6’ is the treatment applied in the
previous period.

If t = 2zi+ 2a+ 2b, i is an integer, k1 = 2a, z �= a, z, a & b > 1, k2 = 2a+ 1 and k3 = 2b, then CNBs can be
obtained from the sets given below where j = 0, 1, . . . , i-1.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a)];

Si+2 = [zi + a + 1, zi + a + 2, . . . , zi + a + b − 1, t − 1 − (zi + a + 1), t − 1 − (zi + a + 2),

. . . , t − 1 − (zi + a + b − 1)]t.
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Example 6.1: CNBs for t = 13, k1 = 8, k2 = 7 and k3 = 4 are constructed from the sets given below with 98%
efficiency.

S1 = [1, 2, 3, 4, 16, 15, 14], S2 = [5, 6, 7, 12, 11, 10] and S3 = [8, 9]t.

If t = 2zi+ 2a+ 2b-1, i is an integer, k1 = 2z, z �= a �= b > 1, k2 = 2a and k3 = 2b, then CNBs can be
constructed from the sets given below where j = 0, 1, . . . , i-2.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a − 1)];

Si+2 = [zi + a + 1, zi + a + 2, . . . , zi + a + b − 1, t − 1 − (zi + a + 1), t − 1 − (zi + a + 2),

. . . , t − 1 − (zi + a + b − 2), 0]t for b > 2.

Si+2 = [(t − 1)/2, 0]t for b = 2.

Example 6.2: CNBs for t = 23, k1 = 10, k2 = 8 and k3 = 6 are constructed from the sets given below with 99%
efficiency.

S1 = [1, 2, 3, 4, 5, 21, 20, 19, 18], S2 = [6, 7, 8, 9, 16, 15, 14] and S3 = [10, 11, 12, 0]t.

If t = 2zi+ 2a+ 2b+ 1, k1 = 2z, i is an integer, k2 = 2a+ 1,k3 = 2b+ 1, a �= b > 1 and z > 1, then CNBs can
be obtained from the sets given below where j = 0, 1, . . . , i-1.

Sj+1 = [zj + 1, zj + 2, . . . , zj + z, t − 1 − (zj + 1), t − 1 − (zj + 2), . . . , t − 1 − (zj + z − 1)];

Si+1 = [zi + 1, zi + 2, . . . , zi + a, t − 1 − (zi + 1), t − 1 − (zi + 2), . . . , t − 1 − (zi + a)];

Si+2 = [zi + a + 1, zi + a + 2, . . . , zi + a + b, t − 1 − (zi + a + 1),

t − 1 − (zi + a + 2), . . . , t − 1 − (zi + a + b − 1)]t.

Example 6.3: CNBs for t = 19, k1 = 8, k2 = 7 and k3 = 5 are constructed from the sets given below with 99%
efficiency.

S1 = [1, 2, 3, 4, 17, 16, 15] , S2 = [5, 6, 13, 7, 12, 11], S3 = [8, 9, 10]t.

7. Concluding remarks

CSBs help in estimating direct and carryover effects independently and providing high efficiency of separability.
Despite the importance of RMDs, there is no sufficient literature available on the construction of the CSBs and
CNBs with high efficiency of separability for unequal period sizes. In situations where CSBs cannot be constructed,
they are preferable as they give efficiencies close to CSBs. Through well-known MOCS Rule II, these designs have
been constructed for unequal period sizes with high efficiency of separability which covers the lack of designs for
unequal period sizes. The experimenters now have more choices when dealing with different period sizes. All the
proposed designs possess an efficiency close to 100% and, therefore, they should be a better alternative to CSBs.

Acknowledgements

The authors are thankful to the reviewers for the valuable suggestions and corrections.

References

Afsarinejad, K. (1994). Repeatedmeasurements designs with unequal periods sizes. Journal of the Italian Statistical Society, 3(2),
161–168. https://doi.org/10.1007/BF02589224

Bashir, Z., Ahmed, R., Tahir, M. H., Ghazali, S. S. A., & Shehzad, F. (2018). Some extensions of circular balanced and circu-
lar strongly balanced repeated measurements designs. Cozzunications in Statistics – Theory and Zethods, 47(9), 2183–2194.
https://doi.org/10.1080/03610926.2017.1337140

Cheng, C. S., & Wu, C. F. (1980). Balanced repeated measurements designs. Annals of Statistics, 8(8), 1272–1283.
https://doi.org/10.1214/aos/1176345200

Divecha, J., & Gondaliya, J. (2014). Construction of minimal balanced cross over designs having good efficiency of separability.
Electronic Journal of Statistics, 8(2), 2923–2936. https://doi.org/10.1214/14-EJS979

Hanford, K. (2005). Lecture notes on mixed models. Spring.

https://doi.org/10.1007/BF02589224
https://doi.org/10.1080/03610926.2017.1337140
https://doi.org/10.1214/aos/1176345200
https://doi.org/10.1214/14-EJS979


8 M. DANIYAL ET AL.

Iqbal, I., & Jones, B. (1994). Efficient repeated measurements designs with equal and unequal period sizes. Journal of Statistical
Planning and Inference, 42(1-2), 79–88. https://doi.org/10.1016/0378-3758(94)90190-2

Iqbal, I., & Tahir,M.H. (2009). Circular strongly balanced repeatedmeasurements designs.Cozzunications in Statistics—Theory
and Zethods, 38(20), 3686–3696. https://doi.org/10.1080/03610920802642566

Iqbal, I., Tahir, M. H., & Ghazali, S. S. A. (2010). Circular first-and second-order balanced repeated measurements designs.
Cozzunications in Statistics-Theory and Zethods, 39(2), 228–240. https://doi.org/10.1080/03610920902941728

Magda, C. G. (1980). Circular balanced repeated measurements designs. Communications in Statistics – Theory and Methods,
9(18), 1901–1918. https://doi.org/10.1080/03610928008828004

Pearce, S. C. (1964). Experimenting with blocks of natural size. Biometrika, 20(4), 699–706. https://doi.org/10.2307/2528123
Rasheed, U., Rasheed, H. M. K., Rasheed, M., & Ahmed, R. (2018). Minimal circular strongly balanced repeated measure-

ments designs in periods of three different sizes. Communications in Statistics – Theory and Methods, 47(16), 4088–4094.
https://doi.org/10.1080/03610926.2017.1361995

Schulz, K. F. (1995). Subverting randomization in controlled trials. JAMA: The Journal of the American Medical Association,
274(18), 1456–1458. https://doi.org/10.1001/jama.1995.03530180050029

Schulz, K. F., & Grimes, D. A. (2002). Generation of allocation sequences in randomised trials: Chance, not choice. The Lancet,
359(9305), 515–519. https://doi.org/10.1016/S0140-6736(02)07683-3

Appendix

Table A1. List of sets of shifts for CNBs in two different sizes of periods and treatments
smaller than 30.

t k1 k2 Sets of shifts ES

9 6 4 [1,3,2,7,6]+ [4,0]t 96
10 6 5 [1,3,2,8,7]+ [4,5,0]t 97
11 8 4 [1,3,2,4,9,8,7]+ [5,0]t 97
13 6 4 [1,3,2,11,10]+ [4,5,8]+ [6,0]t 98
13 8 6 [1,3,2,4,11,10,9]+ [5,6,7,0]t 98
13 10 4 [1,3,2,4,5,11,10,9,8]+ [6,0]t 98
14 8 7 [1,3,2,4,12,11,10]+ [5,6,7,8,0]t 98
15 6 4 [1,3,2,13,12]+ [4,5,6,10,9]+ [7,0]t 98
15 6 5 [1,2,3,13,12]+ [4,5,10,9]+ [6,7,8]t 98
15 8 4 [1,3,2,4,13,12,11]+ [5,6,9]+ [7,0]t 98
16 6 5 [1,3,2,14,13]+ [4,5,6,11,10]+ [7,8,0]t 98
17 10 4 [1,3,2,4,5,15,14,13]+ [6,7,10]+ [8,0]t 99
17 10 8 [1,3,2,4,5,15,14,13,12]+ [6,7,8,10,9,0]t 99
18 10 9 [1,3,2,4,5,16,15,14,13]+ [6,7,8,9,10,11,0]t 99
19 6 4 [1,3,2,17,16]+ [4,5,6,14,13]+ [7,8,11]+ [9,0]t 99
19 8 4 [1,3,2,4,17,16,15]+ [5,6,7,8,13,12,11]+ [9,0]t 99
21 6 4 [1,3,2,19,18]+ [4,5,6,16,15]+ [7,8,9,13,12]+ [10,0]t 99
21 6 5 [1,2,3,19,18]+ [4,5,6,16,15]+ [7,8,13,12]+ [9,10,11]t 99
21 8 6 [1,3,2,4,19,18,17]+ [5,6,7,8,15,14,13]+ [9,11,10,0]t 99
21 8 7 [1,2,3,4,19,18,17]+ [5,6,7,15,14,13]+ [8,9,10,12,11]t 99
22 6 5 [1,3,2,20,19]+ [4,5,6,17,16]+ [7,8,9,14,13]+ [10,11,0]t 99
22 8 7 [1,3,2,4,20,19,18]+ [5,6,7,8,16,15,14]+ [9,10,11,12,0]t 99
23 8 4 [1,3,2,4,21,20,19]+ [5,6,7,8,17,16,15]+ [9,10,13]+ [11,0]t 99
23 10 4 [1,3,2,4,5,21,20,19,18]+ [6,7,8,9,10,16,15,14,13]+ [11,0]t 99
25 6 4 [1,3,2,23,22]+ [4,5,6,20,19]+ [7,8,9,17,16]+ [10,11,14]+ [12,0]t 99
27 6 4 [1,3,2,25,24]+ [4,5,6,22,21]+ [7,8,9,19,18]+ [10,11,12,16,15]+ [13,0]t 99
27 6 5 [1,2,3,25,24]+ [4,5,6,22,21]+ [7,8,9,19,18]+ [10,11,16,15]+ [12,13,14]t 99
27 8 4 [1,3,2,4,25,24,23]+ [5,6,7,8,21,20,19]+ [9,10,11,12,17,16,15]+ [13,0]t 99
27 10 4 [1,3,2,4,5,25,24,23,22]+ [6,7,8,9,10,20,19,18,17]+ [11,12,15]+ [13,0]t 99
27 10 8 [1,3,2,4,5,25,24,23,22]+ [6,7,8,9,10,20,19,18,17]+ [11,12,13,15,14,0]t 99
27 10 9 [1,2,3,4,5,25,24,23,22]+ [6,7,8,9,20,19,18,17]+ [10,11,12,16,15,14,13]t 99
28 6 5 [1,3,2,26,25]+ [4,5,6,23,22]+ [7,8,9,20,19]+ [10,11,12,17,16]+ [13,14,0]t 99
28 10 9 [1,3,2,4,5,26,25,24,23]+ [6,7,8,9,10,21,20,19,18]+ [11,12,13,14,15,16,0]t 99
29 8 6 [1,3,2,4,27,26,25]+ [5,6,7,8,23,22,21]+ [9,10,11,12,19,18,17]+ [13,15,14,0]t 99
29 8 7 [1,2,3,4,27,26,25]+ [5,6,7,8,23,22,21]+ [9,10,11,19,18,17]+ [12,13,14,16,15]t 99
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Table A2. List of sets of shifts for CNBs in threedifferent sizes of periods and treatments smaller
than 30.

t k1 k2 k3 Sets of shifts ES

14 6 5 4 [1,2,3,12,11]+ [4,5,9,8]+ [6,7]t 98
17 8 6 4 [1,2,3,4,15,14,13]+ [5,6,7,11,10]+ [8,0]t 99
19 8 7 5 [1,2,3,4,17,16,15]+ [5,6,7,13,12,11]+ [8,9,10]t 99
20 6 5 4 [1,2,3,18,17]+ [4,5,6,15,14]+ [7,8,12,11]+ [9,10]t 99
20 8 7 6 [1,2,3,4,18,17,16]+ [5,6,7,14,13,12]+ [8,9,11,10]t 99
23 10 8 6 [1,2,3,4,5,21,20,19,18]+ [6,7,8,9,16,15,14]+ [10,11,12,0]t 99
25 8 6 4 [1,2,3,4,23,22,21]+ [5,6,7,8,19,18,17]+ [9,10,11,15,14]+ [12,0]t 99
25 10 9 7 [1,2,3,4,5,23,22,21,20]+ [6,7,8,9,18,17,16,15]+ [10,11,12,13,14]t 99
26 6 5 4 [1,2,3,24,23]+ [4,5,6,21,20,19]+ [7,8,9,18,17,16]+ [10,11,15,14]+ [12,13]t 99
26 10 9 8 [1,2,3,4,5,24,23,22,21]+ [6,7,8,9,19,18,17,16]+ [10,11,12,15,14,13]t 99
27 8 7 5 [1,2,3,4,25,24,23]+ [5,6,7,8,21,20,19]+ [9,10,11,17,16,15]+ [12,13,14]t 99
28 8 7 6 [1,2,3,4,26,25,24]+ [5,6,7,8,22,21,20]+ [9,10,11,18,17,16]+ [12,13,15,14]t 99
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In this study, pulp from ripe bael fruits was dried in the 
open sun, solar, greenhouse and hot air (50°C, 60°C, 70°C 
and 80°C) at three levels of thickness (2, 4 and 6 mm). 
Maximum antioxidant activity of 107.62 and 108.09 mg/ 
100 g, total phenol content of 41.95 and 43.79 mg/100 g 
and overall acceptability scores (8.33 and 8.11) were found 
in bael powder dried using natural (greenhouse) and  
mechanical (50°C) drying methods respectively, with 
2 mm of pulp thickness. The Page model was found to be 
the best fitted for drying bael pulp.  
 
Keywords: Antioxidant activity, bael pulp, mathematical 
modelling, thin layer drying, total phenol content. 
 
AEGLE marmelos, belonging to the family Rutaceae, is com-
monly known as bael in the indigenous system of medi-
cine in India1. Bael is a deciduous sacred tree having useful 
medicinal properties, especially cooling and laxative 
properties2. The pulp of the bael fruit is a natural source 
of essential antioxidants and bioactive compounds. Various 
parts of the bael plant are used in gastrointestinal-related 
problems such as diarrhoea, dysentery and diabetes. Bael 
is well-known to have antibacterial, antifungal, anticancer, 
pyretic and analgesic activities and relieves constipation. 
Several phytochemicals have been isolated and recognized 
from various parts of bael, including alkaloids, phenols, 
glycoside coumarins, steroids, tannins and carotenoids3. 
 Drying is the process of removal of moisture which 
supports the microbial activity. It improves shelf life com-
pared to liquid products and reduces the cost of transporta-
tion. Small farmers cannot afford to dry their agricultural 
products in a commercial dryer as it is expensive with high 
maintenance costs. So, a farmer-friendly option is to adopt 
advanced greenhouse and solar drying technologies compa-
red to traditional drying (open-sun drying, OSD). Although 
researchers have worked on drying bael fruit pulp using a 
tray dryer, hot-air cabinet dryer and freeze dryer, there are no 
comparative studies to determine the suitability of different 

dryers for drying bael fruit pulp. Assessment of drying 
kinetics as a function of drying conditions can help in the 
simulation for predicting suitable drying conditions. 

Materials and methodology 

Pulp extraction  

Bael fruits (A. marmelos) of Rajasthani local variety were 
procured from ICAR-Directorate of Medicinal and Aro-
matic Plants Research, Boriavi farm, Anand, Gujarat, India. 
They were sorted to discard the diseased, damaged and bro-
ken fruits. The fruits were washed thoroughly under tap 
water and used for further experiments. The bael pulp with 
seeds and fibre was added with equal amounts of water, 
mixed and heated for 1 min at 80°C (refs 4, 5). A brush-type 
pulp extractor/pulper (Khera Laboratory Instruments, New 
Delhi) was used to extract bael fruit pulp with a 3 mm size 
sieve made up of 22 gauge stainless steel. 

Drying methods 

The pulp was distributed evenly in the trays at three thickness 
levels (2 (T1), 4 (T2) and 6 (T3) mm). The trays were placed 
in an open environment for direct exposure of bael fruit 
pulp to sunlight for OSD (D1). Cabinet-type solar dryer (SD, 
D2; Sardar Patel Renewable Energy Research Institute 
(SPRERI), Anand) and a gable roof-type greenhouse dryer 
(GHD, D3) of span 4.5 m × 3.0 m (College of Food Pro-
cessing Technology and Bioenergy, Anand Agricultural 
University (AAU), Anand) were used for drying of bael 
pulp using the natural drying method.  
 For mechanical drying, a laboratory hot-air tray dryer 
(Narang Scientific Works Pvt Ltd, New Delhi) was used. 
It was fitted with a manually controlled digital thermostat, 
PT-100 thermocouple, a blower driven by a 0.5 HP motor 
and electric finned heaters of 3 × 1 kW. The tray dryer was 
adjusted to selected temperatures (50°C (D4), 60°C (D5), 
70°C (D6) and 80°C (D7)). The dried bael pulp was ground 
using a laboratory mixer-grinder to make the powder. 
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Standardization 

Standardization of drying parameters was done in two ways – 
natural drying method and mechanical drying method. It 
was based on the total phenol content, total antioxidant 
content and sensory attributes (score) of the bael fruit powder. 
The critical difference (CD) and coefficient of variation 
(CV) values were determined using factorial CRD software 
developed by the Department of Statistics, BA College of 
Agriculture, AAU. Total phenol was determined by Folin–
Ciocalteu method6. Total antioxidant content was determined 
using the FRAP method7. The sensory evaluation of bael fruit 
powder was done using a nine-point hedonic scale8.  

Modelling of thin-layer drying curves 

The development of a model is necessary to study the dry-
ing characteristics of bael pulp. The experimental drying 
data of bael pulp using different drying methods or tempera-
tures and thickness of the pulp were fitted into three thin-
layer drying models (Page, two-term and Newton models).  
 
(I) Page model9 

 
 MR = exp(–ktn). (1) 
 
(II) Two-term model10 

 
 MR = a exp(–kt) + b exp(–gt). (2) 
 
(III) Newton model11 

 
 MR = exp(–kt). (3) 
 
Here MR is the moisture ratio, t the time (min) and k, n, a, b, 
g are the empirical constants and coefficients in the drying 
models. 
 The root mean square error (RMSE) and χ 2 values were 
calculated as follows  
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where MRExp,i is the ith experimentally observed moisture 
ratio, MRPre,i the predicted moisture ratio, N the number of 
observations and Z is the number of constants of each res-
pective model.  
 A model is considered to be the best if the average R2 

value is high, and average χ 2 and RMSE values are low.  

Results and discussion 

Drying characteristics 

The extracted pulp with 576.58% (dry basis; db) moisture 
content was dried using various natural as well as mechanical 
drying methods or temperatures for three levels of thickness 
of pulp. Figure 1 shows the time required to achieve the final 
moisture content (10–13% db) for all the drying methods. 
Initially, the drying rate was higher, and it decreased 
gradually with time for all the drying methods (Table 1).  
 The drying time required to achieve final moisture con-
tent of bael fruit pulp in greenhouse drying was less than OSD 
and solar drying, because the products placed in trays re-
ceived solar radiation through plastic film material, and 
moisture was removed by natural and forced convection. 
A similar result was observed for the drying of chilli and 
banana in another study12. The drying rate was much higher 
in greenhouse drying compared to OSD for date fruit13. 
 In tray drying, the drying time was reduced with an in-
crease in temperature for all levels of thickness of bael fruit 
pulp. This was due to increased vapour pressure in the sam-
ples with increased temperature from 50°C to 80°C. As a 
result, moisture was removed comparatively faster. Similar 
outcomes were observed for drying bael fruit pulp5 and stone 
apple slices14.  

Standardization of drying parameters 

Table 2 shows the effect of various drying methods and 
levels of thickness on total phenol content, total antioxi-
dant content and sensory attributes in terms of colour, 
flavour and overall acceptability. 
 For standardization of drying parameters for natural drying, 
all five parameters, namely total phenol content, total anti-
oxidant content and sensory attributes in terms of colour, fla-
vour and overall acceptability, were considered. It was 
found that the D3T1 combination (greenhouse drying 
method with 2 mm thickness of bael fruit pulp) gave better 
results than the other combinations because this sample 
gave the highest total antioxidant and total phenol content. 
Also, the highest colour and overall acceptability (OA) val-
ues were also obtained. Hence, the combination D3T1 was 
considered the standardized drying parameter for natural 
drying.  
 For mechanical drying, parameters such as total phenol 
content, total antioxidant content and sensory attributes in 
terms of colour, flavour and overall acceptability were 
considered. The D4T1 combination (50°C drying temperature 
with 2 mm thickness of pulp) was found to be the best among 
all combinations because the sample gave the highest total 
antioxidant and total phenol contents. Also, it had the 
highest colour, flavour and overall acceptability value. Hence, 
the combination D4T1 was considered as the drying para-
meter for mechanical drying method.  
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Figure 1. Drying rate versus drying time curves of bael fruit pulp for various drying methods. 
 

Table 1. Time required for drying of bael fruit pulp using various  
  drying methods and for different level of thicknesses of the pulp 

  Drying time (h) 
 

  Thickness 
 
Drying method 

Temperature 
(°C) 

 
2 mm 

 
4 mm 

 
6 mm 

 

Open-sun drying – 6.5 12.5 17.5 
Solar drying – 6 14.5 17.5 
Greenhouse drying – 4.5 12.5 15.5 
Tray drying 50 9 14 18.5 
 60 5.75 8.75  13.25 
 70 4.75 8.5 11.5 
 80 3.75 6.25  7.5 
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Table 2. Effect of drying methods and thickness on TPC, TAA and sensory attributes 

   Pulp thickness (T) (mm) CD  
 
Parameters 

 
Drying methods 

Name of drying 
methods (D) 

 
2 

 
4 

 
6 

 
D 

 
T 

 
DT 

 
CV% 

 

TPC Natural drying D1-OSD 26.65 25.53 18.45 0.769 0.769 NS 0.75 
  D2-SD 23.04 22.94 20.66     
  D3-GHD 41.95 28.99 28.62     
 Mechanical drying D4-50°C 43.79 36.15 23.22 2.249 1.948 3.896 7.03 
  D5-60°C 35.80 30.24 18.92     
  D6-70°C 38.91 31.05 28.79     
  D7-80°C 41.00 39.16 27.35     
TAA Natural drying D1-OSD 106.19 104.76 103.34 0.769 0.769 NS 0.75 
  D2-SD 101.91 101.91 100.00     
  D3-GHD 107.62 105.24 103.34     
 Mechanical drying D4-50°C 108.09 106.19 103.81 0.803 0.695 1.390 0.79 
  D5-60°C 106.19 102.38 100.95     
  D6-70°C 104.76 103.81 103.34     
  D7-80°C 108.09 106.66 105.24     
Colour (sensory) Natural drying D1-OSD 7.17 6.25 6.58 NS 0.751 NS 16.01 
  D2-SD 7.92 7.08 6.50     
  D3-GHD 7.92 7.00 6.42     
 Mechanical drying D4-50°C 7.83 7.92 6.58 NS 0.485 NS 11.74 
  D5-60°C 8.00 6.92 6.33     
  D6-70°C 7.92 7.00 6.92     
  D7-80°C 7.50 6.67 6.33     
Flavour (sensory) Natural drying D1-OSD 6.83 6.83 6.75 NS NS NS 9.72 
  D2-SD 7.58 6.92 6.67     
  D3-GHD 7.75 7.17 7.08     
 Mechanical drying D4-50°C 7.50 7.17 6.58 NS 0.502 NS 12.49 
  D5-60°C 7.58 6.67 6.54     
  D6-70°C 7.75 6.92 6.96     
  D7-80°C 7.00 6.50 6.33     
OAA (sensory) Natural drying D1-OSD 7.00 6.50 6.42 NS 0.543 NS 11.50 
  D2-SD 7.58 7.00 7.00     
  D3-GHD 7.75 7.08 6.83     
 Mechanical drying D4-50°C 7.58 7.42 6.42 NS 0.472 NS 11.77 
  D5-60°C 7.75 6.75 6.29     
  D6-70°C 7.67 6.83 6.79     
  D7-80°C 7.17 6.50 6.17     
TPC, Total phenol content; TAA, Total antioxidant activity; OAA, Overall acceptability; OSD, Open-sun drying; SD, Solar drying; GHD, Greenhouse 
drying; CD, Critical difference; CV, Co-efficient of variance. 

 

 
Fitting of drying models 

Based on moisture loss data, the drying rate and moisture 
ratio were calculated. The coefficient of determination (R2) 
was determined using SPSS-15. The three drying models 
(Page model, two-term model and Newton model) were 
compared according to their coefficient of determination, 
RMSE and chi-square values to determine the best-fit 
model for drying bael fruit pulp for different levels of 
thickness of pulp (Table 3). 
 The values of R2, χ 2 and RMSE of all the models ranged 
from 0.924 to 1, 4.4E-05 to 0.011 and 6.61E-03 to 0.102, 
with an average value of 0.951 to 0.995, 5.21E-04 to 2.7E-03 
and 8.39E-03 to 2.06E-02 respectively. 
 The moisture ratio data of bael fruit pulp dried using 
different drying methods or temperatures and for different 
levels of thickness of pulp were fitted into three drying 
models (Table 3). It was observed that the Page model 
had the highest average R2 and lowest average RMSE and χ 2 

values compared to the other two models. Table 4 shows the 
values of constants of the best-fitted drying model (Page 
model). The Page model was the best-fitting for drying 
bael fruit pulp with various drying methods or tempera-
tures and levels of pulp thickness, with average values of 
R2, RMSE and χ 2 being 0.995, 5.21E-04 and 8.39E-03 
respectively. This model was found to be the best for dry-
ing whole and sliced turmeric rhizomes in a solar conduc-
tion dryer15 and freeze-dried aloe vera fillets16. 

Suitability of the model 

The accuracy of the established model for thin-layer drying 
of bael fruit pulp was evaluated by comparing the predicted 
moisture ratio of the Page model and the experimental mois-
ture ratio. Figure 2 shows the performance of the model for 
all the drying methods/temperatures and levels of thick-
ness of bael fruit pulp. The predicted moisture ratio data of 
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Table 3. Statistical parameters for different drying models using various drying methods and different levels of thickness of bael fruit pulp 

 Two-term model Page model Newton model 
Drying methods_ 
thicknesses 

 
R2 

 
Chi-square 

 
RMSE 

 
R2 

 
Chi-square 

 
RMSE 

 
R2 

 
Chi-square 

 
RMSE 

 

OSD_2 mm 0.999 8.44E-04 0.023 0.999 8.92E-05 0.008 0.999 8.27E-05 0.009 
OSD_4 mm 0.997 4.00E-04 0.017 0.996 4.33E-04 0.019 0.996 4.01E-04 0.019 
OSD_6 mm 0.997 3.94E-04 0.017 0.996 4.34E-04 0.019 0.996 4.82E-04 0.021 
SD_2 mm 0.945 9.51E-03 0.081 0.99 1.34E-03 0.034 0.932 8.72E-03 0.090 
SD_4 mm 0.98 3.71E-03 0.054 0.996 6.06E-04 0.023 0.929 1.10E-02 0.102 
SD_6 mm 0.982 3.34E-03 0.052 0.996 7.26E-04 0.026 0.935 9.96E-03 0.097 
GHD_2 mm 0.977 5.80E-03 0.054 0.987 2.20E-03 0.041 0.945 7.78E-03 0.083 
GHD_4 mm 0.966 6.36E-03 0.070 0.999 1.58E-04 0.012 0.951 7.30E-03 0.083 
GHD_6 mm 0.973 4.74E-03 0.061 0.999 9.22E-05 0.009 0.957 6.41E-03 0.078 
TD50_2 mm 0.981 2.83E-03 0.045 0.995 5.75E-04 0.022 0.977 2.65E-03 0.050 
TD50_4 mm 0.985 2.32E-03 0.043 0.983 2.45E-03 0.047 0.924 1.01E-02 0.098 
TD50_6 mm 0.982 2.89E-03 0.049 0.985 2.17E-03 0.045 0.928 9.92E-03 0.097 
TD60_2 mm 0.987 1.79E-03 0.039 0.996 5.15E-04 0.022 0.951 5.68E-03 0.074 
TD60_4 mm 0.953 5.91E-03 0.073 0.996 5.25E-04 0.022 0.932 7.83E-03 0.087 
TD60_6 mm 0.957 5.02E-03 0.067 0.993 7.44E-04 0.027 0.938 6.66E-03 0.081 
TD70_2 mm 0.988 1.51E-03 0.035 0.996 4.63E-04 0.020 0.969 3.36E-03 0.056 
TD70_4 mm 0.986 1.68E-03 0.039 0.997 3.10E-04 0.017 0.951 5.35E-03 0.072 
TD70_6 mm 0.987 1.46E-03 0.036 0.998 2.12E-04 0.014 0.956 4.74E-03 0.068 
TD80_2 mm 0.972 4.48E-03 0.058 0.993 9.07E-04 0.028 0.935 8.40E-03 0.089 
TD80_4 mm 0.974 3.79E-03 0.057 0.999 1.98E-04 0.014 0.924 9.66E-03 0.096 
TD80_6 mm 0.986 1.91E-03 0.041 1 4.67E-05 0.007 0.937 7.58E-03 0.085 
Average 0.979 1.81E-03 0.014 0.995 5.21E-04 0.008 0.951 2.70E-03 0.021 
TD50, Tray drying at 50°C; TD60, Tray drying at 60°C; TD70, Tray drying at 70°C; TD80, Tray drying at 80°C. 
 
 

Table 4. Constants of the best-fitted drying model of bael fruit pulp 

   Constants of Page model 
MR = exp(–ktn) 

   

 
Drying method 

Temperature  
(°C) 

Thickness  
(mm) 

 
k 

 
n 

Coefficient of  
determination (R2) 

Chi-square  
(χ 2) 

 
RMSE 

 

Sun drying – 2 0.023 1.019 0.999 8.92E-05 8.45E-03 
  4 0.009 0.991 0.996 4.33E-04 1.93E-02 
  6 0.004 1.059 0.996 4.34E-04 1.96E-02 
Solar drying – 2 0.000 1.685 0.990 1.34E-03 3.37E-02 
  4 2.564E-5 1.818 0.996 6.06E-04 2.32E-02 
  6 3.201E-5 1.748 0.996 7.26E-04 2.56E-02 
Greenhouse drying – 2 0.001 1.616 0.987 2.20E-03 4.06E-02 
  4 0.000 1.741 0.999 1.58E-04 1.18E-02 
  6 0.000 1.635 0.999 9.22E-05 9.08E-03 
Tray drying 50 2 0.001 1.320 0.995 5.75E-04 2.22E-02 
  4 6.360E-5 1.630 0.983 2.45E-03 4.68E-02 
  6 3.826E-5 1.658 0.985 2.17E-03 4.45E-02 
 60 2 0.001 1.572 0.996 5.15E-04 2.17E-02 
  4 0.000 1.682 0.996 5.25E-04 2.23E-02 
  6 0.000 1.599 0.993 7.44E-04 2.66E-02 
 70 2 0.002 1.435 0.996 4.63E-04 2.04E-02 
  4 0.000 1.579 0.997 3.10E-04 1.71E-02 
  6 0.000 1.533 0.998 2.12E-04 1.42E-02 
 80 2 0.000 1.799 0.993 9.07E-04 2.82E-02 
  4 0.000 1.889 0.999 1.98E-04 1.35E-02 
  6 0.000 1.701 1.000 4.67E-05 6.61E-03 

 
 
bael pulp drying followed a straight line with an angle of 
45°, which indicates the suitability of the Page model for 
describing the drying of bael fruit pulp. A similar approach 
for selecting a model for thin-layer drying has also been 
reported for carrot pomace17 and bael fruit pulp5,18. 

Conclusion 

In this study, the bael fruit pulp was dried using various dry-
ing methods and for different levels of pulp thickness. 
The drying rate decreased gradually with time for various 
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Figure 2. Experimental versus predicted moisture ratio (Page model: MR = exp(–ktn)). 
 
 
drying methods and thickness of pulp. The maximum total 
phenol content of 41.95 mg/100 g was found in bael 
powder dried using the natural drying method, i.e. green-
house drying with 2 mm pulp thickness. While in mechanical 
drying at 50°C and 2 mm pulp thickness, it was 43.79 mg/ 
100 g. Maximum antioxidant activity of 107.62 mg/100 g 
was found in bael powder dried using a natural drying method 
with 2 mm thickness of bael pulp. While at 50°C and 
80°C with 2 mm thickness of bael pulp, the maximum anti-
oxidant activity of 108.09 mg/100 g was observed for 
mechanical drying. Maximum overall acceptability score was 

found in bael powder with 2 mm thick pulp in both the 
drying methods, i.e. natural and mechanical. The Page model 
was found to be the best fitted for drying bael fruit pulp using 
different drying methods or temperatures and levels of 
pulp thickness, with average values of R2, RMSE and χ 2 

being 0.995, 5.21E-04 and 8.39E-03 respectively. 
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Abstract 

The impact of mythology in Indian graphic novels is a fascinating exploration of storytelling, 

successfully merging mythology with modern visual narratives. Ancient myths are creatively 

reinterpreted and presented in these vibrant graphic novels, which appeal to contemporary 

readers by providing new insights and meanings. Indian mythology offers a vast array of 

characters, epics, and symbols that graphic novelists adeptly use into their works. These 

graphic novels revitalise mythical stories by using complex visual components and unique 

storytelling strategies. Indian graphic novels invite readers to explore the enduring relevance 

and evolving interpretations of mythology in the dynamic realm of visual storytelling. This 

research paper explores the complex progress of mythology and visual narrative in 

contemporary Indian literature, specifically examining Amruta Patil’s Adi Parva: Churning 

of the Ocean (2012). The research begins by analysing theories of visual language, 

investigating the ways in which symbols and visual elements enhance the narrative in 

graphic novel. The study covers the examination of how graphic novels are received, assessing 

their influence on popular culture and their evolving interpretation of Indian mythology. 

This study offers a comprehensive understanding of how Indian graphic novels function as 

vehicles for cultural reinterpretation and contribute to the continuous development of 

mythological narratives in contemporary literature. 

 

Key Words: Visual Narratives, contemporary society, Indian graphic novels, 

Mythology 

 

Mythology has great importance in Indian culture, exerting influence on a wide 

range of ideas, themes, and narratives. Indian literature has been profoundly 

impacted by it and has been transmitted across centuries via oral traditions. Myths 

are intricate narratives that provide profound insights into the nature of the world 

and human existence, serving as symbolic representations of primal impulses and 

comprehension of the cosmos. The resurgence of interest in ancient myths among 

creative writers has been ignited by the recognition of mythology as a source of 

universal emotions. Indian authors have incorporated mythological elements into 
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numerous genres of literature, drawing inspiration from Vedic scriptures, Epics, and 

Puranas. The advent of globalisation in today's day provides an opportunity to 

reinterpret and re-examine myths, thereby offering new perspectives. Mythofiction, 

also known as mythic fiction or mythological fiction, is a contemporary trend that 

involves the reinterpretation, recreation, retelling, remembrance, reintroduction, and 

reinvention of tales from a contemporary standpoint. Authors such as Anand 

Neelakantan, Amish Tripathi, Ashok K Banker, Devdutt Pattanaik, Nilanjan P 

Choudhuri, Chitra Banerjee Divakaruni, Kavita Kane, and Amruta Patil use 

mythology as a means to discover fresh avenues for artistic representation and build 

a novel narrative in Indian literature produced in the English language. 

Writers innovate semiotics by developing new approaches and styles, aiming to 

portray the irrationality of existence, its fundamental drives, and ceaseless battles via 

the use of myths. Ancient myths provide the foundation of history, philosophy, and 

psychology in contemporary popular culture. Through their involvement in creative 

processes, they evaluate, examine, and evaluate modern society. Currently, there is a 

growing trend of experimentation and innovation in several genres of Indian fiction, 

including graphic novels, science fiction, chick literature, and diaspora writing. Their 

approaches to examine Indian literature provide a formidable obstacle to our 

traditional technique, particularly due to the emergence and widespread adoption of 

novel forms in the contemporary era. 

Contemporary graphic novels, which blend text and art to create a compelling tale, 

have grown to be an important part of Indian mythology. These novels bridge eras 

and cultures, enabling readers to understand and interact with India's rich 

mythology. The visual aspect of graphic novels is essential in depicting deities, 

divine entities, mythological creatures, and the complex symbolism found in Indian 

mythology. Furthermore, the visual features provide an aesthetic charm that may 

fascinate a wide range of readers, even those who do not often interact with 

conventional texts. 
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Graphic novels provide a distinct platform for reimagining and retelling tales, 

showcasing the cultural backdrop of contemporary society. Artists and writers have 

the ability to include their own perspectives into these tales, while still 

acknowledging the essential themes and principles of Indian mythology. Adaptation 

is crucial for preserving the significance and applicability of myths in contemporary 

contexts. Indian myths are characterised by their elaborate story frameworks and the 

presence of several characters. Graphic novels effectively convey these narratives via 

unified visual storytelling, hence improving accessibility and understanding for 

readers. Graphic novels facilitate the dissemination of Indian mythological concepts 

to a worldwide audience by surpassing language boundaries, so promoting a more 

extensive comprehension of Indian culture and mythology. 

Graphic novels often consist of multimodal tales. They communicate their narratives 

by using both verbal and visual mediums to establish significances. Will Eisner, a 

renowned figure in the comic industry, used the term "sequential art" to encompass 

both comics and graphic novels. He defines it as, ‚a means of creative expression, a 

distinct discipline, an art and literary form that deals with the arrangement of 

pictures or images and words to narrate a story or dramatize an idea‛ (11). Indian 

Graphic Novels, originating in the latter half of the 20th century, depicted 

mythology, everyday life, and imaginative elements, providing profound insights 

into the culture and customs of India. Anant Pai released the first Indian comic book, 

Amar Chitra Katha, in 1967. The development of Indian graphic novels has 

progressed swiftly during the 21st century, marked by the emergence of the first 

Indian Graphic Novel, River of Stories, authored and drawn by Orijit Sen in 1994. 

The genre has undergone a transformation from its origins as comic book series to 

books, effectively exploring and discussing social, cultural, and political matters. In 

the present time, a number of authors are making significant contributions to Indian 

Graphic Novels. Some notable examples include Sarnath Banerjee's works such as 

Corridor (2004), The Barn Owl's Wondrous Capers (2007), and The Harappa Flies 
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(2011). Additionally, Naseer Ahmed's Kashmir Pending (2007), Saraswati Napal's 

Sita, Daughter of the Earth (2011), Draupadi: The Fire-Born Princess (2013) and 

Chhotu: A Tale of Partition and Love (2019) are also worth mentioning. The recent 

surge in popularity of Graphic Novels may be attributed to the contemporary 

preference for novels that include visual elements. The presence of image 

illustrations in a book also has a big impact on capturing the attention of readers.  

Graphic novels typically have a structural framework consisting of a panel, 

voiceover, speech bubbles, emanta, expressions, gutter, narration, colour, graphic 

weight, foreground, midground, background, and transitions. The panel provides a 

perspective for the reader, similar to adjusting the focus of a camera. Voiceover 

establishes a direct communication channel with the reader, allowing for a discourse 

about the story. Speech bubbles visually represent a character's thoughts or 

utterances, while emanta uses symbols like hearts, question marks, and tears to 

convey emotions. Expressions convey facial or bodily gestures to convey emotional 

states. The gutter, the space between two panels, prompts the reader to infer events 

throughout the temporal gaps. Narration uses textual elements and visual imagery 

to convey the storyline, leaving little room for the reader's interpretation. Colour 

enhances dramatic elements within narratives, while graphic weight defines how a 

picture differs or contracts. Foreground, midground, and background provide a 

comprehensive understanding of the topic, while transitions, such as the gutter, 

serve as the space between panels in comic or graphic novels. Overall, graphic books 

effectively convey their intended message and engage the reader. 

When analysing a graphic novel, it is crucial to focus our attention on the specific 

characteristics pertaining to the text, such as, 

 the perspective it takes.  

 The balance between the written information and its visual features 

 Elements of colours and brush strokes. 

 Plot: The sequence of events in a story or narrative.  
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 Grammatical organisation of sentence: The structure and organisation of 

words and phrases in a sentence. 

Amruta Patil is an author of Graphic Novels who gained acclaim for her visual arts 

and use of new methods in her artwork. Her works not only include modern 

subjects, but also showcase the display of graphic arts that dynamically convey the 

depth of her characters and the tale. Amruta Patil, born in Pune in April 1979, gained 

recognition as the pioneering female Graphic Novelist from India. Her Graphic 

Novels are enhanced by her independent and traditional visual style, which 

encompasses watercolour, charcoal, acrylic painting, and collage, resulting in a more 

aesthetically pleasing outcome. She has used bold portrayals to depict figures from 

Indian mythology in order to reveal contemporary social concerns, political 

dilemmas, and environmental abuse that are pertinent to present-day audiences. 

Graphic novels, which combine text and images where the images serve to support 

and offer context for the tales, continue to be both captivating and easily 

comprehensible. Amruta Patil has used graphic novels as a means to reveal 

reoccurring motifs such as mythology, sustainable lifestyles, sexuality, identity, the 

environment, and oral traditions. Through this method, some crucial topics of 

society are disseminated to the general public and are also relevant to contemporary 

society. Furthermore, delving into mythology not only simplifies the process of 

reading, but also provides a profound understanding of the narrative, allowing 

readers to acquire information about India's ancient history, traditions, and culture. 

Adi Parva: Churning of the Ocean (2012) is the second Graphic Novel authored by 

Patil. Many individuals are drawn to reading epics when they are presented with 

visual depictions, which is why a significant number of people are familiar with 

epics via various forms of visual media rather than primarily through 

books. Amruta Patil's Adi Parva: Churning of the Ocean showcases captivating 

images, the artist's ingenuity, and imagination as it presents the many characters and 

history of the Mahabharata. Patil included the intellectual elements of Mahabharata 
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that resonate with contemporary audiences. The Mahabharata narrative is framed by 

a meta-narrative in which a woman, who is subsequently revealed to be the goddess 

Ganga, narrates the story to the audience. The story presents events from the 

Mahabharata in a non-teleological or chronological fashion. The Adi Parva employs 

a narrative style that alternates between two levels, progressing thematically rather 

than only depending on the chronological sequence of events. The narrative's levels 

are visually distinguished by the deliberate use of lines and colours. The chosen 

selection emphasises the diverse tones and spatio-temporal characteristics of both 

the narrative and the actual setting where the storytelling takes place. The first 

chapters of Adi Parva fulfil the function of creating separate narrative places and 

levels. One of these areas is a dynamic and referential palimpsest, distinguished by 

vibrant hues, that forms the narrative universe. In comparison, the other region 

seems external and devoid of vibrancy, giving the impression of being blurred and 

mundane, with a prevailing hue of charcoal grey. (Fig 4.1) 

 

Fig 4.1 Free-point (12) 

The first chapter, titled "Sutradhar," begins with the culmination of the Kurukshetra 

conflict, signifying the epitome of the Mahabharata narrative. However, the story 

then shifts to the investigation of the beginnings of the universe. The first panel 

features an illustration of a vulture, which is then followed in the next four panels. 
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The next image shifts to a broader perspective, revealing the existence of white 

people distinguished by ultramarine contours, symbolising departed persons and 

those in a state of grief. The background is adorned with an assortment of crimson 

hues. Page five has a remarkable similarity to the morphology of blood cells inside a 

blood artery. Prior to reaching the last page of the chapter, there is a full-page panel 

that shows a metamorphosis taking place. In this transition, the white individuals 

and scarlet background take on the look of blood platelets. Positioned at the top left 

corner of the visual composition is a representation of a dead person, showing the 

head and upper body, with visible blood flowing from the area around the skull. 

Patil skilfully used visual elements to properly communicate the significance of 

blood throughout her narrative. (Fig 4.2) 

 

Fig 4.2 Begging (24) 

The latter portions of the chapter reveal the noticeable existence of anchoring textual 

bubbles. The bubbles are created by an anonymous narrator and are penned by hand 

without any noticeable emphasis. The chapter relies on Patil's analysis of Paul 

Gaugin's Vision after the Sermon, which sparked her investigation into different 

shades of red and their contrast with ultramarine blues. 

Patil's Adi Parva, explore the complex influence of mythology in contemporary 

society, taking inspiration from Roland Barthes' influential text, "Mythologies." 

Barthes' analysis of the manner in which myths operate as cultural symbols and 
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transmitters of social principles is especially pertinent to Patil's artistic pursuits. Patil 

adeptly reinterprets old Indian stories in "Adi Parva," expertly weaving them 

together with new surroundings to contemplate the collective consciousness of 

present-day society. Patil uses Barthes' idea of myths as cultural structures to analyse 

and scrutinise prevalent beliefs, hence questioning and challenging society 

conventions within the narrative space. 

Patil's graphic novels use mythical ideas to shed light on contemporary concerns and 

societal systems via a combination of visual and narrative elements. By using visual 

symbolism and storytelling techniques, she examines the several layers of cultural 

importance that are intricately woven within myths. In doing so, she illuminates the 

enduring impact of these ancient legends on our perception and comprehension of 

the world. By doing this, Patil actively interacts with Barthes' concept that. ‘Myths 

are omnipresent in everyday life, shaping perspectives and strengthening societal 

beliefs.’ Patil's contribution in this endeavour helps to a wider discussion on the 

fluid and ever-changing connection between mythology and the continuously 

developing fabric of contemporary society. 

Patil's novels, include a complex process of transforming myths via several layers. 

The historical transfer from oral traditions to written texts included a change in story 

form, emphasis, and the level of involvement of the audience. The oral tradition 

facilitated flexibility and spontaneity, enabling the tale to be adjusted according to 

the audience and circumstances. Written documents led to the standardisation of 

myths, which were often shaped by the perspectives and objectives of the writers 

and readers. 

Within the modern visual media, specifically in graphic novels, the concept of 

adaptation assumes a fresh perspective. Patil's visual storytelling is a unique style of 

adaptation that effectively translates mythology into a language that seamlessly 

blends picture and narrative. The visual story enables an active and dynamic 

interaction with the mythical content, as readers explore the interrelationship 
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between written word and graphic representation. Patil's use of graphics enhances 

the interpretive aspect of the tales, providing readers with a novel and immersive 

perspective. 

Furthermore, here readers are not passive consumers of text, but rather actively 

interact with a visual environment that supports and enriches his enduring 

narrative. The visual medium has the capacity to elicit a more intense and emotive 

reaction, influencing the way the altered myths are seen in a unique manner. As the 

saying "A picture is worth a thousand words" implies that an image may convey a 

complex message or idea more effectively than a large amount of text; In the field of 

literature, graphic novels play a crucial role in evolving the reading of mythical 

works in current society. 
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Abstract: 

Maximum Profit is the final aim of any organization. The gain arising from the investment of 

capital in the business, the excess of incomes over expenditure is monetary gain or profit in any 

transactions or occupation. Profitability means the ability of any business unit to earn profit 

continuously. Profitability is a situation in which an entity is generating a profit. Profit 

performance is a measure of a company's ability to generate profits from its operations. All 

stakeholders connected with the business entity are interested to know about the profitability of 

the entity. In this paper, an attempt is made to study profitability performance based on Investment 

in the business of selected Cement companies in India. The top 10 cement manufacturing 

companies in India were selected for study and decided to examine the profitability performance 

based on investment for the period of 10 years from 2010-11 to 2019-20. The Return on Capital 

Employed, Return on Equity Shareholders’ Fund, and Earnings per Share ratio are calculated to 

measure profitability performance based on investment. Statistical tools like Mean, S.D., and 

ANOVA were used to analyze data and test hypotheses. The cement Industry is prime and one of 

the crucial industries in India as in other countries. In India first Cement Company was established 

in the year 1914 at Porbandar, Gujarat with a capacity of 10,000 tonnes. Currently, India is the 2nd 

largest producer in worldwide production of cement after China. A huge investment is required to 

establish the cement manufacturing plant. Hence organizations are interested to earn more and 

more returns as profit.  
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Currently, India is moving quickly towards a Developed country from a developing 

country. At present India stands at the 3rd place in economy and trying to reach a 5 trillion $ 

economy. The growth and development of any country depend on its economic development and 

growth. In the country, three sectors are very important for economic development. These three 

sectors are the agricultural sector (Primary Sector), Industrial sector (Secondary Sector), and 

Service sector. Every sector plays a vital role and is significant for the economic development of 

each nation. In the present era, the industrial sector has shaped the economic destiny of various 

developing countries, especially in the case of India. Made in India is now working very smoothly 

and playing an important role in the manufacturing sector. One of the important sectors of the 

Indian industry is Cement Industry. The cement industry provides the basic foundation of 

infrastructural development and provides social overheads in the country.  

At present, the government is emphasizing infrastructure development which can be 

achieved only through the presence of a strong cement industry. Cement is the basic raw material 

for the construction of roads, bridges, buildings, etc. 

India is a huge country and has a vast geographical size and a massive population; various 

construction activities undertaken by the central Govt., State Govt., Public Sector Undertakings 

and other organizations, including the private sector generate huge demand for cement. Moreover, 

housing is the first and foremost requirement of every household, and therefore, the first private 

cement industry was laid down in the year 1914, when it first started working in Gujarat. 

As India has a high quantity and quality of limestone deposits throughout the country, the 

cement industry promises huge growth potential. India has a total of 210 large cement plants out 

of which 77 are in the states of Andhra Pradesh, Rajasthan, and Tamil Nadu. India is in the 2nd 

position in the production of cement with 320 MTPA in worldwide production after China 

followed by the USA, Turkey, and other countries. It is expected to reach at reach 401 MTPA in 

2020-21. India’s cement production is expected to rise between 5-7 percent in FY20, backed by 

demands in roads, urban infrastructure, and commercial real estate. The compound Annual Growth 

Rate (CAGR) in the production of cement in India is 5.59%. The Indian cement industry, a 

cornerstone of the nation's infrastructure development, has witnessed a dynamic and often volatile 

journey in terms of profit performance. In recent years, a confluence of factors has reshaped the 

landscape, presenting both challenges and opportunities for cement manufacturers. 

Thrust on infrastructure development and Housing for all with 2 crore houses in Urban 

areas and 4 Rural areas is likely to revive the demand for the cement sector. These sectors are 

considered to drive the cement industries in India to a great extent, which held nearly 67 percent 
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of the total cement consumption in India. Out of the different end-user industries of cement, the 

housing segment accounted for the highest demand in FY 2018. Within this, 38% of demand was 

generated by the rural housing sector, followed by the urban housing sector was 32%. Such high 

demand for cement from the housing sector may be attributed to the fast execution of affordable 

government housing schemes like Pradhan Mantri Awas Yojna and Housing for All by 2022. Apart 

from housing, commercial, and industrial investments, the infrastructure segment accounted for a 

considerable demand for cement in India. The CAGR for the consumption of cement is 5.20%. 

There has been a high growth seen in cement manufacturing in the last decade. Huge long-

term, as well as short-term funds are required for the cement manufacturing unit. Hence, it requires 

checking the profit performance of cement companies. The body of the paper may consist of the 

following points. 

1. Introduction 

2. Profitability 

3. Literature Review 

4. Research Methodology 

5. Data Analysis 

6. Conclusion 

7. References 

8. Annexure 

II. PROFITABILITY:  

In economics, profit is the difference between revenue that an economic entity has received 

from its outputs and the total costs of its inputs, also known as surplus value. It is equal to total 

revenue minus total cost, including both explicit and implicit costs. 

Profitability is a measure of an organization’s profit relative to its expenses. More efficient 

organizations will realize more profit as a percentage of their expenses than a less efficient 

organization, which must spend more to generate the same profit. Profit performance is a measure 

of a company's ability to generate profits from its operations. 

Profitability can tell key stakeholders whether a company can sustain its position in the 

market and continue to grow. It is the extent to which a company earns a profit. There are two 

parts to a company's profitability: revenue and expenses. As such, a company is profitable if its 

revenue exceeds its expenses. 

This metric is often expressed as a financial ratio to help management, analysts, and 

investors better understand how the company can earn the money necessary to cover its expenses 

https://www.investopedia.com/terms/e/expense.asp
https://www.investopedia.com/financial-ratios-4689817
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and other company-related costs. These ratios include profit margins and return on equity (ROE). 

Another key ratio is the earnings before interest, taxes, depreciation, and amortization (EBITDA). 

This ratio lets stakeholders know whether a company is financially healthy and how it can generate 

revenue. 

III. LITERATURE REVIEW: 

Krishna Swarup Gupta (1988) in his analysis on “Financial Statements of Indian Cement 

Industry: A case study of Associated Cement Companies”, brought the results that the rate of return 

on total capital employed was measured at 4.2% against the ideal rate of 18% to 24% which is 

very poor. The total investment had been highly unprofitable. However, the activity and liquidity 

position showed significant levels. The stock turnover ratio was uniformly good. Debtors varied 

from 5% to 8% on total current assets. Credit and collection policies were effectively enforced. 

The percentage of the equity to net fixed assets was below 45%, indicating that shareholders’ funds 

were inadequate to finance fixed assets. 

Chandrasekaran N. (1993) had attempted to examine “Determinants of Profitability in Cement 

Industry”. The study aimed at drawing inference on the impact of policy measures that led to 

changes in price and distribution policies relevant to the cement industry. Determinants of 

profitability were analysed using the technique of ordinary least squares. To find out whether the 

profitability function has shifted after estimating the function and the test was also done to 

ascertain the inference. The main findings of this study were that the profitability of the company 

was based on the assets structure and proper utilization of the production capacity. Some of the 

main changes in the cement industry environment during the 1980s identified in this study were: 

from complete control to decontrol, a number of new entrants and substantial additions of capacity, 

changing technology from inefficient wet process to efficient dry process and from conditions of 

scarcity of cement to near gloat in the market. 

Padmaja Manoharan (2002) through the analytical study “An Analytical study in Profitability 

of Cement Industry in India” has revealed the variation in profitability of Indian cement companies 

depending on age, size, and region. The study identified that the quality of earnings depends on 

management and leverage management. Further, the analysis concludes that the profitability and 

quality of earnings are influenced by the liquidity factor. 

P. K. Das (2006) examined “The Dividend practices in selected Cement Industry” from 1985-86 

to 2004-2005. He found that the company followed a conservative dividend policy during the study 

period. There was a significant increase in profitability due to earnings per share and the capital 

employed current ratio was in decreasing trend. 

https://www.investopedia.com/terms/e/ebitda.asp
https://www.investopedia.com/terms/s/stakeholder.asp
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G. Vijayakumar (2009) had completed his Ph. D. on “Financial Performance of Cement Industry 

in India” in the year 2009. He covered technological changes, new investment, merger and 

acquisition, government initiatives, Ready mix concrete business. 15 cement companies were 

selected for study by him. The study covers a period of 10 years i.e. from 1998–99 to 2007-08. 

The data was analysed by working of Solvency Ratio, Profitability Ratio, and Management 

efficiency, and other various statistical tools were also used in the study. He found that the average 

current ratio of the selected companies is 1.45 which is below the ideal ratio of 2:1, while the 

average quick ratio of the selected companies is 1.22, which is above the ideal industrial 

benchmark of 1:1. The average current assets to fixed assets ratio is 37% for the samples selected. 

It is almost matching with the ideal ratio. The average debt-equity ratio is 1.93 times for the 

samples selected which is almost near to the ideal ratio. The average Gross Profit Ratio for the 

samples studied is 16.78% and the average net profit ratio of the sample selected is 2.26% while 

the Average Operating Profit Ratio of all selected samples is 19.57 % and average ROI for the 

sample selected is 9.07%. The average return in terms of net profit on common equity for the 

selected sample is 2.11 times and the average dividend pay-out ratio of the selected sample is 

0.19:1 while the average annual growth rate of EPS is 61%. 

Dr. S. J. Bhayani (2010) had published an article on “Determinant of Profitability in Indian 

Cement Industry: An Economic Analysis” in the South Asian Journal of Management in the year 

2010. In this article, he attempted to identify which variables are judging the profitability of the 

Indian Cement Industry. The study covers all listed cement firms working in India from 2001 to 

2008. To determine profitability backward regression analysis was used on the variables of the 

study. The result of the study shows that liquidity, age of firm, operating profit ratio, interest rate, 

and the inflation rate have played a vital role in the determination of the profitability of the Indian 

Cement Industry. 

Zubair Arshad and Muhammad Yasir Gondal (2013) made a study on “Impact of working 

capital management on profitability- A case of the Pakistan cement industry”. They selected 21 

cement companies for a study period of 6 years from 2004-2005 to 2009-2010. The study applied 

regression analysis and various ratios. The study suggested that the profitability of the undertaking 

might be increased by shortening inventory periods. The positive relationship between the account 

receivable period and profitability could be reduced. Therefore their power insufficient 

competition can lead to a decrease in profitability. Empirical findings of the study indicate that the 

current ratio and net current ratio on total ratio have significantly positive effects on firm 

profitability. This means that while accounts receivables and inventory periods lengthen, 
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profitability increases, or vice versa. The other variables that have significant effects on firm 

profitability are quick ratio affecting it negatively. This means that any increase in stock leads 

profits to down. The other variables included in the regression model working capital turnover 

ratio and inventory turnover ratio has no statistically significant effects on firm profitability. 

Ankit D. Patel (2015) had done his Ph. D. on “Financial Analysis of Cement Industry of India: A 

Statistical Approach” in 2015. He has selected 18 cement companies in his study. The selected 

companies were Prism Cement Ltd., The India Cement Ltd., Sanghi Industry Ltd., UltraTech 

Cement Ltd., Binani Cement Ltd., Grasim Industry Ltd., Birla Corporation Ltd., J. K. Cement Ltd., 

J. K. Lakshmi Cement Ltd., Chettinad Cement Ltd., N. C. L. Industries Ltd., Shree Cement Ltd., 

Mangalam Cement Ltd., Madras Cement Ltd., Barak Valley Cement Ltd., Sagar Cement Ltd., 

Everest Industries Ltd., and Deccan Cement Ltd. He covered the period of 10 years from 2002-03 

to 2011-12. In his study, he discussed facts of the cement industry in India, strong points of the 

cement industry and stimulations need for it, comparison with global regional consumption 

production, and per-capita consumption by different countries. For analysis, he used ratio analysis, 

trend analysis, and ANOVA test. He found that the Gross Profit ratio of the cement industry in 

India during the first half of the decade was improved from 11.04 to 27.88, while during the second 

half of the decade it declined from 29.32 to 13.37. The Net Profit Margin ratio of the cement 

industry of India during the first half of the decade was improved from -6.57 to 16.46, while during 

the second half of the decade it was declining from 15.76 to 3.12. The Return on Capital Employed 

Ratio of the cement industry of India during the first half of the decade was improved from -0.425 

to 24.65 and then the trend of Return on Capital Employed Ratio started declining. During the 

second half of the decade, it was declining from 23.37 to 6.91. The Return on Shareholders' Fund 

Ratio of the cement industry of India during the first half of the decade was improved from -5.57 

to 27.86 respectively and then the trend of Return on Shareholders' Fund Ratio started declining. 

During the second half of the decade, it was declining from 25.97 to 3.14. He also analyzed that 

so far as the current ratio is a concern, the trend of this ratio was downward. This ratio indicates a 

linear downward trend. In the case of the debt-equity ratio had a linear declining trend with a 

regression coefficient of -15.085 which means during the decade the cement industry of India's 

performance was satisfactory because the cement industry highly depended on its own equity funds 

and can repay its long term liability easily. 

Pankaj Yadav (2017) published an article “An Analysis of Indian Cement Industries based on 

Profitability Performance”. He attempts to assess the profitability position of cement companies. 

He selected 10 listed cement companies for 5 years period i.e. from 2012-13 to 2016-17. ACC 
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Cement Ltd., Ambuja Cement Ltd., Birla Corporation Ltd., Dalmia Cement Ltd., Heidelberg 

Cement Ltd., India Cement Ltd., Manglam Cement Ltd., Prism Cement Ltd., Shree Cement Ltd., 

UltraTech Cement Ltd. were selected by him. He measured the Operating Profit Ratio, PBIT 

Margin, Net Profit Ratio, Return on Capital Employed Ratio, Return on Equity Shareholders’ 

Fund, Return on Long-term Fund, Earnings per Share, and Dividend per share. Motaal Rank Test 

was used by him to test hypotheses. He concludes that the companies selected for the study show 

that the industry is somewhat doing well as far as profitability ratios are concerned. UltraTech 

Cement Ltd., Ambuja Cement Ltd., Shree Cement Ltd., and ACC Cement Ltd. are a top performer 

in the industry while Prism Cement and Heidelberge Cement perform badly. 

IV. RESEARCH METHODOLOGY:  

I.I Objectives: 

To examine the profitability performance based on Investment during the period of 

study of the selected cement companies under study. 

I.II Hypotheses: 

Null hypotheses constructed for the study are as under: 

Ho1 There is no significant difference in the Return on Capital Employed ratio of 

selected cement companies. 

Ho2 There is no significant difference in the Return on Equity Shareholder’s Fund ratio 

of selected cement companies. 

Ho3 There is no significant difference in the Earning per Share (EPS) ratio of selected 

cement companies. 

 

Alternative hypotheses constructed for the study are as under: 

H11 There is significant difference in the Return on Capital Employed ratio of selected 

cement companies. 

H12 There is significant difference in the Return on Equity Shareholder’s Fund ratio of 

selected cement companies. 

H13 There is significant difference in the Earning per Share (EPS) ratio of selected 

cement companies. 

I.III Universe: 

The universe of the study consists of all the limited companies working in India and 

listed on the stock exchange of India in the cement industry. 

I.IV Sample: 
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The top 10 Indian cement companies were selected based on Revenue and Market share 

as of 31st March 2020. 

I.V Period of Study: 

The period of the study is 10 years i.e. 2010-11 to 2019-20. 

I.VI Data Collection: 

The study is totally based on subsidiary data. The required data for the present study has 

been collected from the published annual reports and financial statements of selected 

cement companies in India. 

I.VII Tools and Techniques for Data Analysis: 

Out of different ratios, three key ratios to measure profitability performance based on 

Investment were calculated. The Return on Capital Employed ratio, Return on Equity 

shareholders’ Fund ratio and Earning per Share (EPS) ratio was calculated. 

For statistical analysis, tools viz. EXCEL and SPSS 22.0 trial versions were used. For 

the comparison of different ratios among selected 10 companies in the cement sector, 

techniques of statistical analysis like parametric test (ANOVA) or non-parametric test 

(Kruskal -Wallis test) can be applied. To decide, which test is applicable for a specific 

ratio, first of all, the normality assumption is verified using Shapiro-Wilk Test. If the 

normality assumption is violated, then a non-parametric test (Kruskal -Wallis test) is 

applied. If the normality assumption is not violated, then a parametric test (ANOVA) is 

applied. ANOVA has one more assumption of homogeneity of variance. If the 

homogeneity of variance assumption is not violated then Fisher’s ANOVA is used and 

if the homogeneity of variance assumption is violated then Welch ANOVA is used. The 

assumption of Normality and assumption of homogeneity of variance are shown in 

Annexure – I and Annexure – II respectively.  

V. Data Analysis: 

V.I Return on Capital Employed Ratio:  

The Return on Capital Employed ratio for the period of study for 10 cement companies is 

as under: 

Table: 1 Return on Capital Employed Ratio 

Name 

of 

Compan

y 

2010

-11 

2011

-12 

2012

-13 

2013

-14 

2014

-15 

2015

-16 

2016

-17 

2017

-18 

2018

-19 

2019

-20 

Avg

. 

SD 

UCL 12.4

7 

19.6

9 

19.0

6 

12.8

8 

12.9

9 

13.3

7 

13.9

2 

10.3

7 

10.7

0 

12.0

3 

13.7

5 

3.1

7 
ACL 7.15 23.4

4 

27.6

7 

16.2

0 

7.96 6.94 18.0

9 

16.1

2 

11.4

1 

13.9

2 

14.8

9 

6.9

4 
ACCCL 22.7

7 

19.9

2 

23.9

7 

15.3

6 

17.1

8 

11.5

6 

7.17 8.42 8.00 9.01 14.3

4 

6.3

8 
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SCL 20.6

3 

18.7

9 

22.3

1 

14.4

8 

13.7

0 

11.1

2 

9.89 13.9

4 

13.9

8 

17.0

8 

15.5

9 

4.0

2 
DCL 5.17 10.0

6 

7.86 4.23 3.84 10.4

0 

12.1

7 

10.1

9 

5.48 5.04 7.45 3.0

5 
BCL 15.9

5 

11.7

6 

10.8

1 

6.25 6.99 7.19 6.55 5.42 5.05 9.25 8.52 3.4

4 
ICL 3.35 10.9

9 

8.56 4.96 7.36 9.53 7.45 5.16 4.81 4.25 6.64 2.5

2 
RCL 10.3

0 

15.7

3 

15.7

9 

6.63 9.78 15.9

4 

19.1

2 

16.1

1 

12.6

5 

11.1

3 

13.3

2 

3.8

3 
OCL 18.9

0 

25.0

4 

27.5

4 

15.8

3 

11.9

0 

4.66 2.99 8.68 7.99 10.7

5 

13.4

3 

8.2

8 
HCL 12.3

1 

2.84 2.97 0.95 10.5

3 

9.48 12.2

8 

16.8

4 

23.3

6 

25.3

2 

11.6

9 

8.3

3 
Overall 

(Mean) 

11.96 6.0

4  

Graph: 1 Return on Capital Employed Ratio 

 

Interpretation: 

From Table- 1 and Graph-1, it is clear that the overall mean of the Return on Capital Employed 

Ratio for selected companies for the selected period of study was 11.96% and S.D. was 6.04. 

The range of the Return on Capital Employed ratio was 0.95 to 27.67. The highest ratio during 

the period was 27.67 for Shree Cement Ltd. in the year 2012-13 while the lowest ratio was 0.95 

for Heidelberge Cement Ltd. in the year 2013-14. Out of 10 selected companies, there were 6 

companies show Return on Capital Employed ratio higher than the overall average ratio. Those 

six companies are UltraTech Cement Ltd., Ambuja Cement Ltd., ACC Cements Ltd., Shree 

Cement Ltd., The Ramco Cement Ltd., and Orient Cement Ltd. with 13.75, 14.34, 15.59, 14.89, 

13.32 and 13.43 respectively. The highest average Return on Capital Employed ratio during the 

period of study was 15.59 for ACC Cement Ltd. 

 UltraTech Cement Ltd. shows a ratio between 10.37 and 19.69. 

 Shree Cement Ltd. shows a ratio between 6.94 and 27.67. It’s a very high-level variation in 

ratio. 

 Ambuja Cement Ltd. shows a ratio between 7.17 and 23.97. 

 ACC Cement Ltd. shows a ratio between 9.89 and 22.31. 

 Dalmia Cement Ltd. shows a ratio between 3.84 and 12.17. 
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 Birla Corporation Ltd. shows a ratio between 5.05 and 15.95. 

 The India Cement Ltd. varies between 3.35 and 10.99. 

 The Ramco Cement Ltd. shows a ratio between 6.63 and 19.12. 

 Orient Cement Ltd. shows a ratio between 2.99 and 27.54. It shows very high volatility in 

Return on Capital Employed ratio. 

 Heidelberge Cement Ltd. shows a ratio between 0.95 and 25.32. It shows very high 

fluctuation in Return on Capital Employed ratio. 

Test of Hypothesis: 

Ho1 There is no significant difference in the Return on Capital Employed ratio of selected 

cement companies. 

H11 There is significant difference in the Return on Capital Employed ratio of selected cement 

companies. 

 

Mean Rank for Return on Capital Employed Ratio as per KW Test 

   

 

 

 

 

 

 

 

Test Statistics 

 Return on Capital Employed Ratio 
Chi-Square (KW-ANOVA) 31.910 

Df 9 
Asymptotic Sig. 0.000 

 

It can be observed from the above table that the p-value of the Kruskal-Wallis Test is less than 

0.01 which indicates that the null hypothesis is rejected at 1% level of significance. It shows that 

there is a significant difference in Return on Capital Employed ratio between selected companies. 

 

 

 

Name of the 

Company 

N Mean 

Rank 

Company 

Rank ACC Cement 

Ltd. 

10 71.70 1 
UltraTech 

Cement Ltd. 

10 64.50 2 
Shree Cement 

Ltd. 

10 63.10 3 
Ambuja Cement 

Ltd. 

10 61.00 4 
The Ramco 

Cement Ltd. 

10 60.50 5 
Orient Cement 

Ltd. 

10 53.80 6 
Heidelberge 

Cement Ltd. 

10 48.10 7 
Birla Corporation 

Ltd. 

10 33.00 8 
Dalmia Cement 

Ltd. 

10 27.10 9 
The India 

Cement Ltd. 

10 22.20 10 
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V.II Return on Equity Shareholders’ Fund Ratio: 

The Return on Equity Shareholders’ Fund ratio for the period of study for 10 cement 

companies is as under: 

Table: 2 Return on Equity Shareholders’ Fund Ratio 

Name 

of 

Compan

y 

2010

-11 

2011

-12 

2012

-13 

2013

-14 

2014

-15 

2015

-16 

2016

-17 

2017

-18 

2018

-19 

2019

-20 

Avg

. 

SD 

UCL 13.1

7 

19.0

2 

17.4

3 

12.5

4 

10.6

8 

10.4

9 

10.9

8 

8.61 8.79 14.2

5 

12.5

9 

3.4

8 
ACL 10.5

6 

22.6

2 

26.1

2 

16.7

1 

8.08 7.36 17.4

0 

15.5

6 

9.91 12.1

4 

14.6

5 

6.2

3 
ACCCL 17.2

4 

14.8

4 

14.7

3 

13.6

5 

14.8

1 

7.84 5.09 6.26 7.08 6.88 10.8

4 

4.5

8 
SCL 17.3

1 

18.4

3 

14.3

7 

14.0

0 

14.1

9 

7.01 6.95 9.77 14.3

1 

11.7

9 

12.8

1 

3.9

2 
DCL 1.79 4.96 6.42 -

0.27 

0.10 4.95 6.94 7.89 2.90 2.12 3.78 2.8

7 
BCL 15.5

4 

10.6

6 

11.0

1 

5.14 6.69 5.81 6.74 4.56 3.26 7.26 7.67 3.7

0 
ICL 1.67 7.20 4.00 -

4.22 

0.82 3.78 3.39 1.93 1.33 -

0.66 

1.92 3.0

5 
RCL 12.3

6 

18.7

8 

17.0

3 

5.55 9.16 18.0

5 

17.3

5 

13.7

5 

11.3

4 

12.2

2 

13.5

6 

4.2

9 
OCL 15.8

7 

18.8

4 

21.3

6 

12.1

9 

19.9

7 

6.12 -

3.25 

4.33 4.51 7.74 10.7

7 

8.1

5 
HCL 8.08 3.58 3.64 -

4.89 

6.83 4.32 7.88 12.7

3 

18.8

4 

20.3

9 

8.14 7.5

5 
Overall 

(Mean) 

9.67 6.3

3  

Graph: 2 Return on Equity Shareholders’ Fund Ratio 

 

 

Interpretation: 

From Table-2 and Graph-2, it is clear that the overall mean of the Return on Equity 

Shareholders’ Fund Ratio for selected companies for the selected period of study was 9.67% 

and S.D. was 6.33. The range of ratio was -4.89 to 26.12. The highest ratio during the period 

was 26.12 for Shree Cement Ltd. in the year 2012-13 while the lowest ratio was -4.89 for 

Heidelberge Cement Ltd. in the year 2013-14. Out of 10 selected companies, there were 6 

companies show Return on Equity Share Holders’ Fund ratio higher than the overall average 

ratio. Those six companies are UltraTech Cement Ltd., Ambuja Cement Ltd., ACC Cements 
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Ltd., Shree Cement Ltd., The Ramco Cement Ltd., and Orient Cement Ltd. with 12.59, 10.84, 

12.81, 14.65, 13.56 and 10.77 respectively. The highest average Return on Equity Share 

Holders’ Fund ratio during the period of study was 14.65 for Shree Cement Ltd. 

 UltraTech Cement Ltd. shows a ratio between 8.61 and 19.02. 

 Shree Cement Ltd. shows a ratio between 7.36 and 26.12. It’s a very high-level variation in 

ratio. 

 Ambuja Cement Ltd. shows a ratio between 5.09 and 17.24. 

 ACC Cement Ltd. shows a ratio between 6.95 and 18.43. 

 Dalmia Cement Ltd. shows a ratio between - 0.27 and 7.89. 

 Birla Corporation Ltd. shows a ratio between 3.26 and 15.54. 

 The India Cement Ltd. varies between - 4.22 and 7.20. 

 The Ramco Cement Ltd. shows a ratio between 5.55 and 18.78. 

 Orient Cement Ltd. shows a ratio between - 3.25 and 21.36. It shows very high volatility in 

Return on Equity Share Holders’ Fund ratio. 

 Heidelberge Cement Ltd. shows a ratio between - 4.89 and 20.39. It shows very high 

fluctuation in Return on Equity Share Holders’ Fund ratio. 

Test of Hypothesis: 

Ho2 There is no significant difference in the Return on Equity Share Holders’ Fund ratio of 

selected cement companies. 

H12 There is significant difference in the Return on Equity Share Holders’ Fund ratio of selected 

cement companies. 

Robust Tests of Equality of Means (Welch) 

Statistica df1 df2 Sig. 

12.282 9 36.523 0.000 
a. Asymptotically F distributed 

It can be observed from the above table that the p-value of the Welch ANOVA is less than 0.01 

which indicates that the null hypothesis is rejected at 1% level of significance. It shows that there 

is a significant difference in Return on Equity Share Holders’ Fund ratio between selected 

companies. 

 

V.III  Earnings per Share (EPS) Ratio: 

The Earnings per Share (EPS) ratio for the period of study for 10 cement companies is as 

under: 



13 
 

Table: 3 Earnings per Share (EPS) Ratio 
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Graph: 3 Earnings per Share (EPS) Ratio 

 

 

Interpretation: 

From Table- 4.1.3 and Graph 4.1.3, it is clear that the overall mean of the Earnings per Share 

(EPS) Ratio for selected companies for the selected period of study was 47.81 and S.D. was 

83.58. The range of the Earnings per Share ratio was -5.29 to 435.18. The highest ratio during 

the period was 435.18 for Shree Cement Ltd. in the year 2019-20 while the lowest ratio was -

5.29 for The India Cement Ltd. in the year 2013-14. Out of 10 selected companies, there was 

only 3 companies show Earnings per Share ratio higher than the overall average ratio. Those 

three companies are UltraTech Cement Ltd., ACC Cements Ltd., and Shree Cement Ltd. with 
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92.36, 57.23, and 249.49 respectively. The highest average Earnings per Share ratio during the 

period of study was 249.48 for Shree Cement Ltd. 

 UltraTech Cement Ltd. shows a ratio between 51.24 and 189.02. 

 Shree Cement Ltd. shows a ratio between 60.19 and 435.18. It’s a very high level of positive 

variation in ratio. 

 Ambuja Cement Ltd. shows consistency in the ratio between 4.89 and 9.66. 

 ACC Cement Ltd. shows a ratio between 31.51 and 80.23. 

 Dalmia Cement Ltd. shows a ratio between - 1.04 and 38.76. It shows high positive volatility 

in the ratio. 

 Birla Corporation Ltd. shows a ratio between 14.95 and 41.54. It shows the volatility in the 

ratio. 

 The India Cement Ltd. varies between - 5.29 and 9.54. 

 The Ramco Cement Ltd. shows a ratio between 5.79 and 27.27. 

 Orient Cement Ltd. shows a ratio between - 1.57 and 10.92.  

 Heidelberge Cement Ltd. shows a ratio between - 1.80 and 11.83. 

Test of Hypothesis: 

Ho3 There is no significant difference in the Earnings per Share ratio of selected cement 

companies. 

H13 There is significant difference in the Earnings per Share ratio of selected cement 

companies. 

Mean Rank for Earnings per Share Ratio as per KW Test 

 

 

 

 

 

 

 

Test Statistics 

 Earnings Per Share Ratio 
Chi-Square (KW-ANOVA) 83.875 

Df 9 
Asymptotic Sig. 0.000 

 

Name of the 

Company 

N Mean 

Rank 

Company 

Rank 
Shree Cement 

Ltd. 

10 93.90 1 
UltraTech 

Cement Ltd. 

10 85.70 2 
ACC Cement 

Ltd. 

10 76.10 3 
Birla Corporation 

Ltd. 

10 61.30 4 
The Ramco 

Cement Ltd. 

10 51.90 5 
Dalmia Cement 

Ltd. 

10 42.90 6 
Ambuja Cement 

Ltd. 

10 32.80 7 
Orient Cement 

Ltd. 

10 23.90 8 
Heidelberge 

Cement Ltd. 

10 19.70 9 
The India Cement 

Ltd. 

10 16.80 10 
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It can be observed from the above table that the p-value of the Kruskal-Wallis Test is less than 

0.01 which indicates that the null hypothesis is rejected at 1% level of significance. It shows that 

there is a significant difference in Earnings per Share between selected companies. 

  

VI. Conclusion:  

It is concluded that Ambuja Cement Ltd., UltraTech Cement Ltd., Shree Cement Ltd., The 

Ramco Cement Ltd., and ACC Cement Ltd. performing well in profit generation. Heidelberge 

Cement Ltd. and The India Cement Ltd. show very poor performance as regards profitability. The 

companies selected are doing well as far as profitability ratios are concerned. Notably, Shree 

Cement Ltd., UltraTech Cement Ltd., The Ramco Cement Ltd., and Ambuja Cement Ltd. are the 

top performer. 
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Annexure – I 

Assumption of normality (Shapiro-Wilk) 

Ratio 
Company 

Name 
Statistic df Sig. 

Normality 

Assumption 

R
et

u
rn

 o
n
 C

ap
it

al
 

E
m

p
lo

y
ed

 R
at

io
 

UCL .822 10 .027 Not follows 

Normal 

Distribution. 

So, a non-

parametric 

test applied. 

ACL .895 10 .192 
ACCCL .948 10 .649 
SCL .931 10 .456 
DCL .885 10 .147 
BCL .877 10 .122 
ICL .939 10 .540 
RCL .943 10 .591 
OCL .937 10 .524 
HCL .931 10 .456 

R
et

u
rn

 o
n
 E

q
u
it

y
 S

h
ar

e 

H
o

ld
er

s 
F

u
n
d

 R
at

io
 UCL .917 10 .333 Follows 

Normal 

Distribution. 

So, a 

parametric 

test applied. 

ACL .851 10 .059 
ACCCL .921 10 .363 
SCL .931 10 .462 
DCL .943 10 .585 
BCL .902 10 .228 
ICL .963 10 .819 
RCL .936 10 .513 
OCL .940 10 .557 
HCL .942 10 .573 

E
ar

n
in

g
s 

p
er

 S
h
ar

e 
R

at
io

 

UCL .710 10 .001 Not follows 

Normal 

Distribution. 

So, a non-

parametric 

test applied. 

ACL .921 10 .362 
ACCCL .931 10 .462 
SCL .950 10 .664 
DCL .958 10 .759 
BCL .914 10 .309 
ICL .973 10 .914 
RCL .921 10 .368 
OCL .972 10 .909 
HCL .897 10 .205 

 

Annexure – II 

Assumption of homogeneity of variance 

Ratio Levene 

Statistic 

df1 df2 Sig. Homogeneity 

Return on 

Capital 

Employed 

3.715 9 90 .001 Heterogeneous 

Return on Equity 

Shareholders 

Fund 

3.240 9 90 .002 Heterogeneous 

Earnings per 

Share 

20.075 9 90 .000 Heterogeneous 
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NEW EDUCATION POLICY 
 

Dr. Vandana G. Trivedi 
 
 
 

 
 
 
 
 
 
 

ABSTRACT 
 
 The outcome of teaching must be skill development of a student and achieve the holistic 
development of the student. In our present education system the number of educated people is 
increased, but on the other hand there are many burning problems which are still remain in the 
Economy. Number of students who are committed to suicide is increased. At this time, it is become more 
important to think about to bring reform in Education policy. Gandhiji (Ramakrishna, 2015) said that,” 
Literacy in itself is no education “. That means teaching means not to perceive a degree or making a 
career and earning money. But it is more than it. Keeping in the mind these all aspect New Education 
policy is formed. It will be implemented in the structure gradually. 

 

Keywords: NEP, Skill Development, Teaching, Career, Economy. 

________________ 
 

 

Introduction 

. 

 National Education policy (NEP) has launched in India on 29th July, 2020 with the goal of 
bringing transformation in school level and Higher Education. The old Education policy was introduced in 
1986. After a long period of 34 years this is the first Education policy of 21st century. The policy will work 
in the direction of establishment of importance of Education in the new global Economy. Drucker (1993) 
and Porter (1990) emphasis the importance of Education on the basis of increase of productivity and 
expansion of the Economy by increase competitiveness national level NEP is based upon four main 
aspects like, Equality, Access, Quality and Accountability. 

New Aspects in NEP 

• 10TH and 12th board exam. Will introduce with reconstruction of the structure for the holistic 
development of the student. 

• School examination will take for grade 3, 5 and 8 which will take appropriate Authority.   

• A new National Assessment set up is introduced giving importance to as,(Performance 
assessment, review, and analysis of knowledge for holistic development) which is called  
“PARAKH”  

• Scientific approach, Mathematical ability will get prioritize and coding will introduce from grade 6 
onwards. 

• The 10+2 structure will be replaced by 5+3+3+4 

• In this new structure total 12 years will be of schooling and 3 years of pre-school/ Anganwadi. 

• To promote entrepreneurship, vocational course will introduce from grade 6 in which internship 
is also included.  

 
  Assistant Professor in Economics, Gujarat Commerce College, Ellis Bridge, Ahmedabad, Gujarat, India. 



Dr. Vandana G. Trivedi: New Education Policy 51 

• Mother tongue/ Regional language will be the medium of instruction till 5th grade. No language 
will be forced for students. 

• Sanskrit will introduce as an optional language in schools and higher education.  

• Literature of India and other classical language will be introduced as an option. 

• Higher education will be more flexible, admission in multiple courses will be possible at a same 
period. 

• Education and research will be multidisciplinary. Academic Bank of Credit (ABC) will help the 
students to choose subject as per their interest. They can earn credit and at the time of the 
completion of the degree the credit will be counted. 

• The curricular in all subjects will reduce, practical and field work will be promoted. 

Advantages 

• The NEP is targeted to make possible the comeback of approximately Two crore   students. 
This will make possible to achieve the objective of our constitution, “EDUCATION FOR ALL”.  

• Student’s formative learning will increase because in NEP the 5+3+3+4 structure is applied. This 
5+3+3+4 structure corresponds to ages from 3 to 8, 8 to 11, 11 to 14 and 14 to 18 years. In this 
entire process of education, there will be 12 years of schooling and 3 years of pre-school/ 
Anganwadi.  

• Education in Mother tongue/ regional language will let down the early childhood stress of 
learning foreign language among the children. Researches shows that Mother tongue/ regional 
language are more efficient medium to learn new things. 

• NCERT designed a frame work for early child care, a national level curricular and pedagogical 
framework for the students up to age 8. Which will promote the holistic development of 
students? 

• Mission fundamental literacy and numeracy will be helpful o set up a strong foundation of 
fundamental literacy in the country. 

• National book promotion policy will bring major benefits to the students. 

• School level exams for grade 3, 5 and 8 will organize by appropriate authority.  It is the good 
opportunity to check the student’s ability of certain grade. If the student found weak, extra efforts 
can be made to upgrade them.  10th and 12th board exam. Will organize with modification this 
change will make easy the board exam. Stress of the students. 

• “PARAKH” (Performance assessment, review, and analysis of knowledge for holistic 
development) policy will encourage the overall development of the students. 

• The provision of Balbhavan (special day time boarding school) which will established in every 
state/ district of the country will encourage the participation of the students in sports, arts and 
other related activities. 

• The provision of Academic Bank of Credit (ABC) will help the students to choose subject as per 
their interest. They can earn credit and at the time of the completion of the degree the credit will 
be counted. Multidisciplinary Education and research will bring a high level of intellectual rise in 
the country. Now there is no boundary of subject.  

• Promotion of on line Education will make the student powerful in the use of technology. They 
can have knowledge of particular subject or topic from any corner of the world. On line 
education training will prepare the students to face any upcoming pandemic situation. 

Challenges 

National Education Policy has implemented many new policy which will definitely open up new 
direction for future India, but There are some challenges in the implementation of it.  Like, 

• To find out capable teachers who can teach in mother tongue will be difficult in initial stage of 
the implementation of “NEP”. 

• Teacher- student ratio is already problematic in the country, If the proper appointment of teacher 
will not be done, it will create other issues in Education.  
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• Majority of standard and valuable books regarding any discipline / subjects are available in 
English language, because since India’s Independence English took place as an Important 
language. At the time of implementation of “NEP” it is the big challenge to make available 
material in mother tongue or regional language. To promote Education in mother tongue it is 
very necessary to translate all the material in regional language. 

• In India private sector is actively work in the field of Education, there is a huge gap between the 
level of public school students and private school students. The government must take strong 
and effective steps to fulfill the gap.  

• It may lead to lack of sufficient knowledge of any language in students. 

Conclusion 

Education is considering a powerful weapon to bring positive changes and to promote 
development in the country. “NEP” is applied in the country to bring overall development of the students 
and to build up skilled manpower through it.  There are many significant steps are taken in “NEP”. With 
the advantages of “NEP”, there are also many challenges.  We can hope that the crisis which will occur 
at the time of change in education system, will get set in few years. When any change take place , some 
part of the system get badly affected but with the step by step implementation it is become normal in the 
society.  We can hope it for the “NEP” also.  
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Abstract
The experimenters have limited flexibility as far as the number of experimental units 
are concerned; this could be unsuitable in bioavailability/bioequivalence study. In 
cross-over design literature, most of the designs require an even number of sub-
jects, few of them are available for 3, 9 or 15 subjects, but designs are not available 
for number of subjects like 5, 7, 11. A new class called active balanced cross-over 
designs is defined and constructed for carry-over models through a 5M active bal-
anced computer search algorithm for addressing this gap in literature. The newly 
generated cross-over designs are more variance efficient under self and mixed carry-
over model than the two treatments three periods cross-over designs. Many cross-
over designs, which have been unavailable so far, are obtained for five carry-over 
models in this paper. A new optimal cross-over design in the class of balanced two 
treatments three periods cross-over designs is also generated. An exhaustive list of 
optimal and/or efficient cross-over designs have been provided for designs in 4 to 13 
experimental units. In this list, 10 new included designs are optimal for one of the 
carry-over models and 7 new included designs are optimal and/or efficient when fit-
ting to all four plausible carry-over models.

Keywords Self and mixed carry-over effect · Optimal and efficient design · Active 
treatment · Placebo treatment · Washout period

1 Introduction

Designs with a new therapy, standard therapy and a placebo/reference are some-
times referred as ’gold standard’ trials. There are two kinds of objectives associ-
ated with these trials: compare two active treatments and compare each active 
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treatment with placebo/reference. These research objectives are often carried 
out using cross-over designs (CODs) because within experimental unit treatment 
comparisons are more efficient than between experimental unit treatment com-
parisons. For example, [19] used a three treatment COD having three periods to 
compare the protective effect of single dose of a study therapy formoterol solu-
tion aerosol 12 mg (F12) with that of a standard therapy salbutamol suspension 
aerosol 100 mg (F100) and a placebo (P). The forced expiratory volume in one 
second (FEV1) of patients suffering from exercise-induced asthma are repeatedly 
measured after respective therapy defined in COD. Also, refer [3], to discover 
that COD was used to compare the bioavailability of two brands of phenytoin 
sodium tablets, considering eptoin as the reference.

In CODs, each experimental unit is measured according to a treatment sequence 
over successive periods of time, where the carry-over effects may sustain for differ-
ent amounts of time. According to [16] if carry-over is present to any appreciable 
degree, then the usual statistical models provide no guaranteed protection against its 
effects. Owing to this reason, [17] investigated two treatments four periods CODs 
under traditional and steady state carry-over models and concluded that, statisticians 
cannot provide a general design and estimation strategy that gives guarantee to deal 
with carry-over. The steady state model assumes that the carry-over from the same 
treatment applied in the previous period ultimately vanishes to zero.

Koch et al. [10] proposed a two periods COD in ten sequences for comparison 
of two active treatments in presence of placebo. Jones and Donev [9] improved 
their design into a three-period design to optimize the active treatment comparison. 
However, both the authors assumed that the carry-over effects of active treatments 
and placebo are equal in magnitude but opposite in sign. Since proving optimality 
through combinatorial theory is tractable only for restricted class of designs, many 
authors such as, [8, 9, 15, 20] used a computer search algorithm to construct optimal 
CODs in two or more treatments for specific models.

A design optimal for one statistical model may not be optimal for another. Also, a 
design that estimates treatment contrasts under one model may not be able to estimate 
under another. It is therefore of interest to identify designs that provide efficient esti-
mates of treatment contrasts (relative to an optimal design) for more than one model.

Several optimal and efficient CODs in two treatments or two active treatments 
and a placebo are discussed in literature, for example, [5–7, 9, 10, 14], etc. But, they 
are suitable only when the number of experimental units are available in multiples 
of two or three. This limits use of their designs in several experimental situations, 
particularly in the medical field, where utilization of every unit is crucial. For exam-
ple, if exactly five experimental units are available, then the experimenter has to 
forgo getting information available on one of the units, because no design is avail-
able for five units. In general, no COD is available if the number of units is a prime 
number greater than three. This, of course, does not stop experimenter from using 
the design, but he either has to do away with less information, or capitalize on fund 
by cost incurred on one additional unit. The reason for the nonexistence of CODs for 
a prime number of units is a combinatorial one, as it is not possible to balance all 
possible pair occurrences of treatments for carry-over effects.
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To overcome this limitation, this paper defines a new class of CODs called active 
balanced CODs (ABCODs). It is a class of three treatments CODs, consisting of one 
placebo and two active treatments, where the balancedness and uniformity on periods is 
to be managed only for active treatments, and not necessarily for placebo. Also, CODs 
in two active treatments and a placebo have an additional benefit in analysis [2]. These 
designs have been studied under five different models and an optimal design is given for 
each model. A computer search algorithm called 5M active balanced algorithm is given 
and used to construct active balanced CODs which are optimal and/or efficient for each 
of the five models. The newly generated CODs have a variance smaller than that of the 
two treatments three periods CODs under self and mixed carry-over model. For exam-
ple, the cross-over design {2ABA, 2BAB} is shown to be optimal under self and mixed 
carry-over model by [7] for COD(2, 4, 3) having a variance of 1.5 for treatment contrast 
whereas, for active an balanced cross-over design {APB, BPA, PAB, PBA}, it is 0.62. 
Interestingly, some more new CODs, efficient than the popular balanced two treatments 
three periods CODs are also generated. Our contribution is twofold. First, it provides a 
new optimal COD for each specific model, and second, it gives new CODs which are 
optimal and/or efficient CODs for all the five models. A COD which is either optimal 
for any one model and efficient for the remaining models or efficient for all five models 
is referred as an optimal and/or efficient COD.

2  New Definitions, Models and Optimality

2.1  New Definitions

Balanced COD is not possible when the number of experimental units is not a multi-
ple of number of treatments. To overcome this limitation, we simplify the treatment 
pair occurrences and introduce two new terminologies, namely, active uniform over 
periods and active balanced.

Definition 1 A COD is called active uniform over periods if each active treatment 
occurs equally frequently in each period.

For example, the below COD is active uniform over periods because both active 
treatments A and B are applied once in the first and second period, and, twice in the 
third period. 

Period Subjects

1 2 3 4

1 A B P P
2 P P A B
3 B A B A

Definition 2 A COD(t, n, p) is said to be active balanced with respect to the set of 
treatments and first order carry-over effects if it is (i) active uniform over periods, 
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and (ii) in two successive periods, each ordered pair of active treatments, each self 
pair of active treatments, as well as, each pair of placebo followed by active treat-
ments are given to equal number of units.

For example, the design given above is active balanced because each active treat-
ment A and B is given to equal number of units in each period, also each ordered 
pair of active treatments AB and BA, each self-paired active treatments AA and BB, 
and each ordered pair, an active treatment followed by a placebo AP and BP, are 
given to equal number of units in two successive periods.

2.2  Models

The model known as no carry-over model in the COD literature is of the form,

where yijk denotes the response from sequence i, experimental unit j, in period k to 
which treatment d(k,  j) was assigned, � is the general mean, �d(k,j) is the effect of 
treatment d(k, j), �k is the effect due to period k, �ij is the effect due to experimental 
unit j having sequence i, every sequence replicated ni times (ni ≥ 1) , and the �ijk are 
independently normally distributed error terms with mean 0 and variance �2.

When the response variable is also affected by the treatment applied in the previ-
ous period, then one more term of carry-over effect of the treatment should be added 
in the model. This model is generally called simple carry-over model or traditional 
model in optimal design literature, and is given by

where �d(k−1,j) is the carry-over effect of treatment d(k − 1, j) on the response 
observed on experimental unit j in period k. It is obvious that there is no carry-over 
effect in the first period, that is, �d(0,j) = 0 . Sometimes, the carry-over due to the 
treatment preceded by it in the previous period is different than the treatment pro-
ceeded by other. This view was first introduced by [1] and studied by [11, 12]. This 
self and mixed carry-over model is of the form,

where �1d(k−1,j) is the carry-over of treatment preceded by other treatment in the pre-
vious period and �2d(k−1,j) is the carry-over of treatment preceded by itself in the pre-
vious period.

Practical situations where the purpose of the trial is to compare two treatments with 
help of a placebo/reference (For example, [13, 18]), the treatments are called active 
treatments. Accordingly, all the models considered in this paper are restricted to two 
active treatments and a placebo. As per medical knowledge, when a placebo is given 
to patients, in the patients’ mind the psychology is that a drug is given to them, but in 
reality it is a placebo, so whatsoever psychological effects the patients have get meas-
ured as treatment effects of the placebo, and in the next period there is no carry-over of 

(1)
yijk = � + �k + �ij + �d(k,j) + �ijk, i = 1,… , s; j = 1,… , ni; k = 1, 2,… , p,

(2)yijk = � + �k + �ij + �d(k,j) + �d(k−1,j) + �ijk,

(3)yijk = � + �k + �ij + �d(k,j) + �1d(k−1,j) + �2d(k−1,j) + �ijk,
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the psychological effects. Therefore it is logical to assume that there is no presence of 
psychological carry-over and obviously, there is no pharmacological carry-over from 
the placebo treatment. As per the assumption that, a placebo has no carry-over effects, 
models 1–3 with active treatments A, B and placebo P are referred in this article by 
NCM (No Carry-over Model), TBM (Traditional Model where Both active treatments 
have carry-over) and SBM (Self and mixed Model where Both active treatments have 
carry-over) respectively. Also, when the purpose of a trial is to compare a new treat-
ment with a standard treatment, the experimenter is usually aware of the washout 
period of the standard treatment. In this case, if the experimenter sets the length of 
washout period according to the standard treatment, then the standard treatment will 
not have carry-over effects. Regarding the complexity of the analysis of cross-over 
experiments for comparing a new treatment with a standard, the analysis also gets sim-
plified by assuming that only the new treatment has carry-over effect. In this case, 
the traditional model is considered under the assumption that only treatment A having 
carry-over effect is model 2, with �d(k−1,j) = 0 if d(k − 1, j) = B or P. We will refer to 
this model as TSM (Traditional Model where Single active treatment has carry-over).

Similarly, a self and mixed model is considered under the assumption that only 
treatment A having carry-over effect is model 3 with �d(k−1,j) = 0 if d(k − 1, j) = B 
or P. We will refer to this model as SSM (Self and mixed Model where Single active 
treatment has carry-over). These five different fixed effect models, NCM, TSM, 
TBM, SSM and SBM for continuous response cover all the possibilities of occur-
rence of carry-over effect.

2.3  Optimality

Most commonly, the performance of a design is measured by its variance of treat-
ment comparison, given by the variance of the least square estimates of the treat-
ments. Usually a design d with larger information matrix, Cd , yields a smaller 
variance for an estimate of treatment, hence the central problem in the design of 
experiments is to find the design d such that the information matrix Cd is as large as 
possible. However, in general, matrices cannot be compared directly. To compare 
them for different designs, one has to define functions of Cd , which maps from the 
matrix space into one dimensional space. For the connected balanced designs, it suf-
fices to compare variances of the treatment contrasts. Note that, the nature of treat-
ment contrasts depends upon the objective of the study.

For comparison of two treatments, the objective is to estimate the difference of 
treatment effects. The design which minimizes its variance over all the possible 
designs for a specific class is referred to the optimal in the class [7, 9]. A specific 
class of COD is generally determined by fixing only one or two of the three param-
eters, the number of treatments, periods and experimental units, but preferably, it 
should be considered by fixing all the three parameters, because the design informa-
tion matrix is affected by change in all three parameters.

Hedayat and Stufken [7] and Ozan and Stufken [14] ignored the number of 
experimental units in comparison of different designs, and thus missed several 
optimal designs available in specific number of experimental units, particularly in 
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the presence of carry-over effects [5]. Also under SSM and SBM, comparison of 
active treatments with the help of a placebo reduces the variance of treatment con-
trast. From Table  1, it is clear that the designs {ABB,APB,BAA,BPA,PPP} and 
{APB,BPA,PAB,PBA} in two active treatments and a placebo has the least variance 
for treatment contrast under SSM and SBM respectively than the cross-over design 
{ABA,ABA,BAB,BAB} recommended by [4], the cross-over design {ABA, ABB, 
BAB, BAA} of [7] and the cross-over design {AAB,ABB,BBA,BAA} of [5]. These 
designs are now optimal under SSM and SBM, respectively. That is, COD(t + 1, n, p) 
performs optimal than COD(t, n, p) under SBM. Note that, class COD(t + 1, n, p) 
contains all the CODs of t and t + 1 treatments having n or n − 1 experimental units 
in p periods. For simplicity, we used an abbreviated notation for the designs. For 
example, the active balanced cross-over design {ABB,ABB,BAA,BAA} is abbre-
viated as cod(ab)2{2ABB,2BAA} as shown in Table 2. The number after cod(ab) 
stands for the serial number of the COD in the Table. The number before the 
sequence denotes the replication of the sequence in the design. A design that is 
optimal under one model may not be optimal under another model. Then, the bet-
ter choice is the design which is efficient under several models. The efficiency is the 
relative efficiency of a design, d, with respect to the optimal design for that class and 
the model. Efficiency is calculated by taking the ratio of the variance of least squares 
estimator of treatment contrast for the optimal design to the variance of design d. 
Thus, efficiency of a design optimal for a specified class and model is 100% but it 
may not be so in case of another models. From Table 2, it is clear that, cod(ab)4{AB
B,APB,BAA,BPA,PPP} is optimal and efficient for class COD(2 + 1, 5, 3) , because 
this design is optimal under SSM and efficient in other models. Variance of least 
squares estimator of treatment contrast of CODs shown in this paper is obtained 
through the said computer search algorithm.

Table 1  Variance for treatment contrast of CODs for class COD(2 + 1, 5, 3)

Design n NCM TSM TBM SSM SBM

AAB,ABB,BBA,BAA 4 0.3750 0.3871 0.3871 0.5714 2.0000
ABA,ABB,BAB,BAA 4 0.3750 0.4615 0.4615 0.7941 1.8750
ABB,ABB,BAA,BAA 4 0.3750 0.3750 0.3750 – –
ABA,ABA,BAB,BAB 4 0.3750 1.5000 1.5000 1.5000 1.5000
APB,BPA,PAB,PBA 4 0.5000 0.5682 0.6154 0.5682 0.6154
ABB,APB,BAA,BPA,PPP 5 0.4286 0.4286 0.4286 0.5270 0.6364

Table 2  Optimal and/or efficient active balanced CODs for class COD(2 + 1, 5, 3)

Serial no. Design n NCM TSM TBM SSM SBM

1 AAB,ABB,BBA,BAA 4 100 97 97 92 31
2 2ABB,2BAA 4 100 100 100 – –
3 APB,BPA,PAB,PBA 4 75 66 61 93 100
4 ABB,APB,BAA,BPA,PPP 5 88 88 88 100 97
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2.4  Simulation Study

We demonstrate the performance adequacy of 5M algorithm via a simulation study. 
It was performed for each five models with results equivalent to those in Table 2. 
Suppose an experimenter wants to construct optimal and/or efficient CODs. Data 
shown in Table 3 for the cod(ab)4 were simulated under SBM by fixing the param-
eters as � = 15 , �A = 1 , �B = −1 , �P = 0 , �1A = −1 , �1B = 1 , �1P = 0 , �2A = −2 , 
�2B = 2 , �2P = 0 , �1 = −2 , �2 = 1 , �3 = 1 , �11 = �31 = 1 , �21 = �41 = −1 , �51 = 0 and 
�2 = 1 . Estimates of the interested treatment contrast (�̂A − �̂B) in this case is 2.0563. 
It shows that an active treatment A has 2.0563 units more effects than B, which is 
very close to exact value 2 (�A − �B) . Similarly, we simulated data for the cod(ab)1 
and cod(ab)3 under SBM by fixing the parameters as shown above. Estimates of the 
interested treatment contrast (�̂A − �̂B) for the cod(ab)1 is 5.7841 which is outlying 
from the exact value 2, whereas for the cod(ab)3 is 2.0265 which is very close to 
exact value 2. So it is clear that cod(ab)3 and cod(ab)4 estimates treatment contrast 
more efficiently than other designs under SBM. We have repeated the above pro-
cedure 100 times for all the four designs under all five models and estimated treat-
ment contrast (�̂A − �̂B) as shown by charts in the “Appendix”. Chart of cod(ab)4 
clearly shows that cod(ab)4 performs efficient under all the models as compared to 
the cod(ab)1-cod(ab)3.

3  The 5M Active Balanced Algorithm

In this section, we present a computer algorithm for search of optimal and/
or efficient ABCODs under the five models, namely, NCM, TSM, TBM, SSM 
and SBM. The algorithm involves making comparisons of variances of treat-
ment effects among ABCODs of a class for a given model. Several computer 
algorithms have been given in literature [8, 9, 15, 20] for search of optimal and/
or efficient CODs. The most common approach of these algorithms is that, they 
begin the search procedure with a ‘random’ design and attempt to improve it until 
it cannot be improved by applying further steps. Our computer search algorithm 
starts from a trivial possibility and proceeds systematically up to the last pos-
sibility, and provides globally optimum ABCOD by comparing every possible 
ABCOD of a specified class and model. Since, the algorithm makes an exhaustive 
search and returns optimal and/or efficient ABCODs for one or more of the five 
models, the programming was challenging. A broad outline of the 5M active bal-
anced algorithm is given below. 

Table 3  Simulated data for the cod(ab)4 under SBM

Period Seq Data Seq Data Seq Data Seq Data Seq Data

1 A 14.4417 A 11.9743 B 11.3011 B 11.6992 P 11.5169
2 B 14.6886 P 13.0913 A 19.6076 P 16.2696 P 14.9797
3 B 17.4300 B 13.7901 A 15.8822 A 16.4943 P 15.5530
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 (i) Set variance V(m) = a high value (say, 99), for all models numbered 
m = 1,… , 5 . Set parameters t, p and n.

 (ii) Generate all possible treatment sequences of t treatments in p periods.
 (iii) Generate a cross-over design d by considering n treatment sequences arbitrar-

ily from those obtained in step (ii) including replications of the sequences.
 (iv) Perform an equal replication check for the generated design that is, (np)/t 

occurrence of each treatment. If all the treatments are not equally replicated 
then return to step (iii).

 (v) Perform the balanced occurrence check for active treatments in each period 
that is, equal occurrence of each active treatment in each period. If the active 
treatments are not equally replicated in each period then return to step (iii).

 (vi) Perform the pair wise balanced occurrence of active treatments in two succes-
sive periods that is, each ordered pair of mixed active treatments, pair with self 
of active treatments, and mixed pair of active treatment and placebo are given 
to a constant number of units. If this condition is not satisfied then return to 
step (iii).

 (vii) Under NCM, TSM, TBM, SSM and SBM indexed, respectively m = 1, 2,… , 5 . 

(a) Perform the connectedness check for the design d, that is, calculate the rank 
of the design information matrix (Cd) under model m. If it is not connected, 
that is, rank of Cd is less than t − 1 , then skip the next step and consider next 
model.

(b) Perform least variance check, that is, compute V(d, m) which is variance 
of the least squares estimator of treatment contrast ( �A − �B for two active 
treatments A and B) under model m. If (V(d, m) >= 0 & V(d, m) < V(m)) 
then store V(m) = V(d, m) and optimaldesign(m) = d.

 (viii) Finally, store the design with variance V(d, m) and ranks of the design matrix 
under NCM, TSM, TBM, SSM and SBM, provided that the design is con-
nected in all five models.

 (ix) Repeat (iii) to (viii) for all possible combinations of n treatment sequences.

This algorithm produces optimal ABCODs under each model along with their 
variances and ranks. All of this is stored in a spreadsheet for at a glance view of 
design statistics for optimal and/or efficient ABCODs under given model. Note 
that, the ABCODs optimal under NCM, TSM, TBM, SSM and SBM are stored 
respectively as the last five designs in the spreadsheet. A flowchart to present how 
the algorithm works is shown in “Appendix”.

3.1  Working of the 5M Active Balanced Algorithm

Consider an experimental situation where t = 3 , p = 3 , n = 4 . Let the two 
active treatments be denoted by 1, 2 and placebo denoted by 3. Step (i) is set 
V(m) = 99, m = 1, 2,… , 5 . Step (ii) generates all the possible sequences. Step (iii) 
generates a design say, {111, 111, 111, 111}. As per step (iv) treatment 2 is not 
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equally replicated as treatment 1 and 3, and hence, the algorithm returns to step (iii) 
and generates a second design say, {111, 111, 111, 112}. Again the algorithm shall 
return to step (iii) and generates designs, say, {111, 111, 111, 113}, {111, 111, 111, 
121}, … , {111, 122, 223, 333}. Now algorithm moves to step (v) but all the active 
treatments are not equally replicated in each period and hence the algorithm returns 
to step (iii) and generates the other designs, say, {111, 122, 231, 231}, {111, 122, 
231, 232}, … , {111, 122, 233, 233}. Now algorithm moves to step (vi) but the treat-
ments are not active balanced in terms of carry-over and hence, algorithm returns to 
step(iii) and generates the other designs {111, 122, 233, 311}, … , {111, 222, 331, 
332}. Now this design satisfies the condition of steps (iv)-(vi). Hence, in step (viia), 
rank of Cd under NCM is calculated. Here the rank of the design matrix is three, 
which implies that the design is connected. In step (viib) variance of the least squares 
estimator of treatment contrast ( �1 − �2 ) under NCM is calculated. Also, variance of 
the least squares estimator of treatment contrast ( �1 − �2 ) is less than the set variance 
V(1). Hence, the algorithm stores design {111, 222, 331, 332} as the optimal design 
along with its variance for treatment comparison. Similarly, the algorithm calculates 
Cd and variances of the least squares estimator of treatment contrast ( �1 − �2 ) under 
TSM, TBM, SSM and SBM one by one according to step (vii). Under all the other 
four models, the design is connected and hence algorithm stores design {111, 222, 
331, 332} as the optimal design along with its variance under TSM, TBM, SSM and 
SBM. Also, this design is connected in all five models, hence the algorithm stores 
this design as design number 1 with its variance and rank. According to step (ix), the 
algorithm returns to step (iii) and generates other designs {111, 222, 331, 333}, … , 
{112, 133, 221, 233}. Since this latest design yields a smaller variance of treatment 
contrast under all five models, hence this design is stored as optimal under all five 
models. Also, this design is connected in all five models. Hence this design is stored 
as design number 2 with its variance and rank. Similarly, the algorithm repeatedly 
works for other sequence combinations. Finally, the algorithm generates a spread-
sheet having three sheets named as var, rank and design respectively, showing the 
variances of treatment contrast, the ranks of Cd matrix and the CODs, stored by the 
5M active balanced algorithm.

4  Optimal and/or Efficient Active Balanced CODs

A COD in two active treatments and one placebo having three periods is given by 
some of these twenty seven treatment sequences AAA, BAA, PAA, ABA, BBA, 
PBA, APA, BPA, PPA, AAB, BAB, PAB, ABB, BBB, PBB, APB, BPB, PPB, AAP, 
BAP, PAP, ABP, BBP, PBP, APP, BPP and PPP. Due to increased options as com-
pared to two treatments CODs, better and new optimal designs are obtained for two 
treatments comparison. Variance of treatment contrasts are estimable under all mod-
els for all classes that is, according to desirable number of experimental units. Also, 
now there are more options for designs. Before defining such a COD, let us consider 
a practical situation reported by [19] for a single center data from a multi-center 
trial, where such types of CODs are used. Here, an experimenter want to compare 
and establish the protective effect of a single dose of an experimental treatment, a 
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12 mg formoterol solution aerosol (say, treatment A), with that of a standard ther-
apy, 100 mg salbutamol suspension aerosol (say, treatment B), and a placebo (say, 
treatment P) optimally, in patients suffering from exercise-induced asthma. A three 
periods three treatments double-blind crossover trial is used by giving the treatment 
sequences to patients and values of forced expiratory volume in one second (FEV1) 
after an exercise is measured.

For the above cross-over trial, any of the following three periods CODs would 
be useful according to the availability of experimental units and choice of the 
carry-over model. Naturally, an experimenter would prefer a design which is opti-
mal under the most speculated carry-over model and simultaneously efficient under 
the possible models. For example, if experimenter have five patients of asthma, he 
should use the cod(ab)11{ABB,APB,BAA,BPA,PPP} shown in Table  4, because, 
this design is optimal and efficient for class COD(2 + 1, 5, 3) . A suitable design 
could be a two treatments COD(2, n, p) design or a two treatments with one pla-
cebo COD(2 + 1, n, p) design. Note that, the former type requires an even number of 
experimental units, while the latter type is available in arbitrary number of experi-
mental units. We know that, even and odd numbers occur consequently, if n is even, 
n − 1 is odd and vice-versa. To get an complete advantage of both types of CODs, 
the class of designs in n experimental units are compared within and across the class 
of designs in n − 1 experimental units. Therefore, both types of designs are evalu-
ated and tabulated as belonging to common classes. A class is determined by the 
number of experimental units needed by an experiment. Table 4 restricts classes of 
designs up to thirteen experimental units, but more classes can be obtained using the 
5M active balanced algorithm.

4.1  Optimal Cross‑Over Design Under NCM,TSM and TBM

Although CODs in two treatments are optimal under NCM, TSM and TBM, they are 
not available for odd number of experimental units 5, 7, 9 and so on. However, com-
parison across two treatments and one placebo designs in odd number of experimen-
tal units show that, the two treatments designs having even numbers of units still per-
forms better, as result of having a lower variance of treatment contrast under NCM, 
TSM and TBM. Across COD(2, n − 1, 3) and COD(2 + 1, n, 3) , for n = 5, 7 , each 
of the two treatments cod(ab)9{2ABB, 2BAA} and cod(ab)15{3ABB, 3BAA} are 
optimal under NCM, TSM and TBM. However, both the designs are unable to esti-
mate treatment contrast under SSM and SBM. Similarly, each two treatment cross-
over design, cod(ab)35{AAB, 4ABB, 4BAA, BBA} and cod(ab)45{AAB, 5ABB, 
5BAA, BBA} are optimal under NCM, TSM and TBM for class COD(2 + 1, 11, 3) 
and COD(2 + 1, 13, 3) , respectively.

4.2  Optimal Cross‑Over Designs Under SSM

For every class, optimal ABCODs under SBM are not necessarily optimal under 
SSM. The designs are now evaluated assuming that the experimenter is sure about 
the model as SSM. Among designs in four experimental units, the active balanced 
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Table 4  Optimal and/or efficient active balanced cross-over design for classes COD(2 + 1, 4, 3) to 
COD(2 + 1, 13, 3)

Serial no. Design n NCM TSM TBM SSM SBM

1 AAB,ABB,BBA,BAA 4 100 97 97 99 31
2 ABA,ABB,BAB,BAA 4 100 81 81 72 33
3 2ABB,2BAA 4 100 100 100 – –
4 2ABA,2BAB 4 100 25 25 38 41
5 APA,BAB,PBP 3 38 16 12 24 19
6 APB,BPA,PAB,PBA 4 75 66 61 100∗ 100@

7 ABB,BAA,PAP,PBP 4 63 62 62 61 35

8 AAB,ABB,BBA,BAA 4 100 97 97 92 31
9 2ABB,2BAA 4 100 100 100 – –
10 APB,BPA,PAB,PBA 4 75 66 61 93 100@

11 ABB,APB,BAA,BPA,PPP 5 88 88 88 100∗ 97

12 AAB,ABA,ABB,BBA,BAB,BAA 6 100 81 81 78 39
13 AAB,2ABB,BBA,2BAA 6 100 99 99 96 22
14 ABA,2ABB,BAB,2BAA 6 100 92 92 100 24
15 3ABB,3BAA 6 100 100 100 – –
16 ABP,BPA,PAB,APB,BAP,PBA 6 75 63 60 90 88
17 AAB,ABP,APB,BAP,BBA,BPA,PPP 7 83 74 73 95 87
18 ABB,ABP,APB,BAA,BAP,BPA,PPP 7 83 81 81 97 87
19 ABA,2APB,BAB,2BPA,PPP 7 83 70 68 100∗ 100@

20 2AAB,2ABB,2BAA,2BBA 8 100 97 97 77 35
21 AAB,ABA,2ABB,2BAA,BAB,BBA 8 100 90 90 70 56
22 AAB,3ABB,3BAA,BBA 8 100 99 99 100 25
23 4ABB,4BAA 8 100 100 100 – –
24 2APB,2BPA,2PAB,2PBA 8 75 66 61 77 100@

25 ABA,ABP,APB,BAP,BPA,BPB,PAB,PAP,PBA 9 60 44 42 65 69
26 2ABB,APB,2BAA,BPA,PAP,PBP,PPP 9 60 60 60 70 54
27 2ABB,APB,BAA,BAP,BPA,PAA,PBP,PPP 9 58 58 57 71 61
28 AAB,ABB,APB,BAA,BBA,BPA,PAP,PBP,PPP 9 60 59 58 71 57
29 ABB,ABP,APB,BAA,BAP,BPA,PAA,PBB,PPP 9 55 55 55 66 68
30 AAB,4ABB,4BAA,BBA 10 100 100 100 94 20
31 2AAB,3ABB,3BAA,2BBA 10 100 99 99 100 43
32 AAA,2ABA,2ABB,2BAA,2BAB,BBB 10 80 66 66 66 61
33 ABP,2APB,BAP,2BPA,2PAB,2PBA 10 75 65 61 95 100@

34 2ABB,2APB,2BAA,2BPA,2PPP 10 70 70 70 84 78

35 AAB,4ABB,4BAA,BBA 10 100 100 100 89 18
36 2AAB,3ABB,3BAA,2BBA 10 100 99 99 95 40
37 AAA,2ABA,2ABB,2BAA,2BAB,BBB 10 80 66 66 62 56
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cod(ab)6{APB, BPA, PAB, PBA} has lesser variance of treatment contrast under 
SSM, than the two treatments cod(ab)1{AAB, ABB, BBA, BAA}. In the class of 
five experimental units COD(2 + 1, 5, 3) , the cod(ab)11{ABB, APB, BAA, BPA, 
PPP} is more optimal than ABCOD of four experimental units, cod(ab)10{APB, 
BPA, PAB, PBA}, as well as, the two treatments cod(ab)8{AAB, ABB, BBA, 
BAA} under SSM. Similarly, cod(ab)19{ABA, 2APB, BAB, 2BPA, PPP}, 
cod(ab)41{ABP, 3APB, 2BAB, 2BPA, PBA, 2PPA} and cod(ab)49{ABB, 3APB, 
BAA, 3BPA, 2PAB, 2PBA, PPP} is more optimal than the ABCOD having the same 
number of experimental units, as well as, the two treatments COD in even (preceding 
the odd) number of experimental units under SSM for the classes COD(2 + 1, 7, 3) , 
COD(2 + 1, 11, 3) and COD(2 + 1, 13, 3) , respectively. However, the two treatments 
COD remains optimal in case of even number of experimental units except four. 
Each two treatments cod(ab)22{AAB, 3ABB, 3BAA, BBA} and cod(ab)31{2AAB, 
3ABB, 3BAA, 2BBA} is more optimal than ABCOD under SSM respectively for 
the classes COD(2 + 1, 8, 3) and COD(2 + 1, 10, 3).

4.3  Optimal Cross‑Over Designs Under SBM

Two treatments and one placebo designs have filled the gap of unavailability of opti-
mal CODs under SBM for the cases of n = 3, 9, 15 and so on, as discussed in [5]. 
However, this does not include some cases as n = 5, 7, 11, 13 . When these cases 
occur, statisticians generally exclude one experimental unit to use an optimal COD 

Table 4  (continued)

Serial no. Design n NCM TSM TBM SSM SBM

38 ABP,2APB,BAP,2BPA,2PAB,2PBA 10 75 65 61 91 92
39 2ABB,2APB,2BAA,2BPA,2PPP 10 70 70 70 80 72
40 ABB,ABP,2APB,BAA,BAP,2BPA,PAB,PBA,PPP 11 80 76 75 97 92
41 ABP,3APB,2BAB,2BPA,PBA,2PPA 11 76 71 60 100∗ 86
42 ABA,3APB,BAB,BPA,2BPA,PAB,PBA,PPP 11 80 69 66 97 100@

43 2AAB,ABA,3ABB,3BAA,BAB,2BBA 12 100 93 93 89 59
44 2AAB,4ABB,4BAA,2BBA 12 100 99 99 96 25
45 AAB,5ABB,5BAA,BBA 12 100 100 100 86 21
46 3AAB,3ABA,3BAB,3BBA 12 100 50 50 43 64
47 ABB,ABP,2APB,2BAA,BBA,BPA,PAB,PAP,PBP

,PPP
12 69 67 66 78 63

48 2ABP,2APB,2BAP,2BPA,2PAB,2PBA 12 75 63 60 90 94
49 ABB,3APB,BAA,3BPA,2PAB,2PBA,PPP 13 79 76 75 100∗ 94
50 ABA,ABP,3APB,BAB,BAP,3BPA,PAB,PBA,PPP 13 79 67 64 95 100@

Designs in bold denote new optimal and/or efficient ABCOD to class having n number of experimental 
units
∗New optimal ABCOD under new defined model SSM
@New optimal ABCOD under SBM
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in an even number of experimental units. Now there is no need to lose informa-
tion, because ABCODs are available in given number of experimental units which 
are optimal under SBM. In the class COD(2 + 1, 5, 3) , cod(ab)10{APB, BPA, 
PAB, PBA} is optimal under SBM. When the availability of experimental units is 
seven, cod(ab)19{ABA, 2APB, BAB, 2BPA, PPP} is optimal and hence, useful 
under SBM. Similarly, in case of classes COD(2 + 1, 11, 3) and COD(2 + 1, 13, 3) , 
respectively the cod(ab)42{ABA, 3APB, BAB, BPA, 2BPA, PAB, PBA, PPP} 
and cod(ab)50{ABA, ABP, 3APB, BAB, BAP, 3BPA, PAB, PBA, PPP} are opti-
mal under SBM. In addition to the above cases, ABCODs are also more opti-
mal than the two treatments CODs. For example, variance of treatment contrast 
for cod(ab)4{2ABA, 2BAB} is 1.5, while that for cod(ab)6{APB, BPA, PAB, 
PBA} is 0.6154, which resulted in gain of 59% . Hence, active balanced cod(ab)6 
is optimal under SBM for the class COD(2 + 1, 4, 3) . Similarly, active balanced 
cod(ab)24{2APB, 2BPA, 2PAB, 2PBA} is more optimal than the two treatments 
cod(ab)21{AAB, ABA, 2ABB, 2BAA, BAB, BBA} and, cod(ab)33{ABP, 2APB, 
BAP, 2BPA, 2PAB, 2PBA} is more optimal than the cod(ab)32{AAA, 2ABA, 
2ABB, 2BAA, 2BAB, BBB} for the classes COD(2 + 1, 8, 3) and COD(2 + 1, 10, 3) ,  
respectively. Further, cod(ab)33 is optimal under SBM than COD of [10] design 
(denoted as K), as well as [9] designs (denoted as J1 and J2) as shown in Table 5.

4.4  Efficient Cross‑Over Designs Under NCM, TSM, TBM, SSM and SBM

From [2] and [5], it is clear that inclusion of placebo as an additional treatment 
not only improves the efficiency of active treatments comparison considerably, 
but also provides an additional benefit in the analysis. We evaluate optimal and/
or efficient ABCODs in comparison to the two treatments CODs of [5], and the 
two treatments and one placebo CODs of [6]. For example, cod(ab)6 has the least 
variance for treatment contrast under SSM and SBM. This design is now optimal 
under both SSM and SBM; incidentally it is also efficient under the remaining 
three models. Hence, in the class COD(2 + 1, 4, 3) , now cod(ab)6 is more optimal 
and efficient than the cross-over design {2ABA, 2BAB} recommended by FDA 
[4] for bioavailability/bioequivalence study, the cross-over design {ABA, ABB, 

Table 5  Efficiency of [10] and [9] cross-over design comparable to our cross-over design of Table 4 for 
class COD(2 + 1, 10, 3)

Serial no. Design n NCM TSM TBM SSM SBM

cod(ab)30 AAB,4ABB,4BAA,BBA 10 100 100 100 94 20
cod(ab)31 2AAB,3ABB,3BAA,2BBA 10 100 99 99 100 43
cod(ab)32 AAA,2ABA,2ABB,2BAA,2BAB,BBB 10 80 66 66 66 61
cod(ab)33 ABP,2APB,BAP,2BPA,2PAB,2PBA 10 75 65 61 95 100
cod(ab)34 2ABB,2APB,2BAA,2BPA,2PPP 10 70 70 70 84 78
K 3ABB,3BAA,APP,PAA,BPP,PBB 10 70 70 70 42 35
J1 PAB,BAP,2PBA,3ABP,BPA,2BAB 10 80 49 46 72 75
J2 PAB,BAP,PBA,ABP,BAA,ABB,2ABA,2BAB 10 90 61 59 73 56
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BAB, BAA} of [7], as well as the three experimental units cod(ab)5{APA, BAB, 
PBP} of [6]. In the class COD(2 + 1, 5, 3) , two designs perform well, specifically 
speaking, when an experimenter originally was interested in the ensilability of 
SSM, then he should use cod(ab)11{ABB, APB, BAA, BPA, PPP}, because it 
is optimal under SSM and has an efficiency of more than 87% under other four 
models. Otherwise, it is be better to use cod(ab)10, because it is optimal under 
SBM and efficient under the remaining models. In the class COD(2 + 1, 7, 3) , 
cod(ab)18{ABB, ABP, APB, BAA, BAP, BPA, PPP} is more efficient than 
cod(ab)19{ABA, 2APB, BAB, 2BPA, PPP}, because this design has more than 
80% efficiency in all five models, while the latter is optimal under SSM and SBM 
but has 83% , 70% and 68% efficiency under NCM, TSM and TBM, respectively. In 
the class COD(2 + 1, 8, 3) , cod(ab)21 is optimal under NCM and efficient under 
TSM, TBM and SSM but has poor efficiency of 56% under SBM, whereas active 
balanced cod(ab)24{2APB, 2BPA, 2PAB, 2PBA} has an efficiency of more than 
60% in all five models. In the class COD(2 + 1, 10, 3) , cod(ab)33{ABP, 2APB, 
BAP, 2BPA, 2PAB, 2PBA} and cod(ab)34{2ABB, 2APB, 2BAA, 2BPA, 2PPP} 
are efficient under all five models, with the former design being optimal under 
SBM and the latter being not optimal under any models, but has an efficiency 
of 70% and higher in all five models. Further, active balanced cod(p)33 is opti-
mal under SBM and cod(p)34 is more efficient under all carry-over models than 
that of COD of [10] (denoted as K) and [9] (denoted as J1 and J2), as shown 
in Table 5. In class COD(2 + 1, 11, 3) , although a number of choices of designs 
are available, the three designs cod(ab)40{ABB, ABP, 2APB, BAA, BAP, 2BPA, 
PAB, PBA, PPP}, cod(ab)41{ABP, 3APB, 2BAB, 2BPA, PBA, 2PPA} and 
cod(ab)42{ABA, 3APB, BAB, BPA, 2BPA, PAB, PBA, PPP}, give efficient esti-
mations of treatment contrast under all five models. cod(ab)42 is optimal under 
SBM, cod(ab)41 is optimal under SSM and cod(p)40 has an efficiency of more 
than 74% in all five models. Similarly, in class COD(2 + 1, 13, 3) , two designs, 
cod(ab)49{ABB, 3APB, BAA, 3BPA, 2PAB, 2PBA, PPP} and cod(ab)50{ABA, 
ABP, 3APB, BAB, BAP, 3BPA, PAB, PBA, PPP} are efficient under all five mod-
els. However, cod(ab)49 is more efficient, because it is optimal under SSM with 
an efficiency of 75% and higher in the other four models, whereas cod(ab)50 is 
optimal under SBM with an efficiency of more than 63% in other models.

5  Conclusion

A new class of cross-over designs is introduced, called active balanced, which facil-
itate the experimenter to use cross-over designs even when the availability of the 
experimental units is a prime number. Through the 5M active balanced algorithm, 
the experimenter can generate an optimal active balanced cross-over design in three 
periods for any number of experimental units. It is advisable to use these designs 
instead of the balanced two treatments designs in two experimental situations: when 
the model under consideration is a self and mixed carry-over model and when the 
idea about nature of carry-over is vague.
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Abstract 
From establishment of 1st bank i.e. Bank of Hindustan in 1770 to 2021 there is huge changes had been seen in the 
banking sector in India. In 1935 a central bank was established with name Reserve Bank of India. India’s banking 
sector is sufficiently capitalised and well-regulated. The financial and economic conditions in the country are far 
superior to any other country in the world. The Indian banking system is well structured and divided into two 
parts namely banks and financial institutions. Very huge growth has been seen in banking deposits, credits, 
interest income, other income and banking assets in last 5 years from FY16 to FY22. Government Policies plays 
vital role in development of banking sector in India. Digitalization of banking transactions also increases through 
digital India. Different schemes like Pradhanmantri Jan Dhan Yojana, Atal Pension Yojana, Pradhan Mantri 
Suraksha Bima Yojana, Pradhan Mantri Jeevan Jyoti Bima Yojana, Capital Infusion scheme are well structured and 
very well famous among people of India. It gives boost up to banking sector in India. 
 
Key words: RBI, banking deposits, banking credits, banking assets, Pradhanmantri Jan Dhan Yojana, Atal Pension 
Yojana, Pradhan Mantri Suraksha Bima Yojana 
 

INTRODUCTION 
 
Modern banking in India originated in the mid of 18th century. Among the first banks were the Bank of 
Hindustan, which was established in 1770 and liquidated in 1829–32; and the General Bank of India, 
established in 1786 but failed in 1791.1 
In India, the largest and the oldest bank which is still in existence is the State Bank of India (SBI). It originated 
and started working as the Bank of Calcutta in mid-June 1806. In 1809, it was renamed as the Bank of Bengal. 
This was one of the three banks founded by a presidency government; the other two were the Bank of 
Bombay in 1840 and the Bank of Madras in 1843. The three banks were merged in 1921 to form the Imperial 
Bank of India, which upon India's independence, became the State Bank of India in 1955. For many years, the 
presidency banks had acted as quasi-central banks, as did their successors, until the Reserve Bank of India2 was 
established in 1935, under the Reserve Bank of India Act, 1934.  
As per the Reserve Bank of India (RBI), India’s banking sector is sufficiently capitalised and well-regulated. The 
financial and economic conditions in the country are far superior to any other country in the world. Credit, 
market and liquidity risk studies suggest that Indian banks are generally resilient and have withstood the 
global downturn well. 
Indian banking industry has recently witnessed the roll out of innovative banking models like payments and 
small finance banks. RBI’s new measures may go a long way in helping the restructuring of the domestic 
banking industry. 
The digital payments system in India has evolved the most among 25 countries with India’s Immediate 
Payment Service (IMPS) being the only system at level five in the Faster Payments Innovation Index (FPII).* 
* according to an FIS report, Micro finances Institution Network 
 

THE STRUCTURE OF INDIAN BANKING SECTOR 
 
The Indian banking system is well structured under the Reserve Bank of India. It is mainly divided in two parts 
i.e. Banks and Financial Institutions. Banks are sub-divided into two parts i.e. Scheduled Commercial Banks and 
Cooperative Credit Institutions while Financial Institutions are sub-divided into three parts i.e. All India 
Financial Institutions, State level Institutions and other Institutions. 
Classification of Banks 
Bank No. of Banks 
Public Sector Banks 12 
Private Sector Banks 22 
Foreign Banks 46 
Regional Rural Banks 56 
Urban Cooperative Banks 1485 
Rural Cooperative Banks 96000 
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https://en.wikipedia.org/wiki/Bank_of_Hindustan
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https://en.wikipedia.org/wiki/Imperial_Bank_of_India
https://en.wikipedia.org/wiki/Imperial_Bank_of_India
https://en.wikipedia.org/wiki/State_Bank_of_India
https://en.wikipedia.org/wiki/Reserve_Bank_of_India
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 The Indian banking system consists of 12 public sector banks, 22 private sector banks, 46 foreign 
banks, 56 regional rural banks, 1485 urban cooperative banks and 96,000 rural cooperative banks in addition 
to cooperative credit institutions. 
 

DEVELOPMENT OF INDIAN BANKING SECTOR 
 
In India, there is a huge development has been seen in bank deposits, bank credits, interest income and other 
income as well as in banking assets in last decade.    
A. Growth in Bank Deposits: 

 
Source: Reserve Bank of India (RBI) 
From the above graphical presentation we can sort out the following important points. 
➢ Strong growth in savings amid rising disposable income levels are the major factors influencing 
deposit growth. 
➢ Access to banking system has also improved over the years due to persistent effort from Government 
to promote banking technology and promote expansion in unbanked and non-metropolitan regions. 
➢ At the same time, India’s banking sector has remained stable despite global upheavals, thereby 
retaining public confidence over the years. 
➢ According to RBI, the performance of Indian banking sector improved in FY20, as lenders reported a 
profit on an aggregate basis after two years of losses.  
➢ According to the RBI, bank deposits stood at Rs. 157.12 trillion (US$ 2.10 trillion) as of October 22, 
2021. 
➢ CAGR until October 22, 2021 is 12.38%. 
➢ Opportunity: 
Significant growth possible in private sector lending as credit disbursal by private sector banks is expected to 
increase. 
 
B. Growth in Bank Credits: 

 
Source: Reserve Bank of India (RBI) 
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➢ Credit off-take has been surging ahead over the past decade, aided by strong economic growth, rising 
disposable incomes, increasing consumerism and easier access to credit. 
➢ During FY16-FY21, bank credit increased at a CAGR of 0.29%. As of FY21, total credit extended surged 
to US$ 1,487.60 billion. 
➢ Demand has grown for both corporate and retail loans. Services, real estate, consumer durables and 
agriculture allied sectors have led the growth in credit. 
➢ In August 2021, Barclays announced investment of Rs. 30 billion (US$ 403.99 million) in India to 
expand its operations. 
➢ In August 2021, RBI developed Financial Inclusion Index (FI-Index) to measure the level of financial 
inclusion across the country. The FI-Index increased from 43.4 in FY17 to 53.9 in FY21. 
➢  In FY21, bank credit grew 5.56% and deposits by 11.4%. 
➢ According to the RBI, bank credit stood at Rs. 110.46 trillion (US$ 1.47 trillion) as of October 22, 2021. 
➢ As of October 22, 2021, credit to non-food industries stood at Rs. 109.82 trillion (US$ 1.46 trillion). 
➢ CAGR until October 22, 2021 is 0.29%. 
 
C. Trend in Interest Income: 

 
Source: Indian Bank’s Association 
➢ Interest Income of Public Sector banks reached US$ 96.60 billion in FY21 which shows decrease in 
interest income in comparison of FY18, FY19 and FY20 which is 102.50, 98.00 and 101.60 US$ billion 
respectively. 
➢ Interest Income of Private Sector banks reached 61.70 US$ billion in FY21 which is decrease in 
comparison of 63.60 US$ billion in FY20 while increase in comparison of FY18 and FY19 47.40 and 56.30 US$ 
billion respectively. 
 
D. Growth in Other Income: 

 
Source: Indian Bank’s Association 
➢ Other Income of Public Sector banks stood at US$ 17.05 billion in FY21 which shows increase in other 
income in comparison of FY18, FY19 and FY20 which is 16.42, 13.45 and 16.76 US$ billion respectively. 
➢ Other Income of Private Sector banks reached 12.87 US$ billion in FY21 which is decrease in 
comparison of 13.81 US$ billion in FY20 while increase in comparison of FY18 and FY19 10.37 and 10.51 US$ 
billion respectively. 
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E. Growth in Bank Assets:  

 
Source: Indian Bank’s Association 
➢ In FY18-FY21, bank assets across sectors increase. Total assets across the banking sector increased to 
US$ 2.48 trillion in FY21. 
➢ In FY21, total assets in the public and private banking sectors were US$ 1602.65 billion and US$ 
878.56 billion respectively which is increase in comparison to FY18 it was US$ 1557.00 billion and US$ 721.34 
billion respectively. 
➢ In FY21, assets of public sector banks accounted for 64.59% of the total banking assets. 
 
• Growth Drivers of Indian Banking Sector: 
1. Economic and Demographic drivers: 
▪ It is favourable demographics and rising Income levels. 
▪ India ranks among top 7 economies with a GDP of US$ 2.73 trillion in 2018. 
▪ The sector will benefit from structural economic stability and continued credibility of Monetary Policy. 
 
  
2. Policy Support: 
▪ The Government of India passed the Banking Regulation (Amendment) Bill 2017 to empower RBI to 
deal with NPAs in the banking sector. 
▪ The Insolvency and Bankruptcy Code (Amendment) Ordinance, 2017 Bill was passed by the Rajya 
Sabha to give strength to the banking sector (as of Jan 2018).  
3. Infrastructure Financing: 
▪ India currently spends 6% of GDP on infrastructure. NITI Aayog expects this percentage to grow going 
ahead. 
▪ As per the Union Budget 2019-20, Investment-driven growth requires access to low-cost capital, 
which requires an investment of Rs. 20 lakh crores (US$ 300 billion) every year. 
4. Open banking Eco-system: 
▪ The open banking eco-system in India has now grown to include Non-Banking Financial Company 
(NBFC) and other fintech players that have created partnerships within the banking system. 
▪ In 2003 Kotak Mahindra Finance Ltd. received a banking license from RBI and became the first NBFC 
to be converted into a bank. 
5. Cross-border Payments: 
▪ Visa Inc. has sought RBI’s permission to offer a new cross-border payments system to process trade 
flows to and from India. It will be offering a potentially cheaper, quicker and block chain based solution now on 
trial. 
6. Government Initiatives: 
▪ The Government has smoothly carried out consolidation, reducing the number of public sector banks 
by eight. 
▪ The Government of India will invest Rs. 48,239 crore (US$ 6.78 billion) in 12 public sector banks in 
FY20 to help maintain regulatory capital requirements and financial growth in India. 
▪ The Government of India will invest Rs.5,042 crore (US$ 0.731 billion) in Bank of Baroda post its 
merger with two other public sector lenders, Dena Bank and Vijaya Bank. 
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▪ In November 2021, RBI launched the ‘RBI Retail Direct Scheme’ for retail investors to increase retail 
participation in government securities. 
▪ The RBI introduced new auto debit rules with a mandatory additional factor of authentication (AFA), 
effective from October 01, 2021, to improve the safety and security of card transactions, as part of its risk 
mitigation measures. 
▪ In September 2021, Central Banks of India and Singapore announced to link their digital payment 
systems by July 2022 to initiate instant and low-cost fund transfers. 
▪ In August 2021, Prime Minister Mr. Narendra Modi launched e-RUPI, a person and purpose-specific 
digital payment solution. e-RUPI is a QR code or SMS string-based e-voucher that is sent to the beneficiary’s cell 
phone. Users of this one-time payment mechanism will be able to redeem the voucher at the service provider 
without the usage of a card, digital payments app, or internet banking access. 
▪ As per Union Budget 2021-22, the government will disinvest IDBI Bank and privatise two public 
sector banks. 
▪ The following schemes are implemented by Government: 
A. Pradhan Mantri Suraksha Bima Yojana: 
❖ This scheme is mainly for accidental death Insurance cover for up to Rs. 2 lakh. (US$ 2,983.29) 
❖ The premium amount is only Rs.12 (US$ 0.18) per annum. 
❖ Risk coverage for accidental death and full disability is Rs. 2 lakh and for partial disability is Rs. 1 lakh. 
❖ Gross enrolment under the scheme reached 154 million in FY19.  
B. Pradhan Mantri Jeevan Jyoti Bima Yojana: 
❖ This scheme aims to provide life insurance cover. 
❖ The premium amount is only Rs. 330 (US$ 4.92) per annum. It will be auto debited in one installment. 
❖ Risk coverage is Rs. 2 lakh (US$ 2,983.29) in case of death for any reason. 
❖ Gross enrolment under the scheme reached 59 million in FY19. 
C. Atal Pension Yojana: 
❖ Under the scheme, subscriber would receive fixed pension up to Rs. 5,000 (US$ 74.58) at the age of 60 
years (depending on their contribution) 
❖ During FY21 more than 79 lakh new subscribers joined the Atal Pension Yojana. 
❖ Totaling more than 3.02 crore enrolments as of March 31, 2021. 
 
D. Pradhan Mantri Jan Dhan Yojana: 
❖ AS of November 03, 2021 the number of bank accounts opened under the government’s flagship 
financial inclusion drive ‘Pradhan Mantri Jan Dhan Yojana (PMJDY) reached 43.81 crores. 
❖ Total deposits reached to more than Rs. 1.48 trillion (US$ 19.89 billion) in Jan Dhan accounts. 
❖ Under the scheme, each & every citizen will be enrolled in a bank for opening a Zero balance account. 
❖ Each person getting into this scheme will get Rs. 30,000 (US$ 447.49) life cover while opening the 
account. 
❖ Overdraft limit under such account is Rs. 5,000 (US$ 74.58). 
E. Capital Infusion Scheme: 
❖ The Finance Ministry announced its plan to infuse Rs. 14,500 crore (US$) as capital infusion in public 
sector banks in the fourth quarter of FY21. 
 

ROAD AHEAD 
 
Enhanced spending on infrastructure, speedy implementation of projects and continuation of reforms are 
expected to provide further impetus to growth in the banking sector. All these factors suggest that India’s 
banking sector is poised for a robust growth as rapidly growing businesses will turn to banks for their credit 
needs. 
Also, the advancement in technology has brought mobile and internet banking services to the fore. The banking 
sector is laying greater emphasis on providing improved services to their clients and upgrading their 
technology infrastructure to enhance customer’s overall experience as well as give banks a competitive edge. 
India’s digital lending stood at US$ 75 billion in FY18 and is estimated to reach US$ 1 trillion by FY23 driven by 
the five-fold increase in the digital disbursements. By 2025, India's fintech market is expected to reach Rs. 6.2 
trillion (US$ 83.48 billion). 
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Abstract  

Our cultural heritage has been presented on many different materials, including stone, 

vellum, bamboo, silk, paper and etc. these all materials for information storage had been 

found in physical medias. That time the attention had been focused only on preserving 

physical media. Now a day a variety of information exists in digital forms, including emails, 

blogs, social networking websites, national elections websites, web photo albums, etc.US 

Library of Congress, had reported(1998) that 44% of the sites available on the internet. It 

means technology help us to access the cultural heritage from storage of digital memory. 

However technology creates some opportunity as well as raise challenges also. Libraries and 

information professionals are now being challenged by new technology; Like multimedia, 

internet, www, and other virtual computer technology. The environmental, legal, ethical and 

technological challenges create some major issues to retrieve and preserve the digital 

information. So the responsibility of librarian and information technology professionals has 

been wider. The paramount need is to create a well-organized digital preservation strategy 

for modern library. The researchers have tried to define digital preservation of library 

resources. The present paper flew the light on the challenges of digital preservation and 

recommends the suitable strategy implement for digital preservation. They also focus on 

proposed model for strategic planning for digital preservation. 

Keywords:  

Preservation, Digital Preservation, Challenges- Ethical, Political, Economical, Technical and 

Legal, Strategy for digital preservation    , Proposed Model for Strategic Planning for Digital 

Preservation 

Introduction: 

 The rapid growing technology has paved a revolutionary change in Library & 

information technology. Day by day information has taken place from physical media to 

digitized form. So, it is essential to know how to prevent it. Information created, stored and 

access digitally is at risk for loss in two important ways; obsolescence and physical damage. 

Obsolescence can affect hardware, software and even the arrangement of the data in a stored 

file. Physical damage can occur to multiple components required to access digital 
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information, namely hardware and media. Digital preservation seeks to achieve longevity of 

the digital object with all its original properties intact. The issue of long term preservation of 

digital data has become a critical issue with many diverse groups and organisations 

recognizing the need to preserve digital documents before they fall victim to digital 

obsolescence.  

Scope of the paper 

This paper seeks to address what is digital preservation. It focuses issues related to digital 

preservation like; environmental, ethical and legal. The issues covered in three steps. The 

first step is an overview of the background to preserving digital resources that has developed 

in response to the concerns of digital and research libraries. The second step will assess the 

challenges and the third will consider recommended mechanisms for libraries to develop 

strategies that support the long term retention of digitised data. The researchers have 

discussed on proposed model for strategic planning for digital preservation. The paper also 

highlights some policy matters on digital preservation. Researchers also tried to provide some 

historical background on digital preservation. 

LITERATURE REVIEW  

Digital preservation means, “the process of maintaining in a condition suitable for use, 

materials produced in digital format.(veer, 2009).  

Digital preservation aims at taking steps to ensure the longevity of electronic 

documents. It applies to document that are either born digital and stored in online platform or 

CD/DVDs . it means digital preservation needs high range of strategic planning. There has 

been concern about preservation of primary research data and records in digital formats in the 

library community internationally as early as in the 1990s. In 1996 the Commission of 

Preservation and Access (CPA) and the Research Libraries Group (RLG) in the USA 
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published a joint report on Preserving digital information which identified problems, made 

recommendations and suggested areas for further research (Garrett et.al, 1996). In the UK, in 

November 1995, the Joint Information System Committee (JISC) of the Higher Education 

Funding Councils and the British Library addressed the question of the preservation of digital 

media by holding a national conference in Warwick, where a number of action points were 

identified (Fresco, 1996).  

Since then extensive studies and collaborative efforts on preservation of digital data 

and records were undertaken by the library, archival and publishing communities in the UK. 

The first study (Bennett, 1997) developed a framework of data types and formats, in order to 

indicate the likely problems, requirements and responsibilities appropriate to each category, 

and to identify the most appropriate method of preservation. 

The literature suggests that, within the Asia and Southeast Asian region, centralized 

data archives are yet to be established. 

CASE STUDIES HAVE BEEN CARRIED OUT ON DIGITAL 

PRESERVATION IN VARIOUS PALCES OF UNITED KINGDOM: 

DORSET HISTORY CENTRE 

This case study discuss A local governments archive service, and its use of Preservica Cloud 

Edition - a cloud-based digital preservation service. It explains the organisational context of 

the archive, the nature of its digital preservation requirements and approaches, its one year 

pilot project using Preservica Cloud Edition, the archive’s technical infrastructure, and the 

business case and funding for the pilot. It concludes with the key lessons they have learnt and 

future plans. 
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TATE GALLERY  

This case study discusses the experience of developing a shared digital archive for the Tate’s 

four physical locations (Liverpool, St. Ives, and two in London), powered by a commercial 

storage system from Arkivum. It explains the organisational context of the Gallery, the nature 

of their digital preservation requirements and approaches, and their rationale for selecting 

Arkivum’s on-premise solution, OSCAR (On-Site Cloud ARchive) in preference to cloud-

based offerings from Arkivum and others. It concludes with the key lessons learned, and 

discusses plans for future development. 

BODLEIAN LIBRARY, UNIVERSITY OF OXFORD  

This case study covers the Bodleian Library and the University of Oxford, and their provision 

of a “private cloud” local infrastructure for its digital collections including digitised books, 

images and multimedia, research data, and catalogues. It explains the organisational context, 

the nature of its digital preservation requirements and approaches, its storage services for 

research data, the technical infrastructure, and the business case and funding. It concludes 

with the key lessons they have learnt and future plans. 

THE PARLIAMENTARY ARCHIVES  

This case study covers the Parliamentary Archives and their experience of procuring via the 

G-Cloud framework and running public cloud storage as part of their digital preservation 

infrastructure. For extra resilience/an exit strategy they have selected two cloud service 

providers with different underlying storage infrastructures. The archive is not storing 

sensitive material in the cloud and is using local storage systems for that material. It has a 

locally installed preservation system (Preservica Enterprise Edition) which is integrated with 

cloud and local storage. As such it is an example of an archive using a hybrid set of storage 



6 | P a g e  
 

solutions part-public cloud and part-locally installed for digital preservation. 

ARCHIVES & RECORDS COUNCIL WALES DIGITAL PRESERVATION 

CONSORTIUM  

This case study discusses the experience of a cross-sectoral consortium of Welsh archives as 

they cooperated to pilot deployment of the open source Archivematica software with 

Microsoft’s Windows Azure public cloud service. It explains the organisational context of the 

consortium, the varied nature of their digital preservation requirements and approaches, and 

their experience with selecting, deploying and testing Archivematica in the cloud. It 

concludes with the key lessons they learned, and discusses current proposals to secure grant 

funding in order to move this pilot into operation. 

RESEARCH PROJECTS ON DIGITAL PRESERVATION  

Voutssas (2012) argued that initially digital preservation projects in the past tended to focus 

on the endurance of CD’s and DVD’s, tapes and other storage devices, and its artificial aging 

and how to keep them safely. However in the later part of the 20th century, the literature 

suggested that large amount of writings were focusing on the issues of philosophical 

underpinnings and technical aspects of digital preservation. 

Here researchers, have try to provide some past and present international projects list 

which was initiated in earlier on digital preservation, so the next generation would be 

benefited to be familiar with how the development has been made for digital preservation 

around the world. As mention below 

Table 1. Past and Present International Projects on Digital Preservation 

Research Projects  Year of Commencement  

Victorian E-Records Strategy (VERS)  1990s  
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Exemplars in Digital Archives (CEDARS)  1990s  

Creative Archiving at Michigan and Leeds: 

emulating the old on the new (CAMiLEON)  

1990s  

University of Pittsburg project  1990s  

University of Indiana project  1990s  

University of Yale project  1990s  

Preserving access to digital information 

(PADI)  

1998  

The Dutch Digitale Bewaring (Digital 

Preservation testbed) project  

2002  

Network Excellence on Digital Libraries 

(DELOS)  

2004-2007  

The Long-Term Preservation Metadata for E-

Records (LMER)  

2005  

Minnesota Historical Society  2005 - 2007  

Effective Strategic Model for the Preservation 

and Disposal of Institutional Digital Assets 

(ESPIDA)  

2005 - 2007  

Clever Recordkeeping Metadata Project 

(CRKM)  

2007  

Life-Cycle Information for E-Literature 

(LIFE)  

2007  

Investigating Significant Properties of 

Electronic Content (InSPECT) Project  

2007 - 2008  

Digital Archiving in Flemish Institutions and 2007/2008  
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Administrations (DAVID)  

Managing the Digital University Desktop 

(MDUD)  

2007/2008  

Co-operative Development of a Long-term 

Digital Information Archives (KOPAL)  

2007/2008  

Cultural, Artistic and Scientific Knowledge for 

Preservation, Access and Retrieval (CASPAR)  

2007/2008  

Securing a Hybrid Environment for Research 

Preservation and Access Development Partner 

(SHERPA DP2)  

2007/2008  

Repository for Preservation of Authentic 

Digital Records (RODA)  

2007/2008  

Service-Oriented Architecture for Preservation 

and Ingest of Digital objects (SOAPI)  

2007–2008  

Digital Repository Infrastructure Vision for 

European Research (DRIVER)  

2009  

Preservation E-print Services (PRESERV)  2009  

Exploring Collaborations to Harness Objects 

in a Digital Environment for Preservation 

(ECHO Depository)  

2009  

Data Preservation Alliance for the Social 

Science (Data-PASS)  

2009  

Preservation and Long-term Access through 

Networked Services (PLANETS)  

2009  

Metadata Encoding and Transmission 2009  
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Standard (METS)  

Image Spatial Data Analysis Group 

(ISDA/Ip2Learn)  

2009  

Digital Preservation Europe (DPE)  2009  

International Research Project on Permanent 

Authentic Records in Electronic Systems 

(InterPARES 1, 2 & 3)  

1996 - 2012  

InterPARES 4- Trust and Digital Records in 

an Increasingly Networked Society  

2013  

Source : Irwan Kamaruddin (2014)  

Definition of the terms:  

Digital preservation  

Digital preservation is the active safekeeping of digitally stored information. As a part of the 

formalized efforts of library and archival sciences, digital preservation includes the practices 

required to ensure that information is safe from medium failures as well as software and 

hardware obsolescence. 

Preservation 

Preservation includes all the managerial and financial considerations including storage and 

accommodation provisions, staffing levels, policies, techniques and methods involved in 

preserving library and archive materials and information contained in them. 

Challenges  

A challenge is something new and difficult which requires great effort and determination. 
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Strategies 

Strategic means relating to the most important, general aspects of something such as a 

military operation or political policy, especially when these are decided in advance. 

Why Worry About Digital Preservation? 

Society's heritage has been presented on many different materials, including stone, vellum, 

bamboo, silk, paper and etc. Now a large quantity of information exists in digital forms, 

including emails, blogs, social networking websites, national elections websites, web photo 

albums, and sites which change their content over time. However, technologies create some 

opportunity as well as raise some challenges also. Therefore the responsibility of librarian 

and information professional has become wider in terms of techno savvy person. The 

paramount need is to create a well-organized digital preservation strategy for modern library. 

What Is Digital Preservation? 

Morrow defined preservation as “The action taken to prevent, stop or retard deterioration” it 

means Digital preservation…refers to all of the actions required to maintain access to digital 

materials beyond the limits of media failure or technological change. In other words Digital 

preservation refers to the series of managed activities necessary to ensure continued access to 

digital materials for as long as necessary.  

What Digital PRESERVATION IS Not occur  

• Reformatting from print to digital for access surrogates or product line expansion 

• Back-up or byte storage on various media 

• Mirror sites or networks designed for reliable delivery 

• Carried out within delivery systems 

• Active content management designed to ensure enduring usability, authenticity and 

accessibility over the very long-term 
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Core Requirements for Digital Preservation 

Preservation of digital source is as important as collection development. So some key 

requirement needed for it. Following are the core requirement.  

• Third-party with an organizational mission to carry out preservation 

• A sustainable economic model able to support preservation activities over the targeted 

timeframe 

• Technological infrastructure able to support selected preservation strategy and best 

practices 

• Clear legal rights and relationships with content providers and (eventual) users 

• Compliance with digital preservation standards and best practices 

•   OAIS:  Open Archives Information Systems 

• TRAC:  Trustworthy Repositories Audit and Certification 

• DRAMBORA: Digital Repository Audit Method Based on Risk Assessment 

Aspects of Digital Preservation 

According to Graham (1997), digital preservation problems are associated with three distinct 

aspects which are mention below. 

• Medium preservation – the preservation of the physical media on which the bits and 

bytes of electronic information reside. 

• Technology preservation – refreshing of technologies from old to new as they become 

available. 

• Intellectual preservation – addressing the integrity and authenticity of the information 

as originally recorded. 
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Challenges of Digital Preservation  

“The root of the digital preservation problem is technological, but any proposed solution also 

needs to take an account of organizational and economic issues. Almost all kinds of digital 

information need to be interpreted by machines before they can become intelligible to 

humans.” 

Legal & Ethical Challenges 

(1) Digital preservation often occurs while materials are still under copyright – can we 

reproduce, reformat, or migrate these materials? 

(2) Many digital materials are obtained through license or subscription.  These materials 

are outside custody of institutions with mandate to preserve – how can one preserve 

something that he/she doesn’t really own? 

(3) Can we preserve Web sites hosted by others? 

Economic challenges 

(1) Large sums of money are invested in digitizing materials, and these digital assets need 

to be managed and preserved. 

(2) Digital preservation is costly.  

(3) Economic sustainability – Digital preservation is not an one-off, short-term operation.  

It’s a long-term obligation and continuous effort. 

Organizational Challenges 

Most of the challenges associated with digital preservation are organization – not technical, 

e.g.    

(1) Creators of digital information ≠Owners of server space 

(2) Supporting infrastructure 
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(3) Trusted and empowered organizations or repositories Certification process  

Technical Challenges 

(1) Improve cost efficiency and affordability 

(2) Under standing how to préserve High-volume rapidly changing content 

(3) Anticipation of future contextes of use  

(4) Standards – and support for inter operability 

Strategic planning  

“Strategic planning is a management activity often used by businesses to better focus their 

energy, establish priorities, and strengthen operations to achieve targeted goals.” 

Library have variety of resources which may needs to preserve or stored in digital format , so 

future generation can be utilize without any difficulty. As we know strategic planning is not a 

simple process. It is purely managerial activities. Here, researchers have tried to focus what 

strategies should be applied before and after digital preservation of library resources.   

Table : 1 Proposed Model for Strategic Planning for Digital Preservation 

Sr. 

No 

Input of thoughts Framing Activities Out put  

A Top management  

Librarian and Authority  

Technical structure  Final digitized product  

B Decision making on  

Tools to be used 

Financial assistance 

Technological  

Build repo with 

humans and 

technology 

Bibliographic data set  

C Allocation of resources 

Human  

Technology 

Test trial version Institutional repository  
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Co-ordination   

Evaluation  

D Develop alternate 

solution  

Team work  High Satisfaction  

 

Figure 1. Proposed Model for Strategic Planning for Digital Preservation 

Dr. S.R. Ranganathan’s philosophy for classification works on three basic principles. The 

Idea Level, The verbal level and the Notational level. According to Dr. Ranganathan’s 

philosophy human mind is the place of origin of ideas. The creators of ideas need self –

communication within the mind in order to create more ideas. Language is the medium for 

communication of ideas. Written language made communication even more widespread then 

spoken language. This philosophy is rich in its content and leads towards more practical 

solution in today’s era in a scientific way. As a professional when we frame the work 

situations according to these principle its look like  

 

Idea plane   Verbal plane    Notational plane 
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Input of thoughts Framing Activities  Output of product 

 

Idea level planning: Input of thoughts 

Let’s discuss all in brief 

Top Management (Librarian and Authority) 

The vision, mission and goals of every institute or library have its own. The main function of 

library is to serve society information timely and take possible steps to conserve resources for 

future references. Here librarian’s moral duty is to assure guarantee for preservation of 

documentary and non-documentary sources to easy access of future generation. As we know, 

Library is a social institution and dedicated to knowledge dissemination for providing better 

human civilization to society. Here, one question arise that, who is responsible for 

preservation of library resources? The answer is everybody is responsible for conserving and 

preserving the library resources who are directly or indirectly users of library resources or an 

employee of library or institutions. As an authority of the institution or library the director, 

HR person and an employees of this institution the all are responsible for enhancing library 

services. They should take responsibility and make possible arrangement for necessary 

equipment for library personal and person who are engaged with digital preservation work.   

Decision Making:  

Digital preservation involves series of activities and an organizational structure in all its 

dimensions. Librarian and authorities of institution should concentrate on decision making 

like. 

• Tools to be used- for digital preservation which tools be useful should be categorised 

and arrange according to requirements.  
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• Financial assistance- assures and fixes the party or person who will be responsible for 

all the financial assistance whenever needed for the project. It is advisable to get 

advance payment at time of project approval.   

• Technology –refers to which type of techniques, tools and software should be applied 

for digital preservation is considered must. When the project taken for digital 

preservation for “paper to digital” or “born digital” needs lots of efforts, tools 

techniques, equipment and hardware, software tools. It assumed that an employee’s 

having basic computer knowledge may be considered.   

Allocation of resources  

It is important to have clear ideas of digital preservation project among the staffs. Before 

starting any procedures the Authorized person should study the details information regarding 

the policies, operations in written documents. How they may be utilized to fulfill institutional 

goals and objectives. Let’s discuss    

 Human  

The most preferable resources are humans; which will be utilized for preservation and 

digitalization of library resources. Selection of the person related to digitization work made 

by interview and observation. It is necessary to identify qualify and devoted person for this 

noble work. This activity creates awareness among the staff and made concentration on 

shared responsibilities of what to preserve and what extent the library will acquire and retain 

material would be digitization. 

Technology 

There is no definable strategy to used technology for digital preservation. It is defers 
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according to size of institutes , size of holding resources in library , the potential users and the 

amount of budget spent on the project on digital preservation. It’s depending on logical 

decision taken by authorised person. The most convenient and preferable technological tools 

are describe as follows 

Wide format scanner (8.5” * 14 or 8.5” *11.5) 

Book scanner with V shaped cradle  

Dark rooms with lighting  

Servers with high storage capacity 

Backup equipment’s like; Tap Drives, hard drivers, DVD writers, Cloud and Virtual space  

Computers, Hard ware and Software  

Standards for Architecture: ISO/DIS 15489, AS 4390, DOD 5015.2 STD, OAIS  

Standards for digital Content: PDF, XML, Dublin core, MARC, Z39.50  

Standards for interoperability: ODMA, DMA,  

Co-ordination 

According to Merriam Webster “Co-ordination is the process of organizing people or groups 

so that they work together properly and well” 

For library professionals and IT professional digital preservation is a big challenge to tackle 

with information technology and connect an employee as a human. Means proper co-

ordination and command needs in written documents than they work smoothly. Here, library 

professionals and IT professionals experience as well as knowledge towards digital 
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preservation helps them to run the project step by step as smoothly.        

Evaluation 

As we discussed library is a mirror of knowledge society and serves for society. It is assumed 

that a small mistake can leads wrong interpretation of documents or presentation which is 

digitized. Before completing whole library materials to be digitized, an evaluation process 

has been carried out after some content were digitized or born to digital. So the errors or 

small mistakes can be removed at the trial stage. 

Develop alternate solution   

When library or institute get approval for digitization of library holdings, it is necessary to 

work out future obstacles’ also.  Because  

• When you are pioneering some activities it is going to be most costly, might be this 

cost effect the whole budget. 

• Technology change is so rapid, might be outdated soon. Cost spent on technology 

may be worthless.    

• Getting skilled employees for smooth running project for long term without any 

disturbance is a question mark for project directors.  

• So, it is important ingredient for deciding how to develop alternate solutions. All 

these situations need an excellent project director to have expertise to handle critical 

situation.      
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Verbal level Planning: Framing Activities  

Technical structure 

The digitization project is run by the director who is in-charge of all operation related to 

digital preservation carried out by library or an institute. He/ she are the authority of co-

ordinating, directing and guiding to employees. The project director reports to librarian, 

librarian reports to institutes head. As a project director he/ she have to fix vision, mission 

and fix the goals. According to this, project director have to plan and execute technical 

structure and co-ordinate their employees with their assign work. A working blue print has to 

prepared and gave demonstration in meetings also. This will creates awareness among the 

employee, colleague, librarian and the head of the institution. The main area of discussion 

considered follow items or content.  

Find out sources to be digitized 

Digital preservation concerns two types of documents namely “born digital documents” and 

“digital created documents”.  As library have variety of collection in terms of printed and 

non-printed items like books, journals, newspaper, manuscript, documents and other grey 

literature. So, the pre-requisite is to identify the source (in terms of documents) which would 

go to be digitized.  These activities ensure that the preserved digital materials are authentic 

and valuable. So, it is important to identify most preferable and valuable sources to be 

digitized. Like  

• Costly books, most utilised books and articles 

• Rare books which were going to out of print  

• Most preferable items which were suggested by users, publishers, experts etc.  
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 Observation and notified items  

Digital preservation also concerns with preserving damaged and deteriorate items. So 

preservation of damaged and deteriorate physical media in to digital media, needs the basic 

requirements must have to checkout   

• The condition of resources in terms of overall condition of require items 

• Identified items which are especially poor in terms of (Torn items, rare items, stop 

publication ) 

• Identified the most risky and old collections 

• What is the alternate and possible direction for preservation of materials?   

• Duplication of items should be avoided  

Combination of sources  

Selection for digital preservation of items is multi-stage and contents range of activities. 

Every step needs different methods to proceed. It is necessary to select proper items which 

have longevity in terms of usage and storage. After selecting proper physical media or 

documents it is necessary to give identification to sources like  

• Collection should be notifying with some identical codes or numbering patterns  

• Make list accordingly 

• Stored in different space or reserve separate cupboard for easily identify and labelled 

them  

• Stop for transaction for this separate collection  

Fix the source which would be adopt 

Organizational structure is also important factor for acquiring funds or financial assistance. 
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Majority of libraries or institutions have its own powerful link with state government and 

national level bodies. As we know library is growing organism and not for profit making 

service factor. It is totally depends on government and public funds. Some autonomous 

institute have their own financial funding agencies. As related to preservation of library 

collection needs excessive library funds. Here the authority and project director plays vital 

role in creating most preferable source for financial assistance. Final decision depends on 

authority how they fix the sources without any interruption for financial needs.  

Time management 

“Time management” refers to the way that you organize and plan how long you spend on 

specific activities.” 

How much time needs to digital preservation activities should be calculate for every 

stage and gave algorithm to staff for wok accordingly and make assure to follow the rules 

strictly. This will help out to get benefit in cost effective ways.  

SWOT analysis 

“SWOT (strengths, weaknesses, opportunities, and threats) analysis is a framework used to 

evaluate a company's competitive position and to develop strategic planning. SWOT analysis 

assesses internal and external factors, as well as current and future potential.” 

When institute or library is working on this important project, it is essential to check 

out the possible strength, weakness, opportunity and traits also.  This analysis will help to 

identify present situation and how the institute can take advantages of his strengths and 

moderate his weakness into opportunity to bring out new inventions, it would be helpful for 

smooth running for the said project. Ex. Books and documents damage is a weakness of any 

library. A clever project director can covert this weakness in opportunity and make possible 
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arrangement to traits financial and organizational barriers with strong funding agency. He 

creates digital platform and make best ROI (return on investment) through subscription base 

document delivery.   

Notation level  

After completing thinking process the project director should maintain all the files in written 

form, as specially workflow charts and coding language. This might be easier to follow and 

moderate all functions regarding digital preservation.  

Execute Technical Process   

Execute technical process in terms of operational level work assigned. The flow chart of 

assign work contents as follows  

Codification of compiled items 

Digital transformation needs lots of attention at time of scanning or image captured. A small 

mistake can overload the task of replication work. To survive with computers and 

information technology era, proper coding and interpretation of documents needed. Failing in 

this it is meaningless activities of “o” and “1” without interpretation. Means convert binary 

document from physical structure. 

Digital preservation involves set of activities with access right for longevity of data. 

Proper identification and coding of electronic documents vice versa physical documents are 

primary activities of digitization of resources.  Ex. A well define class numbers require same 

as physical and digital documents and they must be unique in nature. So everybody can 

identify easily.  
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Making decision for quality control 

Digital contents needs quality in three phases, first at time designing workflow, second at 

time of digital image capture or scanning how it is selected and handled. Third one is access 

and downloads time with user’s friendly in its nature. This may require quality control at 

every stage and gave guarantee for produce first product output as same level whenever and 

whatever time it will retrieve for usage. Means, maintain consistency in quality work despite 

the technological changes occur. It will be able migrate data in to other format also. Like 

word to PDF, mp3 to mp 4 and so on.     

Special treatments of rare items  

Form Stone Age to digital Age, library holdings gets variety of information sources like; 

manuscripts, clay books, paper books, original copies, Maps, charts, diagram, photographic 

materials, microfilms, films, documentary , recordings, CDs, DVDs, etc. all these materials 

needs to preserve from deteriorations of various hazards like Environmental, biological, 

chemical , natural and disasters , human related. All these hazards affect the original product 

and harm the quality of library holding.   

Environmental factors- temperature, humidity, light and dust 

Biological factors-fungi, Insects, other parasites 

Chemical Factors- Chemical product used in production  

Disasters and Natural Factors – Floods, Earth quack, Hurricane, Volcanic  

                                                   Eruptions, Sand storm     

All this printed and non-book materials needs special treatment like; 

Treatment for environmental hazards: to maintain library resources properly, the 

environmental condition/ storage condition should scientific monitored. Proper lighting, 



24 | P a g e  
 

ventilation, Air and temperature should be maintained. Cleanliness of library resources, 

shelves should be maintained and check by periodically. 

Treatment for Biological hazards: in order to biological hazards; strictly banned food 

and drinks inside the library. Prevent with insect used naphthalene bricks on the shelves, 

periodically spray dry neem powder and placed the camphor tablets inside the shelves for 

pest control.   

Treatment for Chemical hazards: books/ documents kept indoors are better protected 

then books/documents kept outside. This will prevent records from dust, chemical reaction of 

papers used in paper making process and binding process. Torn and damaged resources 

should be maintained with lamination, re-binding, re-pairing and restoring with excellent 

quality equipment’s. 

Treatment for disasters and natural hazards: library should plan proper disasters 

management systems and this will checked and tracked on regular basis. The building 

maintenance, water and air facilities, drainage and flood resistance systems, fire alarm 

security should checked and maintained on periodic times. Certification, verification and 

updating of equipment’s also are done by regular systems for preventive natural hazards.  It 

advisable to get best quality scanning and digital output of library resources, the digital 

preservation process should be start after proper maintaining of physical library resources or 

documents.  

Convert in to Meta data and Bibliographic work 

Archiving and preserving of library resources/documents involves using standardized format 

of data captured and migration process. This will help out to recall deteriorate data. The 

fundamentals requirements is the validation of digital documents should be done with Meta 

data standards including EAD (encoding archives description for discovering guidelines and 
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EACs encoding archive materials). It advisable to get access of data put bibliographic work 

on local hard disks as well as institutional websites also. 

Build repo with humans and technology  

Working with technology needs suitable integration and collaboration with technology as 

well as humans. So the project director should make some guidelines for completing the task 

of digital preservation. This may include; 

• Pin point key functions and task may drawn out for this project  

• Provide manuals to project head, how the functional and organizational units would 

be worked with supporting staffs. 

• Determine degrees of authority needed to manage each units 

• Provide co-ordination among the functional and organizational units 

• Negotiate with hard ware/ software agencies , which they are responsible for assigned 

work at every stages like; at the time of beginning, at time of completion and at time 

of execution of work, to get better result the policy should remain to maintain the 

continuity of work       

Test trial version  

To ensure access to digital materials, which are under process and repositories of particular 

institutions? It is advisable to test trial version first. After getting remarkable notification for 

successful operations of various levels it should be linked with institutional website.    

Team work  

Team work is essential elements for every institutions, industry or firm. As we know 

teamwork is the collaborative effort of a group to achieve a common goal or to complete a 
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task in the most effective and efficient way. In this regard when all employees work together, 

then and then the project director would be able to accomplish the digital preservation of 

library resources task.  

Out put  

Final digitized product  

At the end of the digitization process, the final product achieved by institute is that 

documents are digitally produced. This may be in form of “digital born documents” or 

“digitally created documents”. 

Bibliographic data set  

After creating digital product, it is essential to have total bibliographic details on this digital 

product. So, beneficiary can easily retrieve the documents whenever they needed.      

Institutional repository 

The project director of the digital preservation can claim for the institutional repositories. 

Because the final product is planning, prepared, offered and maintain by the parental 

institute.     

High Satisfaction  

High Job- Satisfaction, Institutional satisfaction and work satisfaction itself can be derived 

through the successfully completion of digitization of library resources. It always reflects on 

smiles and working behaviours of employees and user’s feedback as well as institutions 

returns on Invests. ROI 
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Recommended Strategy for digital preservation 

Medium preservation 

• Media renewal or media refreshing like, Copying – transferring data from old storage   

• Media to new storage media with the same format specification 

•  Authentication and accreditation 

• Decrease in physical size & Increase in storage capacity 

 Technology preservation 

• This approach intends to retain the needed original hardware and software 

•  May have an important role for the recovery of data from obsolete storage media and  

Platforms, but it is unlikely to become a viable long-term strategy 

• Digital resources would be to preserve the original software and then to run this on  

• Emulators that would mimic the behavior of the obsolete hardware and operating 

systems 

• Digital data object together with the application software used to create or interpret it 

and a description of the required hardware environment that could be used as a 

specification for an emulator 

 Intellectual preservation 

• Regarding existing législation (especially copyright & IPR) 

• Awareness of the broader scope of the problem 

Policy framework  

Due to technological revolutions and seeking instant information more and more content are 

created, converted in digital format. To maintain Libraries and archival record those who are 
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actively related to digital assets realised for policy matters and intellectual property rights. 

Their Nobel prospects lead them to create policy framework for digital preservation.  

Why policy on digital preservation:  

As we discuss technological revolution made easy transformation of physical media in to 

digital media. Easy availability of information and plagiarism raised some issues towards 

Intellectual property rights and owners identity. Librarians, arc hivers and groups of society 

realize the policy framework on digital preservation. Based on previous studies some 

observation has been made as :   

Lyman and Besser noted, "The long term preservation of information in digital form 

requires not only technical solutions and new organizational strategies, but also the building 

of a new culture that values and supports the survival of bits over time." Beagrie, Semple, 

Williams, and Wright reinforced the idea that "…any long-term access and future benefit 

may be heavily dependent on digital preservation strategies being in place and underpinned 

by relevant policy and procedures and that the digital preservation policy should be integrated 

into business drivers, activities and functions e.g. regulatory compliance, staff development, 

applied technology, academic excellence." 

The Electronic Resource Preservation and Access Network's (ERPANET) Digital 

Policy Preservation Tool suggests that "A policy forms the pillar of a programme for digital 

preservation. It gives general direction for the whole of an organization, and as such it 

remains on a reasonably high level from an external point of view, a written policy is a sign 

that the organization takes the responsibility to preserve digital material." 

Cloonan and Sanett noted, "The lack of preservation policies in place is a distinct gap 

in the research design of many of the projects and possibly reflects a lack of commitment 

among the stakeholders in institutions." 
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Conclusion 

Preservation in the area of digital technology is a shared responsibility.  Library and 

information technology professionals are playing vital role in developing strategies for this 

sustainable issues. The emerging need is to develop high storage medium & work 

collaboratively with professionals & community. It is also needed to create awareness on IPR 

& related issues. It is also require having a healthy coordination among the various parties 

who involved in digital preservation and increase staff expertise with issues of digital 

technology. In views of overall situation the satisfaction reflects on employee’s behaviour 

and face of happy customers.   
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ABSTRACT

With an output of 9.8 MT in October 2021, India was the second-largest producer of crude steel in the world. FY21 had a 102.49 MT of crude steel production, while 
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INTRODUCTION:
With a crude steel output of 9.5 MT in September 2021, India was the world's sec-
ond-largest producer. FY21 had a 102.49 MT of crude steel production, while the 
finished steel output was at 94.66%. India's crude steel output is expected to rise 
by 18 percent in FY22, to 120 million tonnes, due to increased demand from con-
sumers. At 93.43 metric tonnes (MT), finished steel consumption in FY21 was a 
record high. Final steel output in May 2021 amounted to 7.8 MT. There was 1.30 
MT of crude steel production and 1.27 MT of saleable steel production in June of 
2021, SAIL's total output. On the heels of a 29 MT capacity addition, steel pro-
ducers are looking to recommence growth projects. There was a total usage of 
49.11 MT of finished steel between April 2021 and September 2021.

Steel consumption is predicted to rise by 17% to 110 million tonnes in FY22, pri-
marily due to an increase in construction activity. It is expected that Tata Steel's 
yearly capacity will increase from 34 MTPA to 55 MTPA by 2030 in India. From 
34 million tonnes per year to 55 million tonnes per year, Tata Steel plans to 
increase its annual capacity in India by 2030. Exports of finished steel totaled 
7.75 MT while imports of finished steel totaled 2.37 MT in FY22 (until Septem-
ber 2021). As of April 2021, India's exports were up 121.6% year-over-year 
(YoY) over the prior year. A total of 8.24 MT of finished steel was exported from 
India in Fy20.

Per capita steel consumption in India increased by 4.43 percent between FY08 
and FY19, from 46 kilogrammes to 74 kilogrammes. According to the National 
Steel Policy 2017 and allowing 100% FDI in steel sector, the government has 
taken numerous measures to support this industry... Department for Promotion 
of Industry and Internal Trade (DPIIT) statistics shows a $16.0 billion inflow of 
foreign direct investment (FDI) into Indian metallurgical sectors between April 
2000 and June 2021.

To achieve a per capita steel consumption of 160 kg by 2030-31, the government 
has set a goal in its National Steel Policy 2017. In addition, the government has 
advocated a policy that requires notified steel goods covered by preferential pro-
curement to have a minimum value addition of 15%. In an effort to cut down on 
imports, the government implemented a Steel Scrap Recycling Policy in 2019. 
Developments in many industries are also benefiting the industry. There will be a 
reduction in steel prices due to the Vehicle Scrappage policy because outdated 
vehicles can be recycled and reused under this new policy. The demand for oxy-
gen cylinders for COVID patients is now outpacing the capacity of major steel 
producers. Steel Authority of India Limited (SAIL) would supply Indian Rail-
ways with approximately 11 lakh tonnes of steel in 2021 for the renewal and con-
struction of new railway lines across the country.

Investment in a steel plant in Jammu and Kashmir by JSW Steel is expected to be 
completed by October 2021, with an investment of Rs. 150 billion (US$ 19.9 mil-
lion). By 2021, ArcelorMittal and Nippon Steel Corporation's joint venture steel 
firm in India would invest a total of Rs. 1 trillion (US$ 13.34 billion) in expand-
ing its activities in India over the next decade. The approved specialty steel pro-
duction-linked incentive (PLI) scheme had its rules issued by the government in 
October 2021. In October 2021, India and Russia inked an agreement to conduct 
research and development in the steel industry and to generate coking coal (used 
in steel making). Steel companies have firmed up their plans to invest Rs. 60,000 
crore (US$ 8.09 billion) over the next three years, according to CII president and 

MD of Tata Steel Mr. T.V. Narendran in an interview with The Telegraph in June 
2021. Mr. Narendran stated that this was the largest private sector investment 
plan announced recently.

According to a MoC that was signed in January 2021, India and Japan agreed to 
work together to increase steel production through collaborative operations in 
accordance with the framework set up by the India–Japan Steel Dialogue. As of 
July 2021, the Union Cabinet has approved a PLI programme for special steel. 
An estimated investment of Rs. 400 billion (US$ 5.37 billion) and an increase in 
specialty steel capacity of 25 million tonnes (MT) are envisaged as a result of the 
scheme. CARE Ratings predicts that crude steel output in FY22 would rise by 8-
9 percent YoY to 112-114 MT. Economic recovery, government spending, and 
increased liquidity will fuel this demand. At $5.54 lakh crore (US$ 74.60 bil-
lion), the budget for capital expenditures (capex) has increased by 34.5 percent 
year-on-year. The budget aims to boost the economy by building infrastructure 
and industry. In addition, increased investments in critical areas like defence, 
rail, and roads, transportation, and highways would spur demand for steel.

LITERATURE REVIEW:
For public sector firms and Bharat Heavy Electricals Limited, Joshi (2000) 
attempted to examine the influence of ownership change on financial perfor-
mance. BHEL's pre- and post-disinvestment financial performance has been 
evaluated using a variety of financial ratios. He also employed a SWOT analysis 
to support his choice of BHEL for his research. Joshi found in his research that 
disinvestment is a good answer for public sector enterprises like BHEL, which 
compete in a globally competitive environment, because it has resulted in greater 
profitability and operational efficiency.

"Financial Performance of Divest Central PSUs in India: An Empirical Study on 
Select Dimensions" by Gupta (2011) has revealed the financial performance of 
divested CPSEs in India from 1986-87 to 2009-10 on both pre and post-
disinvestment basis. The author of this essay argues that CPSEs continue to suf-
fer challenges even after disinvestment, which is why even a tiny amount of dis-
investment has failed to provide the anticipated benefits. He also points out that 
these issues are caused by government involvement and delegation of opera-
tional and functional authority to managers, among other things, as well as 
excessive costs and a non-competitive industrial structure in operational effi-
ciency.

"Disinvestment and Performance of Profit and Loss Making CPSEs in India" by 
Singh (2015) examines the influence of profit & loss making CPSE disinvest-
ment on investment, employment, financial strength and corporate liquidity. The 
author of this paper came to the conclusion that, while staff efficiency in resource 
usage has increased in both profit- and loss-making CPSEs following disinvest-
ment, profitability and operational efficiency have decreased in profit-
generating CPSEs.

There was "A general study on public sector undertakings: growth of PSUs and 
how effectively financially managed our PSUs." Compared to private sector 
enterprises, the author found that PSUs can be successfully and fiscally man-
aged. A brief history of PSUs, financial management in public sector enterprises 
(PSEs), the function of financial advisors in PSEs, and other topics are also cov-
ered in this article.

Copyright© 2022, IEASRJ. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License which permits Share (copy and redistribute the material in any medium 
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An analysis of 235 public sector undertakings (PSUs) by Gupta (2017) in his 
research paper "Public Sector Undertaking: Bharat's Other Ratna" The author 
points out that the PSUs are categorised into distinct 'Ratna' categories in order to 
enhance their performance. The author also noted that CPSEs can improve their 
performance through partial privatisation. 'Maharatnas,' the larger PSUs, outper-
form 'Navratnas,' the smaller PSUs, and private enterprises alike, according to 
the author. Gupta also advised that India raise funds through privatisation, disin-
vestment, and liquidation, which may be invests in public infrastructure through 
the National Infrastructure Investment Fund and not the budget as a revenue rais-
ing measure.

In her work "Partial Privatization and Firm Performance," Gupta (2006) asserts 
that partial privatisation was the starting point for the majority of the 
privatisation program's early stages. Partial privatisation is beneficial to profit-
ability, production, and investment, as the author points out. There are times 
when the stock can be used to monitor and reward management performance, 
especially when the government owns most of the shares.

RESEARCH OBJECTIVE:
1. To analyse financial performance of selected PSUs steel companies

2. To compare the financial performance of selected PSUs steel companies

RESEARCH METHODOLOGY:
Sources of Data:
Secondary sources of data utilised for this proposed research study

Secondary data have been collected from Annual Reports. 

Universe:
In the research study selected 2 PSUs steel companies. 

Period of Data Coverage:
Five years of financial statements has been analysed for PSUs steel companies 
taken under study. 

Analysis of Data:
The proposed statistical tools for the analysis of data are ratio analysis

DATA ANALYSIS:

Based on above ANOVA table it is concluded that, P value is less than signifi-
cant value 0.05. It is concluded that there is significant difference in net profit 
margin ratio of selected PSUs steel companies of India.

Based on above ANOVA table it is concluded that, P value is less than signifi-
cant value 0.05. It is concluded that there is significant difference in asset turn-
over ratio of selected PSUs steel companies of India.

Based on above ANOVA table it is concluded that, P value is less than signifi-
cant value 0.05. It is concluded that there is significant difference in current 
ratio of selected PSUs steel companies of India.

CONCLUSION:
From the above table it is concluded that NMDC Ltd has highest profit margin 
compare to SAIL through out last 5 years of study period. NMDC Ltd has more 
current ratio compare to SAIL which indicates that NMDC Ltd has more current 
assets to pay their current obligations. SAIL has utilised its assets more efficient 
way compare to NMDC Ltd. 
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Net Profit Margin

Company 2020-21 2019-20 2018-19 2017-18 2016-17

Steel Authority of India Ltd 5.57 3.27 3.25 -0.83 -6.37

NMDC Ltd 40.68 30.85 38.19 32.76 29.32

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 2785.895 1 2785.895 121.3523 4.1E-06 5.317655

Within Groups 183.6567 8 22.95709

Total 2969.551 9     

Asset Turnover Ratio

Company 2020-21 2019-20 2018-19 2017-18 2016-17

Steel Authority of India Ltd 58.98 49.28 57.51 50.4 41.72

NMDC Ltd 41.78 37.56 40.8 40.59 34.34

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 394.6352 1 394.6352 13.66042 0.006077 5.317655

Within Groups 231.1116 8 28.88895

Total 625.7468 9     

Current Ratio

Company 2020-21 2019-20 2018-19 2017-18 2016-17

Steel Authority of India Ltd 0.78 0.91 0.78 0.68 0.55

NMDC Ltd 1.91 2.63 2.6 2.5 3.09

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 8.15409 1 8.15409 83.17105 1.68E-05 5.317655

Within Groups 0.78432 8 0.09804

Total 8.93841 9     
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INTRODUCTION:
There are numerous definitions of "bank" in the book Son of Economics and 
Commerce by various authors. To define a bank, you have to look at all of its func-
tions and see how they fit into that definition. One of the reasons for the prolifera-
tion of different types of banks is the fact that each one has its own unique niche 
in the financial industry. It would be unscientific and probably impossible to 
come up with a single definition that encompasses all banking organisations. 
There should be a distinct definition for each type of bank, which explains its spe-
cific functions. As a result, the Bill of Exchange Act of 1882 (England) defines 
the term "bill of exchange." 

“A bank includes a body of persons, whether incorporated or not, who carry on 
the business of banking”

More than 35 commercial banks in India compete for customers with dozens of 
international banks, as well as rural and cooperative lenders, in a highly frag-
mented banking market. Eighty percent of the market is dominated by state-
owned banks, with only a minor portion controlled by private competitors.

By the end of February, 13.7 million Pradhanmantri Jan Dhan Yojna (PMJDY) 
accounts had been opened and 12.2 million RuPay debit cards had been issued. 
Since their opening, these new accounts have received deposits totaling Rs 
12,694 crore ($ 2.01 billion).

According to Standard & Poor's, credit growth in India's banking sector would 
increase from less than 10% in the second half of CY14 to 12-13% in FY16.

LITERATURE REVIEW:
According to Mayuri, J. Farmer's (2009) research, the financial performance of 
27 nationalised banks in India from 1989 to 1998 was mostly dependent on sec-
ondary data. Analysis of the quantitative variables and their influence on profit-
ability has been undertaken using a regression analysis. There has also been a 
thorough investigation into the profitability of two different banks, one of which 
is quite profitable and the other of which is extremely loss-making. It has been 
attempted to use the idea of Break Even Analysis to distinguish between a profit-
making bank and a loss-making bank, and to offer suggestions for increasing the 
margin of safety.

Rachin Gulati and Sunil Kumar (2009) investigate the link between efficiency 
and profitability in 51 Indian domestic banks that were active in the 2006-2007 
financial year.

The Indian domestic banking industry's efficient frontier is dominated by de 
novo private sector banks, according to empirical evidence. As a result of the effi-
cient-profitability matrix, 22 banks in the "Question Mark" and "Sleeper quad-
rants" have a poor resource utilisation procedure and a lot of waste in their supply 
chains. On the efficiency and profitability dimensions, Tamil Nadu Mercantile 
Bank and Yes Bank can serve as a benchmark for the underperforming banks in 
the country.

Both Shankar Ravi and Roma Mitra (2008), In order for a country's economy to 
grow, it is necessary to have a well-functioning financial system. In this paper, 
the efficiency of 50 Indian banks is modelled and evaluated. Every unit evaluated 
can have its inefficiency analysed and quantified. It is the goal of this article to 

estimate and compare the efficiency of India's banking system. Whether or 
whether banks are able to compete with global financial institutions will be deter-
mined by this study's findings. Results are useful to financial policy planners 
since it identifies areas where banks need to focus in order to achieve their goals. 
Banks' performance in India is evaluated in this article.

Private sector banks have a vital part in the development of the Indian economy, 
according to B.Satish Kumar (2008) in his work on an examination of their finan-
cial performance. There were considerable changes in the banking business after 
the liberalisation. The banking sector has completely changed as a result of the 
economic changes. In accordance with the Narashiman committee's recommen-
dations, the RBI allowed the establishment of new private sector banks. Public 
sector banks dominated the Indian banking sector. New generation banks with 
technology and competent management have achieved a respectable position in 
the banking business, but, as circumstances have changed.

Bank performance is increasingly essential in the modern world, according to a 
2006 study by Vradi, Vijay, Mauluri, Nagarjuna, and their colleagues.

It is necessary to look at key metrics such as profitability, productivity, assets, 
quality, and financial management for both public and private Indian banks over 
the years 2000 and 1999 to 2002-2003 in order to assess the efficiency of the 
financial system in India. We used development envelopment analysis to gauge 
bank efficiency and discovered that public sector banks in India outperform all 
others.

Petya Koeva (July 2003) in his study on the Performance of Indian Banks. New 
empirical information on the influence of financial liberalisation on the perfor-
mance of Indian commercial banks was presented during Financial Liberaliza-
tion. During the period of liberalisation, the study examines the costs and profits 
of bank intermediation. Observed increases in competition during financial 
liberalisation have been linked to decreased intermediation costs as well as 
higher profitability for Indian banks, according to the empirical findings.

RESEARCH OBJECTIVE:
1. To analyse financial performance of selected public banks of India

2. To compare the financial performance of selected PSU banks

RESEARCH METHODOLOGY:
Sources of Data:
Secondary sources of data utilised for this proposed research study

Secondary data have been collected from Annual Reports. 

Universe:
In the research study selected 3 public banks. 

Period of Data Coverage:
Five years of financial statements has been analysed for public banks taken under 
study. 

Analysis of Data:
The proposed statistical tools for the analysis of data are ratio analysis

ABSTRACT

The Reserve Bank of India and the Ministry of Finance are in charge of the country's vast array of governmental and private financial institutions. Competition, client 
demand, and banking reforms in India have made efficiency and profitability of the banking sector a primary concern. SBI, BOB, and BOI, three of India's biggest 
public sector banks, are the focus of this research. From 2016-17 through 2020-21, these banks have been analysed in terms of their financial performance. FRA 
(Financial Ratio Analysis) is a tool used to evaluate public sector banks' financial performance by looking at their ratios. Banks can benefit from the outcomes of this 
study.
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DATA ANALYSIS:

The Loans Turnover ratio table shows that State Bank of India has the highest 
value, followed by Bank of Baroda and finally Bank of India. As a result, the 
State Bank of India generates the most revenue, which is needed to repay its 
loans.

SBI, BOB, and BOI all keep a larger percentage of their revenue as net income, as 
can be seen from the Net Profit Margin ratio chart shown above.

This graph shows that BOB has the highest operational expenses / total funds 
average ratio in the past five years. It demonstrates that BOB has the best ability 
to use its average total resources to improve its main stream of operating 
expenses. To improve its main stream of operating expenses, SBI is unable to use 
its average total resources to the greatest extent.

CONCLUSION:
It's possible to deduce from ratio analyses of public sector banks that the net 
profit margin ratio was larger in previous years, i.e. banks retained a bigger per-
centage of their revenue as net income in the earlier years. Public sector banks 
have a lower loan turnover ratio than private sector banks, and public banks have 
a higher outstanding loan balance compared to revenues. The State Bank of India 
has the greatest potential to leverage its average total resources in order to 
improve its primary operating expenses stream. State Bank of India. The average 
total resources of public banks can be used to increase their primary source of 
operating interest income.
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Loans Turnover

Bank Name 2020-21 2019-20 2018-19 2017-18 2016-17

State Bank of India 0.11 0.12 0.12 0.12 0.12

Bank of India 0.11 0.12 0.12 0.11 0.11

Bank of Baroda 0.10 0.13 0.11 0.11 0.11

Net Profit Margin

Bank Name 2020-21 2019-20 2018-19 2017-18 2016-17

State Bank of India 8.05 7.32 0.90 -1.98 0.10

Bank of India 0.11 0.12 0.12 0.11 0.11

Bank of Baroda 1.17 0.71 0.87 -5.57 3.27

Operating Expense / Total Funds

Bank Name 2020-21 2019-20 2018-19 2017-18 2016-17

State Bank of India 3.27 3.19 2.99 2.66 2.61

Bank of India 2.64 3.61 3.40 2.74 3.39

Bank of Baroda 2.97 3.91 3.09 3.41 2.53



ISSN 0973-3914

Research Journal of Social
and Life Sciences

archSeforA

REWAMP
Peer-Reviewed Research Journal

ccus

UGC Journal No. (Old)40942Impact Factor 5.125 (IIFS)

Indexed & Listed at: Ulrich's Periodicals Directory

ProQuest, U.S.A. Title Id: 715205

VOL-34 ENGLISH EDITION YEAR-17 JAN.-JUNE 2021

2021
www.researchjournal.in

dle



UGC Journal
No. (Old)2138,

Peer-Reviewed
Rescarch Journal

ImpactFactor
5.125 (1IFS).

ISSN 0975-4083

Vol.- 34, English
Edition, Year-17, Jan. June 2021

A Study on ImpactofAdvertisement
on Consumer Roh..

ur
Parul C. Dave

Abstract- Advertising
is an mporlani component of

ole of
ementand consumer behavior

have a strong relation. Theral

advertisement
is to influence

the consumer decision-makino

influence
consumer decisions in all stages based on the
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This study is intended to analvze d ng
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products. The study shows that the customers are highly affected
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Introduction-The advertisementmust show what the productis all about.It

should, in a way give some
kind of information

about its price, benefits,

usage, availability and so on.The influenceofadvertisingin everyday life is

greater thanmany people realize. This is because the effects ofadvertising

often work in subtle ways, to the point that many people do not even realize

that they are being marketed to when they alter their behavior after

encountering
advertisements.Advertising is such a powerful psychological

tool that an entire field of study dedicated to unlocking how advertising

influences consumer behavior has been developed and continues to be

explored today. Advertisers also study consumers' behaviornot only to reach

them but also to get their feedback and their reactions toward the sold

products. Consumer behavior focuseson how individuals make decisions to

spend their available resources such as time, effort, money etc. on

consumptions related items.That includes what they buy, when they buy,

why they buy,where they buy,how often they buy,how often they
use, how

they evaluate after the purchase and use it and impact of evaluations on

future purchase and how they dispose it (Schiffman&Kanuk,

2009).Consumer
behavior is the study of the processes

involved when

individuals
or groups select, purchase,use or dispose

of products, services.

ideas or experiencesto satisfy needs and desires.Advertising is
a
way o

communication toconvince an audience fortaking purchase decisioniddaui,

product
or service and delivering information to viewers (Niazi,

Siadyas

Shah,&Hunjra, 2012).
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of the Research Problem- It is important to catch theres

problem.Present studywas commenced with the followingtitle:
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hod was used forthe
studywas

descriptive
selectedasa

sample.
Convenience sampling

method Was.
50wOm

describes
the way ofovercoming

thefacts, problems.

Research
Tool- The research is the collectionofadequate

reliable
facts abouttheproblem under investigation.Interview

scheand

usedasaresearch tool inpresentstudy.

Development
of the Interview Schedule- For good communication

understanding
researcher has laken prior appointments andand

introduced
the purposeofstudy

and alsodiscussedwith them theimnor

of the study before conducting the personal interview.An appropriate

interview schedulewas developed
on the basis of the formedobiectivo

the studyandlibrary
research. The schedule consisted

ofdifferent questions

covering
various aspects..The Part "A"of the Schedule dealt with-the personal details:lt

included the personal
details of the respondents like name of the

person, age,birth date, religion,
etc.

2. The Part "B" deals with advertisement and consumer

acc
rate, and

was

and

behaviour-Itincludedthe questionspertainingtofactors influenced

on consumer behaviour,buying decisionsand advertisementimpact

related questions.

Pre-testing of the Interview Schedule for the Present Study- To seethe

work abilityofthepreparedInterviewSchedule a Pilot Study was carried out

on some persons. The InterviewSchedule was translated into Gujarati
for

easy communication and better understanding. The interview was

conducted in Gujarati language and the responseswere recorded in English.

The pretesting revealed that the questionnaire was explicit
and clear to the

respondents. A few modifications in the InterviewSchedule were necessary

and made after pretesting to increase the validity of the Schedule.Those

changes were mainly in phrasing and restructuring the sequence of the

questions in interview schedule.

Data Collection- Data were collected throughprimary sourcesto obtain the

objectives of the research. The data was collected through interview
schedule. Comprehensive literature reviews was made to analyzethe impact

ofadvertisement inconsumer behavior.

Data Analysisand Interpretation-The result and discussion have been

presented
underthe following research questions:

Question no.1- What are the factors influencing consumer buying
decisions?

According to respondentsresponsethere were so many factors that

infiuenced
the buying decision like economical factor, functional factor

individual
or personal factor, mix factor, social factor and psychological

1actors.
Mostofwomen gave importanceon economical factor and fashion

factor.

Question no.2 -Does an advertisement have any impacton consumers'
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nd researcher also. On the basis ofthe

objectives,researcherdata collection, data
analysis, drawing interpretation andeAried of the research. Research

processes are
dependent on the
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Objectives

of the study-The objectives ofthe study provide a directionto

conclusion
ectives.

Thtives.The objectivesofthestudy are as follows:

Toanalyze theconsumer buying behavior

Toexaminethe impactofadvertisementonconsumer behavior
Resea Questions-The studystartswiththefollowing questions:1.What arethe factors

influencing consumer buying decisions?2.Does an advertisement have any impact on consumers' buyingdecisions?

Which advertising media is most effective to convince the
consumers?

VariablesIncluded in the Study- There aresome variablesrelated to the
research. It is necessary to

identify these variablesto know the relations
between them. Following is thedetail

of thevariablesincluded in thepresent
research.

Independentvariable:

Dependent variable:

Controlled variable:

Advertisement
Consumer Behaviour

Year 2020-21
Gender Women
Area Ahmadabad City

Grant in AidCollege

Scope of the Research- The scope of research of the present study was
related with so many fields, which are given below-

1. Education

2. Commerce
3. Marketing

4. Advertisements

5. Research

Delimitations of theStudy-

1. Present study is delimitedto women only.

Present study isdelimitedto grantin aid commerce college only.

3. Presentstudy is delimitedto Ahmadabad city only.

4. Presentstudy is delimited to academic year2020-21only.

Limitations
oftheStudy-

Presentstudy analysesonly
the effect ofadvertisement

inconsumer

buying
decisions.

Type
of Reseaof Research-Thus

the type of present research was qualitative

research
accord

Population-

Won

theacademic
year2020-21

Sampling-
Pres

2

rding to its implementation orm.

men who studied in grantin aid commerce colleges during

2020-21 were selected aspopulation.

resentstudy
isi ntended to analyzethe impactofadvertisement
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huyingdecCIsions?

From the response analysis from the respondents researcher have

drawn
the conclusion that advertisement can change and have impact on

Consumers' buying decision. Most ofrespondents said this advertisement

have more impactonbuying decisions.

Ouestion no.3 Which advertising media is most effective toconvince
theconsumers?

There were vast different opinions get from responds, but everyone
said the advertising media is most effective to convince the consumers.
Most of women said theyweremore affected byTV advertisementandin the
view of some women of them radio advertisement is more effective and
some women said printmedia is moreeffectivetoconvince theconsumers.
Conclusion- The study has been doneto analyze the consumer behaviorin
purchasing decision and examinethe impact ofadvertisement in buying
behavior of consumers. According to the respondents taken for the study
there is positive impact of advertising on consumer behavior. Mostofthe
respondents have taken advertising as promotional tools that can convince
the customers towards the products and Salespromotion is takenasthe key
function of advertisement to attractthem. According to the respondents
television is more effective media to influence and convince the audience
towards the advertisement products. The studyshowsthatthecustomers are
highly accepted by the advertisement as it

createscuriosityon thecustomers.There was positive impact of advertisement on consumer behaviour but
according to therespondents most ofthe people also think about theirneeds
before buying goods and services.
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INTRODUCTION:
There are numerous definitions of "bank" in the book Son of Economics and 
Commerce by various authors. To define a bank, you have to look at all of its func-
tions and see how they fit into that definition. One of the reasons for the prolifera-
tion of different types of banks is the fact that each one has its own unique niche 
in the financial industry. It would be unscientific and probably impossible to 
come up with a single definition that encompasses all banking organisations. 
There should be a distinct definition for each type of bank, which explains its spe-
cific functions. As a result, the Bill of Exchange Act of 1882 (England) defines 
the term "bill of exchange." 

“A bank includes a body of persons, whether incorporated or not, who carry on 
the business of banking”

More than 35 commercial banks in India compete for customers with dozens of 
international banks, as well as rural and cooperative lenders, in a highly frag-
mented banking market. Eighty percent of the market is dominated by state-
owned banks, with only a minor portion controlled by private competitors.

By the end of February, 13.7 million Pradhanmantri Jan Dhan Yojna (PMJDY) 
accounts had been opened and 12.2 million RuPay debit cards had been issued. 
Since their opening, these new accounts have received deposits totaling Rs 
12,694 crore ($ 2.01 billion).

According to Standard & Poor's, credit growth in India's banking sector would 
increase from less than 10% in the second half of CY14 to 12-13% in FY16.

LITERATURE REVIEW:
According to Mayuri, J. Farmer's (2009) research, the financial performance of 
27 nationalised banks in India from 1989 to 1998 was mostly dependent on sec-
ondary data. Analysis of the quantitative variables and their influence on profit-
ability has been undertaken using a regression analysis. There has also been a 
thorough investigation into the profitability of two different banks, one of which 
is quite profitable and the other of which is extremely loss-making. It has been 
attempted to use the idea of Break Even Analysis to distinguish between a profit-
making bank and a loss-making bank, and to offer suggestions for increasing the 
margin of safety.

Rachin Gulati and Sunil Kumar (2009) investigate the link between efficiency 
and profitability in 51 Indian domestic banks that were active in the 2006-2007 
financial year.

The Indian domestic banking industry's efficient frontier is dominated by de 
novo private sector banks, according to empirical evidence. As a result of the effi-
cient-profitability matrix, 22 banks in the "Question Mark" and "Sleeper quad-
rants" have a poor resource utilisation procedure and a lot of waste in their supply 
chains. On the efficiency and profitability dimensions, Tamil Nadu Mercantile 
Bank and Yes Bank can serve as a benchmark for the underperforming banks in 
the country.

Both Shankar Ravi and Roma Mitra (2008), In order for a country's economy to 
grow, it is necessary to have a well-functioning financial system. In this paper, 
the efficiency of 50 Indian banks is modelled and evaluated. Every unit evaluated 
can have its inefficiency analysed and quantified. It is the goal of this article to 

estimate and compare the efficiency of India's banking system. Whether or 
whether banks are able to compete with global financial institutions will be deter-
mined by this study's findings. Results are useful to financial policy planners 
since it identifies areas where banks need to focus in order to achieve their goals. 
Banks' performance in India is evaluated in this article.

Private sector banks have a vital part in the development of the Indian economy, 
according to B.Satish Kumar (2008) in his work on an examination of their finan-
cial performance. There were considerable changes in the banking business after 
the liberalisation. The banking sector has completely changed as a result of the 
economic changes. In accordance with the Narashiman committee's recommen-
dations, the RBI allowed the establishment of new private sector banks. Public 
sector banks dominated the Indian banking sector. New generation banks with 
technology and competent management have achieved a respectable position in 
the banking business, but, as circumstances have changed.

Bank performance is increasingly essential in the modern world, according to a 
2006 study by Vradi, Vijay, Mauluri, Nagarjuna, and their colleagues.

It is necessary to look at key metrics such as profitability, productivity, assets, 
quality, and financial management for both public and private Indian banks over 
the years 2000 and 1999 to 2002-2003 in order to assess the efficiency of the 
financial system in India. We used development envelopment analysis to gauge 
bank efficiency and discovered that public sector banks in India outperform all 
others.

Petya Koeva (July 2003) in his study on the Performance of Indian Banks. New 
empirical information on the influence of financial liberalisation on the perfor-
mance of Indian commercial banks was presented during Financial Liberaliza-
tion. During the period of liberalisation, the study examines the costs and profits 
of bank intermediation. Observed increases in competition during financial 
liberalisation have been linked to decreased intermediation costs as well as 
higher profitability for Indian banks, according to the empirical findings.

RESEARCH OBJECTIVE:
1. To analyse financial performance of selected public banks of India

2. To compare the financial performance of selected PSU banks

RESEARCH METHODOLOGY:
Sources of Data:
Secondary sources of data utilised for this proposed research study

Secondary data have been collected from Annual Reports. 

Universe:
In the research study selected 3 public banks. 

Period of Data Coverage:
Five years of financial statements has been analysed for public banks taken under 
study. 

Analysis of Data:
The proposed statistical tools for the analysis of data are ratio analysis
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study.
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DATA ANALYSIS:

The Loans Turnover ratio table shows that State Bank of India has the highest 
value, followed by Bank of Baroda and finally Bank of India. As a result, the 
State Bank of India generates the most revenue, which is needed to repay its 
loans.

SBI, BOB, and BOI all keep a larger percentage of their revenue as net income, as 
can be seen from the Net Profit Margin ratio chart shown above.

This graph shows that BOB has the highest operational expenses / total funds 
average ratio in the past five years. It demonstrates that BOB has the best ability 
to use its average total resources to improve its main stream of operating 
expenses. To improve its main stream of operating expenses, SBI is unable to use 
its average total resources to the greatest extent.

CONCLUSION:
It's possible to deduce from ratio analyses of public sector banks that the net 
profit margin ratio was larger in previous years, i.e. banks retained a bigger per-
centage of their revenue as net income in the earlier years. Public sector banks 
have a lower loan turnover ratio than private sector banks, and public banks have 
a higher outstanding loan balance compared to revenues. The State Bank of India 
has the greatest potential to leverage its average total resources in order to 
improve its primary operating expenses stream. State Bank of India. The average 
total resources of public banks can be used to increase their primary source of 
operating interest income.
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Loans Turnover

Bank Name 2020-21 2019-20 2018-19 2017-18 2016-17

State Bank of India 0.11 0.12 0.12 0.12 0.12

Bank of India 0.11 0.12 0.12 0.11 0.11

Bank of Baroda 0.10 0.13 0.11 0.11 0.11

Net Profit Margin

Bank Name 2020-21 2019-20 2018-19 2017-18 2016-17

State Bank of India 8.05 7.32 0.90 -1.98 0.10

Bank of India 0.11 0.12 0.12 0.11 0.11

Bank of Baroda 1.17 0.71 0.87 -5.57 3.27

Operating Expense / Total Funds

Bank Name 2020-21 2019-20 2018-19 2017-18 2016-17

State Bank of India 3.27 3.19 2.99 2.66 2.61

Bank of India 2.64 3.61 3.40 2.74 3.39

Bank of Baroda 2.97 3.91 3.09 3.41 2.53
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Abstract- Advertising
is an mporlani component of

ole of
ementand consumer behavior

have a strong relation. Theral

advertisement
is to influence

the consumer decision-makino

influence
consumer decisions in all stages based on the

advertisinggoals.
This study is intended to analvze d ng

act
amd

of
lakeadvertisement

on consumer behavior. Most ofthe respondents have

advertising aspromotional
tools that can comvince thecustomers to Ken

products. The study shows that the customers are highly affected

advertisementas it creates curiosity
on the customers and it Drovid

information oftheproducts,which is alsoimportanl Jor
thecustomersbefore

boving any goods andservices.
So there is aposiliveimpactofadvertisement

onconsumer behavior

Keywords-Impact, Advertisement,Consumer,
Behavior

Introduction-The advertisementmust show what the productis all about.It

should, in a way give some
kind of information

about its price, benefits,

usage, availability and so on.The influenceofadvertisingin everyday life is

greater thanmany people realize. This is because the effects ofadvertising

often work in subtle ways, to the point that many people do not even realize

that they are being marketed to when they alter their behavior after

encountering
advertisements.Advertising is such a powerful psychological

tool that an entire field of study dedicated to unlocking how advertising

influences consumer behavior has been developed and continues to be

explored today. Advertisers also study consumers' behaviornot only to reach

them but also to get their feedback and their reactions toward the sold

products. Consumer behavior focuseson how individuals make decisions to

spend their available resources such as time, effort, money etc. on

consumptions related items.That includes what they buy, when they buy,

why they buy,where they buy,how often they buy,how often they
use, how

they evaluate after the purchase and use it and impact of evaluations on

future purchase and how they dispose it (Schiffman&Kanuk,

2009).Consumer
behavior is the study of the processes

involved when

individuals
or groups select, purchase,use or dispose

of products, services.

ideas or experiencesto satisfy needs and desires.Advertising is
a
way o

communication toconvince an audience fortaking purchase decisioniddaui,

product
or service and delivering information to viewers (Niazi,

Siadyas

Shah,&Hunjra, 2012).

Statement
of the Research Problem- It is important to catch theres

problem.Present studywas commenced with the followingtitle:
"AStuy

h
on

stant Protessor, Commerce, GES Class-II, Gujarat Commerce
College,Annicu
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hod was used forthe
studywas

descriptive
selectedasa

sample.
Convenience sampling

method Was.
50wOm

describes
the way ofovercoming

thefacts, problems.

Research
Tool- The research is the collectionofadequate

reliable
facts abouttheproblem under investigation.Interview

scheand

usedasaresearch tool inpresentstudy.

Development
of the Interview Schedule- For good communication

understanding
researcher has laken prior appointments andand

introduced
the purposeofstudy

and alsodiscussedwith them theimnor

of the study before conducting the personal interview.An appropriate

interview schedulewas developed
on the basis of the formedobiectivo

the studyandlibrary
research. The schedule consisted

ofdifferent questions

covering
various aspects..The Part "A"of the Schedule dealt with-the personal details:lt

included the personal
details of the respondents like name of the

person, age,birth date, religion,
etc.

2. The Part "B" deals with advertisement and consumer

acc
rate, and

was

and

behaviour-Itincludedthe questionspertainingtofactors influenced

on consumer behaviour,buying decisionsand advertisementimpact

related questions.

Pre-testing of the Interview Schedule for the Present Study- To seethe

work abilityofthepreparedInterviewSchedule a Pilot Study was carried out

on some persons. The InterviewSchedule was translated into Gujarati
for

easy communication and better understanding. The interview was

conducted in Gujarati language and the responseswere recorded in English.

The pretesting revealed that the questionnaire was explicit
and clear to the

respondents. A few modifications in the InterviewSchedule were necessary

and made after pretesting to increase the validity of the Schedule.Those

changes were mainly in phrasing and restructuring the sequence of the

questions in interview schedule.

Data Collection- Data were collected throughprimary sourcesto obtain the

objectives of the research. The data was collected through interview
schedule. Comprehensive literature reviews was made to analyzethe impact

ofadvertisement inconsumer behavior.

Data Analysisand Interpretation-The result and discussion have been

presented
underthe following research questions:

Question no.1- What are the factors influencing consumer buying
decisions?

According to respondentsresponsethere were so many factors that

infiuenced
the buying decision like economical factor, functional factor

individual
or personal factor, mix factor, social factor and psychological

1actors.
Mostofwomen gave importanceon economical factor and fashion

factor.

Question no.2 -Does an advertisement have any impacton consumers'
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processes are
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Objectives

of the study-The objectives ofthe study provide a directionto

conclusion
ectives.

Thtives.The objectivesofthestudy are as follows:

Toanalyze theconsumer buying behavior

Toexaminethe impactofadvertisementonconsumer behavior
Resea Questions-The studystartswiththefollowing questions:1.What arethe factors

influencing consumer buying decisions?2.Does an advertisement have any impact on consumers' buyingdecisions?

Which advertising media is most effective to convince the
consumers?

VariablesIncluded in the Study- There aresome variablesrelated to the
research. It is necessary to

identify these variablesto know the relations
between them. Following is thedetail

of thevariablesincluded in thepresent
research.

Independentvariable:

Dependent variable:

Controlled variable:

Advertisement
Consumer Behaviour

Year 2020-21
Gender Women
Area Ahmadabad City

Grant in AidCollege

Scope of the Research- The scope of research of the present study was
related with so many fields, which are given below-

1. Education

2. Commerce
3. Marketing

4. Advertisements

5. Research

Delimitations of theStudy-

1. Present study is delimitedto women only.

Present study isdelimitedto grantin aid commerce college only.

3. Presentstudy is delimitedto Ahmadabad city only.

4. Presentstudy is delimited to academic year2020-21only.

Limitations
oftheStudy-

Presentstudy analysesonly
the effect ofadvertisement

inconsumer

buying
decisions.

Type
of Reseaof Research-Thus

the type of present research was qualitative

research
accord

Population-

Won

theacademic
year2020-21

Sampling-
Pres

2

rding to its implementation orm.

men who studied in grantin aid commerce colleges during

2020-21 were selected aspopulation.

resentstudy
isi ntended to analyzethe impactofadvertisement
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Resea

huyingdecCIsions?

From the response analysis from the respondents researcher have

drawn
the conclusion that advertisement can change and have impact on

Consumers' buying decision. Most ofrespondents said this advertisement

have more impactonbuying decisions.

Ouestion no.3 Which advertising media is most effective toconvince
theconsumers?

There were vast different opinions get from responds, but everyone
said the advertising media is most effective to convince the consumers.
Most of women said theyweremore affected byTV advertisementandin the
view of some women of them radio advertisement is more effective and
some women said printmedia is moreeffectivetoconvince theconsumers.
Conclusion- The study has been doneto analyze the consumer behaviorin
purchasing decision and examinethe impact ofadvertisement in buying
behavior of consumers. According to the respondents taken for the study
there is positive impact of advertising on consumer behavior. Mostofthe
respondents have taken advertising as promotional tools that can convince
the customers towards the products and Salespromotion is takenasthe key
function of advertisement to attractthem. According to the respondents
television is more effective media to influence and convince the audience
towards the advertisement products. The studyshowsthatthecustomers are
highly accepted by the advertisement as it

createscuriosityon thecustomers.There was positive impact of advertisement on consumer behaviour but
according to therespondents most ofthe people also think about theirneeds
before buying goods and services.
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Abstract  

Our cultural heritage has been presented on many different materials, including stone, 

vellum, bamboo, silk, paper and etc. these all materials for information storage had been 

found in physical medias. That time the attention had been focused only on preserving 

physical media. Now a day a variety of information exists in digital forms, including emails, 

blogs, social networking websites, national elections websites, web photo albums, etc.US 

Library of Congress, had reported(1998) that 44% of the sites available on the internet. It 

means technology help us to access the cultural heritage from storage of digital memory. 

However technology creates some opportunity as well as raise challenges also. Libraries and 

information professionals are now being challenged by new technology; Like multimedia, 

internet, www, and other virtual computer technology. The environmental, legal, ethical and 

technological challenges create some major issues to retrieve and preserve the digital 

information. So the responsibility of librarian and information technology professionals has 

been wider. The paramount need is to create a well-organized digital preservation strategy 

for modern library. The researchers have tried to define digital preservation of library 

resources. The present paper flew the light on the challenges of digital preservation and 

recommends the suitable strategy implement for digital preservation. They also focus on 

proposed model for strategic planning for digital preservation. 

Keywords:  

Preservation, Digital Preservation, Challenges- Ethical, Political, Economical, Technical and 

Legal, Strategy for digital preservation    , Proposed Model for Strategic Planning for Digital 

Preservation 

Introduction: 

 The rapid growing technology has paved a revolutionary change in Library & 

information technology. Day by day information has taken place from physical media to 

digitized form. So, it is essential to know how to prevent it. Information created, stored and 

access digitally is at risk for loss in two important ways; obsolescence and physical damage. 

Obsolescence can affect hardware, software and even the arrangement of the data in a stored 

file. Physical damage can occur to multiple components required to access digital 
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information, namely hardware and media. Digital preservation seeks to achieve longevity of 

the digital object with all its original properties intact. The issue of long term preservation of 

digital data has become a critical issue with many diverse groups and organisations 

recognizing the need to preserve digital documents before they fall victim to digital 

obsolescence.  

Scope of the paper 

This paper seeks to address what is digital preservation. It focuses issues related to digital 

preservation like; environmental, ethical and legal. The issues covered in three steps. The 

first step is an overview of the background to preserving digital resources that has developed 

in response to the concerns of digital and research libraries. The second step will assess the 

challenges and the third will consider recommended mechanisms for libraries to develop 

strategies that support the long term retention of digitised data. The researchers have 

discussed on proposed model for strategic planning for digital preservation. The paper also 

highlights some policy matters on digital preservation. Researchers also tried to provide some 

historical background on digital preservation. 

LITERATURE REVIEW  

Digital preservation means, “the process of maintaining in a condition suitable for use, 

materials produced in digital format.(veer, 2009).  

Digital preservation aims at taking steps to ensure the longevity of electronic 

documents. It applies to document that are either born digital and stored in online platform or 

CD/DVDs . it means digital preservation needs high range of strategic planning. There has 

been concern about preservation of primary research data and records in digital formats in the 

library community internationally as early as in the 1990s. In 1996 the Commission of 

Preservation and Access (CPA) and the Research Libraries Group (RLG) in the USA 
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published a joint report on Preserving digital information which identified problems, made 

recommendations and suggested areas for further research (Garrett et.al, 1996). In the UK, in 

November 1995, the Joint Information System Committee (JISC) of the Higher Education 

Funding Councils and the British Library addressed the question of the preservation of digital 

media by holding a national conference in Warwick, where a number of action points were 

identified (Fresco, 1996).  

Since then extensive studies and collaborative efforts on preservation of digital data 

and records were undertaken by the library, archival and publishing communities in the UK. 

The first study (Bennett, 1997) developed a framework of data types and formats, in order to 

indicate the likely problems, requirements and responsibilities appropriate to each category, 

and to identify the most appropriate method of preservation. 

The literature suggests that, within the Asia and Southeast Asian region, centralized 

data archives are yet to be established. 

CASE STUDIES HAVE BEEN CARRIED OUT ON DIGITAL 

PRESERVATION IN VARIOUS PALCES OF UNITED KINGDOM: 

DORSET HISTORY CENTRE 

This case study discuss A local governments archive service, and its use of Preservica Cloud 

Edition - a cloud-based digital preservation service. It explains the organisational context of 

the archive, the nature of its digital preservation requirements and approaches, its one year 

pilot project using Preservica Cloud Edition, the archive’s technical infrastructure, and the 

business case and funding for the pilot. It concludes with the key lessons they have learnt and 

future plans. 
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TATE GALLERY  

This case study discusses the experience of developing a shared digital archive for the Tate’s 

four physical locations (Liverpool, St. Ives, and two in London), powered by a commercial 

storage system from Arkivum. It explains the organisational context of the Gallery, the nature 

of their digital preservation requirements and approaches, and their rationale for selecting 

Arkivum’s on-premise solution, OSCAR (On-Site Cloud ARchive) in preference to cloud-

based offerings from Arkivum and others. It concludes with the key lessons learned, and 

discusses plans for future development. 

BODLEIAN LIBRARY, UNIVERSITY OF OXFORD  

This case study covers the Bodleian Library and the University of Oxford, and their provision 

of a “private cloud” local infrastructure for its digital collections including digitised books, 

images and multimedia, research data, and catalogues. It explains the organisational context, 

the nature of its digital preservation requirements and approaches, its storage services for 

research data, the technical infrastructure, and the business case and funding. It concludes 

with the key lessons they have learnt and future plans. 

THE PARLIAMENTARY ARCHIVES  

This case study covers the Parliamentary Archives and their experience of procuring via the 

G-Cloud framework and running public cloud storage as part of their digital preservation 

infrastructure. For extra resilience/an exit strategy they have selected two cloud service 

providers with different underlying storage infrastructures. The archive is not storing 

sensitive material in the cloud and is using local storage systems for that material. It has a 

locally installed preservation system (Preservica Enterprise Edition) which is integrated with 

cloud and local storage. As such it is an example of an archive using a hybrid set of storage 
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solutions part-public cloud and part-locally installed for digital preservation. 

ARCHIVES & RECORDS COUNCIL WALES DIGITAL PRESERVATION 

CONSORTIUM  

This case study discusses the experience of a cross-sectoral consortium of Welsh archives as 

they cooperated to pilot deployment of the open source Archivematica software with 

Microsoft’s Windows Azure public cloud service. It explains the organisational context of the 

consortium, the varied nature of their digital preservation requirements and approaches, and 

their experience with selecting, deploying and testing Archivematica in the cloud. It 

concludes with the key lessons they learned, and discusses current proposals to secure grant 

funding in order to move this pilot into operation. 

RESEARCH PROJECTS ON DIGITAL PRESERVATION  

Voutssas (2012) argued that initially digital preservation projects in the past tended to focus 

on the endurance of CD’s and DVD’s, tapes and other storage devices, and its artificial aging 

and how to keep them safely. However in the later part of the 20th century, the literature 

suggested that large amount of writings were focusing on the issues of philosophical 

underpinnings and technical aspects of digital preservation. 

Here researchers, have try to provide some past and present international projects list 

which was initiated in earlier on digital preservation, so the next generation would be 

benefited to be familiar with how the development has been made for digital preservation 

around the world. As mention below 

Table 1. Past and Present International Projects on Digital Preservation 

Research Projects  Year of Commencement  

Victorian E-Records Strategy (VERS)  1990s  
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Exemplars in Digital Archives (CEDARS)  1990s  

Creative Archiving at Michigan and Leeds: 

emulating the old on the new (CAMiLEON)  

1990s  

University of Pittsburg project  1990s  

University of Indiana project  1990s  

University of Yale project  1990s  

Preserving access to digital information 

(PADI)  

1998  

The Dutch Digitale Bewaring (Digital 

Preservation testbed) project  

2002  

Network Excellence on Digital Libraries 

(DELOS)  

2004-2007  

The Long-Term Preservation Metadata for E-

Records (LMER)  

2005  

Minnesota Historical Society  2005 - 2007  

Effective Strategic Model for the Preservation 

and Disposal of Institutional Digital Assets 

(ESPIDA)  

2005 - 2007  

Clever Recordkeeping Metadata Project 

(CRKM)  

2007  

Life-Cycle Information for E-Literature 

(LIFE)  

2007  

Investigating Significant Properties of 

Electronic Content (InSPECT) Project  

2007 - 2008  

Digital Archiving in Flemish Institutions and 2007/2008  
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Administrations (DAVID)  

Managing the Digital University Desktop 

(MDUD)  

2007/2008  

Co-operative Development of a Long-term 

Digital Information Archives (KOPAL)  

2007/2008  

Cultural, Artistic and Scientific Knowledge for 

Preservation, Access and Retrieval (CASPAR)  

2007/2008  

Securing a Hybrid Environment for Research 

Preservation and Access Development Partner 

(SHERPA DP2)  

2007/2008  

Repository for Preservation of Authentic 

Digital Records (RODA)  

2007/2008  

Service-Oriented Architecture for Preservation 

and Ingest of Digital objects (SOAPI)  

2007–2008  

Digital Repository Infrastructure Vision for 

European Research (DRIVER)  

2009  

Preservation E-print Services (PRESERV)  2009  

Exploring Collaborations to Harness Objects 

in a Digital Environment for Preservation 

(ECHO Depository)  

2009  

Data Preservation Alliance for the Social 

Science (Data-PASS)  

2009  

Preservation and Long-term Access through 

Networked Services (PLANETS)  

2009  

Metadata Encoding and Transmission 2009  
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Standard (METS)  

Image Spatial Data Analysis Group 

(ISDA/Ip2Learn)  

2009  

Digital Preservation Europe (DPE)  2009  

International Research Project on Permanent 

Authentic Records in Electronic Systems 

(InterPARES 1, 2 & 3)  

1996 - 2012  

InterPARES 4- Trust and Digital Records in 

an Increasingly Networked Society  

2013  

Source : Irwan Kamaruddin (2014)  

Definition of the terms:  

Digital preservation  

Digital preservation is the active safekeeping of digitally stored information. As a part of the 

formalized efforts of library and archival sciences, digital preservation includes the practices 

required to ensure that information is safe from medium failures as well as software and 

hardware obsolescence. 

Preservation 

Preservation includes all the managerial and financial considerations including storage and 

accommodation provisions, staffing levels, policies, techniques and methods involved in 

preserving library and archive materials and information contained in them. 

Challenges  

A challenge is something new and difficult which requires great effort and determination. 
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Strategies 

Strategic means relating to the most important, general aspects of something such as a 

military operation or political policy, especially when these are decided in advance. 

Why Worry About Digital Preservation? 

Society's heritage has been presented on many different materials, including stone, vellum, 

bamboo, silk, paper and etc. Now a large quantity of information exists in digital forms, 

including emails, blogs, social networking websites, national elections websites, web photo 

albums, and sites which change their content over time. However, technologies create some 

opportunity as well as raise some challenges also. Therefore the responsibility of librarian 

and information professional has become wider in terms of techno savvy person. The 

paramount need is to create a well-organized digital preservation strategy for modern library. 

What Is Digital Preservation? 

Morrow defined preservation as “The action taken to prevent, stop or retard deterioration” it 

means Digital preservation…refers to all of the actions required to maintain access to digital 

materials beyond the limits of media failure or technological change. In other words Digital 

preservation refers to the series of managed activities necessary to ensure continued access to 

digital materials for as long as necessary.  

What Digital PRESERVATION IS Not occur  

• Reformatting from print to digital for access surrogates or product line expansion 

• Back-up or byte storage on various media 

• Mirror sites or networks designed for reliable delivery 

• Carried out within delivery systems 

• Active content management designed to ensure enduring usability, authenticity and 

accessibility over the very long-term 
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Core Requirements for Digital Preservation 

Preservation of digital source is as important as collection development. So some key 

requirement needed for it. Following are the core requirement.  

• Third-party with an organizational mission to carry out preservation 

• A sustainable economic model able to support preservation activities over the targeted 

timeframe 

• Technological infrastructure able to support selected preservation strategy and best 

practices 

• Clear legal rights and relationships with content providers and (eventual) users 

• Compliance with digital preservation standards and best practices 

•   OAIS:  Open Archives Information Systems 

• TRAC:  Trustworthy Repositories Audit and Certification 

• DRAMBORA: Digital Repository Audit Method Based on Risk Assessment 

Aspects of Digital Preservation 

According to Graham (1997), digital preservation problems are associated with three distinct 

aspects which are mention below. 

• Medium preservation – the preservation of the physical media on which the bits and 

bytes of electronic information reside. 

• Technology preservation – refreshing of technologies from old to new as they become 

available. 

• Intellectual preservation – addressing the integrity and authenticity of the information 

as originally recorded. 
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Challenges of Digital Preservation  

“The root of the digital preservation problem is technological, but any proposed solution also 

needs to take an account of organizational and economic issues. Almost all kinds of digital 

information need to be interpreted by machines before they can become intelligible to 

humans.” 

Legal & Ethical Challenges 

(1) Digital preservation often occurs while materials are still under copyright – can we 

reproduce, reformat, or migrate these materials? 

(2) Many digital materials are obtained through license or subscription.  These materials 

are outside custody of institutions with mandate to preserve – how can one preserve 

something that he/she doesn’t really own? 

(3) Can we preserve Web sites hosted by others? 

Economic challenges 

(1) Large sums of money are invested in digitizing materials, and these digital assets need 

to be managed and preserved. 

(2) Digital preservation is costly.  

(3) Economic sustainability – Digital preservation is not an one-off, short-term operation.  

It’s a long-term obligation and continuous effort. 

Organizational Challenges 

Most of the challenges associated with digital preservation are organization – not technical, 

e.g.    

(1) Creators of digital information ≠Owners of server space 

(2) Supporting infrastructure 
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(3) Trusted and empowered organizations or repositories Certification process  

Technical Challenges 

(1) Improve cost efficiency and affordability 

(2) Under standing how to préserve High-volume rapidly changing content 

(3) Anticipation of future contextes of use  

(4) Standards – and support for inter operability 

Strategic planning  

“Strategic planning is a management activity often used by businesses to better focus their 

energy, establish priorities, and strengthen operations to achieve targeted goals.” 

Library have variety of resources which may needs to preserve or stored in digital format , so 

future generation can be utilize without any difficulty. As we know strategic planning is not a 

simple process. It is purely managerial activities. Here, researchers have tried to focus what 

strategies should be applied before and after digital preservation of library resources.   

Table : 1 Proposed Model for Strategic Planning for Digital Preservation 

Sr. 

No 

Input of thoughts Framing Activities Out put  

A Top management  

Librarian and Authority  

Technical structure  Final digitized product  

B Decision making on  

Tools to be used 

Financial assistance 

Technological  

Build repo with 

humans and 

technology 

Bibliographic data set  

C Allocation of resources 

Human  

Technology 

Test trial version Institutional repository  
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Co-ordination   

Evaluation  

D Develop alternate 

solution  

Team work  High Satisfaction  

 

Figure 1. Proposed Model for Strategic Planning for Digital Preservation 

Dr. S.R. Ranganathan’s philosophy for classification works on three basic principles. The 

Idea Level, The verbal level and the Notational level. According to Dr. Ranganathan’s 

philosophy human mind is the place of origin of ideas. The creators of ideas need self –

communication within the mind in order to create more ideas. Language is the medium for 

communication of ideas. Written language made communication even more widespread then 

spoken language. This philosophy is rich in its content and leads towards more practical 

solution in today’s era in a scientific way. As a professional when we frame the work 

situations according to these principle its look like  

 

Idea plane   Verbal plane    Notational plane 
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Input of thoughts Framing Activities  Output of product 

 

Idea level planning: Input of thoughts 

Let’s discuss all in brief 

Top Management (Librarian and Authority) 

The vision, mission and goals of every institute or library have its own. The main function of 

library is to serve society information timely and take possible steps to conserve resources for 

future references. Here librarian’s moral duty is to assure guarantee for preservation of 

documentary and non-documentary sources to easy access of future generation. As we know, 

Library is a social institution and dedicated to knowledge dissemination for providing better 

human civilization to society. Here, one question arise that, who is responsible for 

preservation of library resources? The answer is everybody is responsible for conserving and 

preserving the library resources who are directly or indirectly users of library resources or an 

employee of library or institutions. As an authority of the institution or library the director, 

HR person and an employees of this institution the all are responsible for enhancing library 

services. They should take responsibility and make possible arrangement for necessary 

equipment for library personal and person who are engaged with digital preservation work.   

Decision Making:  

Digital preservation involves series of activities and an organizational structure in all its 

dimensions. Librarian and authorities of institution should concentrate on decision making 

like. 

• Tools to be used- for digital preservation which tools be useful should be categorised 

and arrange according to requirements.  
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• Financial assistance- assures and fixes the party or person who will be responsible for 

all the financial assistance whenever needed for the project. It is advisable to get 

advance payment at time of project approval.   

• Technology –refers to which type of techniques, tools and software should be applied 

for digital preservation is considered must. When the project taken for digital 

preservation for “paper to digital” or “born digital” needs lots of efforts, tools 

techniques, equipment and hardware, software tools. It assumed that an employee’s 

having basic computer knowledge may be considered.   

Allocation of resources  

It is important to have clear ideas of digital preservation project among the staffs. Before 

starting any procedures the Authorized person should study the details information regarding 

the policies, operations in written documents. How they may be utilized to fulfill institutional 

goals and objectives. Let’s discuss    

 Human  

The most preferable resources are humans; which will be utilized for preservation and 

digitalization of library resources. Selection of the person related to digitization work made 

by interview and observation. It is necessary to identify qualify and devoted person for this 

noble work. This activity creates awareness among the staff and made concentration on 

shared responsibilities of what to preserve and what extent the library will acquire and retain 

material would be digitization. 

Technology 

There is no definable strategy to used technology for digital preservation. It is defers 
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according to size of institutes , size of holding resources in library , the potential users and the 

amount of budget spent on the project on digital preservation. It’s depending on logical 

decision taken by authorised person. The most convenient and preferable technological tools 

are describe as follows 

Wide format scanner (8.5” * 14 or 8.5” *11.5) 

Book scanner with V shaped cradle  

Dark rooms with lighting  

Servers with high storage capacity 

Backup equipment’s like; Tap Drives, hard drivers, DVD writers, Cloud and Virtual space  

Computers, Hard ware and Software  

Standards for Architecture: ISO/DIS 15489, AS 4390, DOD 5015.2 STD, OAIS  

Standards for digital Content: PDF, XML, Dublin core, MARC, Z39.50  

Standards for interoperability: ODMA, DMA,  

Co-ordination 

According to Merriam Webster “Co-ordination is the process of organizing people or groups 

so that they work together properly and well” 

For library professionals and IT professional digital preservation is a big challenge to tackle 

with information technology and connect an employee as a human. Means proper co-

ordination and command needs in written documents than they work smoothly. Here, library 

professionals and IT professionals experience as well as knowledge towards digital 
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preservation helps them to run the project step by step as smoothly.        

Evaluation 

As we discussed library is a mirror of knowledge society and serves for society. It is assumed 

that a small mistake can leads wrong interpretation of documents or presentation which is 

digitized. Before completing whole library materials to be digitized, an evaluation process 

has been carried out after some content were digitized or born to digital. So the errors or 

small mistakes can be removed at the trial stage. 

Develop alternate solution   

When library or institute get approval for digitization of library holdings, it is necessary to 

work out future obstacles’ also.  Because  

• When you are pioneering some activities it is going to be most costly, might be this 

cost effect the whole budget. 

• Technology change is so rapid, might be outdated soon. Cost spent on technology 

may be worthless.    

• Getting skilled employees for smooth running project for long term without any 

disturbance is a question mark for project directors.  

• So, it is important ingredient for deciding how to develop alternate solutions. All 

these situations need an excellent project director to have expertise to handle critical 

situation.      
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Verbal level Planning: Framing Activities  

Technical structure 

The digitization project is run by the director who is in-charge of all operation related to 

digital preservation carried out by library or an institute. He/ she are the authority of co-

ordinating, directing and guiding to employees. The project director reports to librarian, 

librarian reports to institutes head. As a project director he/ she have to fix vision, mission 

and fix the goals. According to this, project director have to plan and execute technical 

structure and co-ordinate their employees with their assign work. A working blue print has to 

prepared and gave demonstration in meetings also. This will creates awareness among the 

employee, colleague, librarian and the head of the institution. The main area of discussion 

considered follow items or content.  

Find out sources to be digitized 

Digital preservation concerns two types of documents namely “born digital documents” and 

“digital created documents”.  As library have variety of collection in terms of printed and 

non-printed items like books, journals, newspaper, manuscript, documents and other grey 

literature. So, the pre-requisite is to identify the source (in terms of documents) which would 

go to be digitized.  These activities ensure that the preserved digital materials are authentic 

and valuable. So, it is important to identify most preferable and valuable sources to be 

digitized. Like  

• Costly books, most utilised books and articles 

• Rare books which were going to out of print  

• Most preferable items which were suggested by users, publishers, experts etc.  
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 Observation and notified items  

Digital preservation also concerns with preserving damaged and deteriorate items. So 

preservation of damaged and deteriorate physical media in to digital media, needs the basic 

requirements must have to checkout   

• The condition of resources in terms of overall condition of require items 

• Identified items which are especially poor in terms of (Torn items, rare items, stop 

publication ) 

• Identified the most risky and old collections 

• What is the alternate and possible direction for preservation of materials?   

• Duplication of items should be avoided  

Combination of sources  

Selection for digital preservation of items is multi-stage and contents range of activities. 

Every step needs different methods to proceed. It is necessary to select proper items which 

have longevity in terms of usage and storage. After selecting proper physical media or 

documents it is necessary to give identification to sources like  

• Collection should be notifying with some identical codes or numbering patterns  

• Make list accordingly 

• Stored in different space or reserve separate cupboard for easily identify and labelled 

them  

• Stop for transaction for this separate collection  

Fix the source which would be adopt 

Organizational structure is also important factor for acquiring funds or financial assistance. 
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Majority of libraries or institutions have its own powerful link with state government and 

national level bodies. As we know library is growing organism and not for profit making 

service factor. It is totally depends on government and public funds. Some autonomous 

institute have their own financial funding agencies. As related to preservation of library 

collection needs excessive library funds. Here the authority and project director plays vital 

role in creating most preferable source for financial assistance. Final decision depends on 

authority how they fix the sources without any interruption for financial needs.  

Time management 

“Time management” refers to the way that you organize and plan how long you spend on 

specific activities.” 

How much time needs to digital preservation activities should be calculate for every 

stage and gave algorithm to staff for wok accordingly and make assure to follow the rules 

strictly. This will help out to get benefit in cost effective ways.  

SWOT analysis 

“SWOT (strengths, weaknesses, opportunities, and threats) analysis is a framework used to 

evaluate a company's competitive position and to develop strategic planning. SWOT analysis 

assesses internal and external factors, as well as current and future potential.” 

When institute or library is working on this important project, it is essential to check 

out the possible strength, weakness, opportunity and traits also.  This analysis will help to 

identify present situation and how the institute can take advantages of his strengths and 

moderate his weakness into opportunity to bring out new inventions, it would be helpful for 

smooth running for the said project. Ex. Books and documents damage is a weakness of any 

library. A clever project director can covert this weakness in opportunity and make possible 
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arrangement to traits financial and organizational barriers with strong funding agency. He 

creates digital platform and make best ROI (return on investment) through subscription base 

document delivery.   

Notation level  

After completing thinking process the project director should maintain all the files in written 

form, as specially workflow charts and coding language. This might be easier to follow and 

moderate all functions regarding digital preservation.  

Execute Technical Process   

Execute technical process in terms of operational level work assigned. The flow chart of 

assign work contents as follows  

Codification of compiled items 

Digital transformation needs lots of attention at time of scanning or image captured. A small 

mistake can overload the task of replication work. To survive with computers and 

information technology era, proper coding and interpretation of documents needed. Failing in 

this it is meaningless activities of “o” and “1” without interpretation. Means convert binary 

document from physical structure. 

Digital preservation involves set of activities with access right for longevity of data. 

Proper identification and coding of electronic documents vice versa physical documents are 

primary activities of digitization of resources.  Ex. A well define class numbers require same 

as physical and digital documents and they must be unique in nature. So everybody can 

identify easily.  
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Making decision for quality control 

Digital contents needs quality in three phases, first at time designing workflow, second at 

time of digital image capture or scanning how it is selected and handled. Third one is access 

and downloads time with user’s friendly in its nature. This may require quality control at 

every stage and gave guarantee for produce first product output as same level whenever and 

whatever time it will retrieve for usage. Means, maintain consistency in quality work despite 

the technological changes occur. It will be able migrate data in to other format also. Like 

word to PDF, mp3 to mp 4 and so on.     

Special treatments of rare items  

Form Stone Age to digital Age, library holdings gets variety of information sources like; 

manuscripts, clay books, paper books, original copies, Maps, charts, diagram, photographic 

materials, microfilms, films, documentary , recordings, CDs, DVDs, etc. all these materials 

needs to preserve from deteriorations of various hazards like Environmental, biological, 

chemical , natural and disasters , human related. All these hazards affect the original product 

and harm the quality of library holding.   

Environmental factors- temperature, humidity, light and dust 

Biological factors-fungi, Insects, other parasites 

Chemical Factors- Chemical product used in production  

Disasters and Natural Factors – Floods, Earth quack, Hurricane, Volcanic  

                                                   Eruptions, Sand storm     

All this printed and non-book materials needs special treatment like; 

Treatment for environmental hazards: to maintain library resources properly, the 

environmental condition/ storage condition should scientific monitored. Proper lighting, 
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ventilation, Air and temperature should be maintained. Cleanliness of library resources, 

shelves should be maintained and check by periodically. 

Treatment for Biological hazards: in order to biological hazards; strictly banned food 

and drinks inside the library. Prevent with insect used naphthalene bricks on the shelves, 

periodically spray dry neem powder and placed the camphor tablets inside the shelves for 

pest control.   

Treatment for Chemical hazards: books/ documents kept indoors are better protected 

then books/documents kept outside. This will prevent records from dust, chemical reaction of 

papers used in paper making process and binding process. Torn and damaged resources 

should be maintained with lamination, re-binding, re-pairing and restoring with excellent 

quality equipment’s. 

Treatment for disasters and natural hazards: library should plan proper disasters 

management systems and this will checked and tracked on regular basis. The building 

maintenance, water and air facilities, drainage and flood resistance systems, fire alarm 

security should checked and maintained on periodic times. Certification, verification and 

updating of equipment’s also are done by regular systems for preventive natural hazards.  It 

advisable to get best quality scanning and digital output of library resources, the digital 

preservation process should be start after proper maintaining of physical library resources or 

documents.  

Convert in to Meta data and Bibliographic work 

Archiving and preserving of library resources/documents involves using standardized format 

of data captured and migration process. This will help out to recall deteriorate data. The 

fundamentals requirements is the validation of digital documents should be done with Meta 

data standards including EAD (encoding archives description for discovering guidelines and 
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EACs encoding archive materials). It advisable to get access of data put bibliographic work 

on local hard disks as well as institutional websites also. 

Build repo with humans and technology  

Working with technology needs suitable integration and collaboration with technology as 

well as humans. So the project director should make some guidelines for completing the task 

of digital preservation. This may include; 

• Pin point key functions and task may drawn out for this project  

• Provide manuals to project head, how the functional and organizational units would 

be worked with supporting staffs. 

• Determine degrees of authority needed to manage each units 

• Provide co-ordination among the functional and organizational units 

• Negotiate with hard ware/ software agencies , which they are responsible for assigned 

work at every stages like; at the time of beginning, at time of completion and at time 

of execution of work, to get better result the policy should remain to maintain the 

continuity of work       

Test trial version  

To ensure access to digital materials, which are under process and repositories of particular 

institutions? It is advisable to test trial version first. After getting remarkable notification for 

successful operations of various levels it should be linked with institutional website.    

Team work  

Team work is essential elements for every institutions, industry or firm. As we know 

teamwork is the collaborative effort of a group to achieve a common goal or to complete a 
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task in the most effective and efficient way. In this regard when all employees work together, 

then and then the project director would be able to accomplish the digital preservation of 

library resources task.  

Out put  

Final digitized product  

At the end of the digitization process, the final product achieved by institute is that 

documents are digitally produced. This may be in form of “digital born documents” or 

“digitally created documents”. 

Bibliographic data set  

After creating digital product, it is essential to have total bibliographic details on this digital 

product. So, beneficiary can easily retrieve the documents whenever they needed.      

Institutional repository 

The project director of the digital preservation can claim for the institutional repositories. 

Because the final product is planning, prepared, offered and maintain by the parental 

institute.     

High Satisfaction  

High Job- Satisfaction, Institutional satisfaction and work satisfaction itself can be derived 

through the successfully completion of digitization of library resources. It always reflects on 

smiles and working behaviours of employees and user’s feedback as well as institutions 

returns on Invests. ROI 
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Recommended Strategy for digital preservation 

Medium preservation 

• Media renewal or media refreshing like, Copying – transferring data from old storage   

• Media to new storage media with the same format specification 

•  Authentication and accreditation 

• Decrease in physical size & Increase in storage capacity 

 Technology preservation 

• This approach intends to retain the needed original hardware and software 

•  May have an important role for the recovery of data from obsolete storage media and  

Platforms, but it is unlikely to become a viable long-term strategy 

• Digital resources would be to preserve the original software and then to run this on  

• Emulators that would mimic the behavior of the obsolete hardware and operating 

systems 

• Digital data object together with the application software used to create or interpret it 

and a description of the required hardware environment that could be used as a 

specification for an emulator 

 Intellectual preservation 

• Regarding existing législation (especially copyright & IPR) 

• Awareness of the broader scope of the problem 

Policy framework  

Due to technological revolutions and seeking instant information more and more content are 

created, converted in digital format. To maintain Libraries and archival record those who are 
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actively related to digital assets realised for policy matters and intellectual property rights. 

Their Nobel prospects lead them to create policy framework for digital preservation.  

Why policy on digital preservation:  

As we discuss technological revolution made easy transformation of physical media in to 

digital media. Easy availability of information and plagiarism raised some issues towards 

Intellectual property rights and owners identity. Librarians, arc hivers and groups of society 

realize the policy framework on digital preservation. Based on previous studies some 

observation has been made as :   

Lyman and Besser noted, "The long term preservation of information in digital form 

requires not only technical solutions and new organizational strategies, but also the building 

of a new culture that values and supports the survival of bits over time." Beagrie, Semple, 

Williams, and Wright reinforced the idea that "…any long-term access and future benefit 

may be heavily dependent on digital preservation strategies being in place and underpinned 

by relevant policy and procedures and that the digital preservation policy should be integrated 

into business drivers, activities and functions e.g. regulatory compliance, staff development, 

applied technology, academic excellence." 

The Electronic Resource Preservation and Access Network's (ERPANET) Digital 

Policy Preservation Tool suggests that "A policy forms the pillar of a programme for digital 

preservation. It gives general direction for the whole of an organization, and as such it 

remains on a reasonably high level from an external point of view, a written policy is a sign 

that the organization takes the responsibility to preserve digital material." 

Cloonan and Sanett noted, "The lack of preservation policies in place is a distinct gap 

in the research design of many of the projects and possibly reflects a lack of commitment 

among the stakeholders in institutions." 
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Conclusion 

Preservation in the area of digital technology is a shared responsibility.  Library and 

information technology professionals are playing vital role in developing strategies for this 

sustainable issues. The emerging need is to develop high storage medium & work 

collaboratively with professionals & community. It is also needed to create awareness on IPR 

& related issues. It is also require having a healthy coordination among the various parties 

who involved in digital preservation and increase staff expertise with issues of digital 

technology. In views of overall situation the satisfaction reflects on employee’s behaviour 

and face of happy customers.   
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March, Journey to the West �પવૂ�ય અ�ેશયાની લગભગ સાૈથી વધુ �ાિત �ા� કૃિત� કે જેમાં અિૈતહા�સક સતં ઝુઆગં ઝ�ગ અને તમેની ભારત યા�ાનું વણ�ન છે� આ કૃિતમાં લેખક ભગવાન બુ� �ારા લખાયેલ પીઠ�કાનું
સરળ ભાષાંતર કરતા �વેા મળે છે� આ કૃિત ઉપરથી ઘણી બધી કથાઆે સજ�વામાં આવેલ� મીગં સા�ા�ની ચાેથી �ાતનામ કૃિત તર�કે The Plum in the Golden Vase અ ેપાેતાના અ�ીલ િવષયને કારણ ેખુબ જ
ચચા��પદ બની રહેલ�

માે યાન �ારા ઈ�સ� 1983 માં લખાયેલ �રડે સાેરઘમ� આ કૃિતઆેની અનુગામી કહી શકાય� �રડે સાેરઘમ� તનેા શીષ�કની દૃિ�અ ેસા�ંત િવ�માં �વત�તા િવચારાનેી દૃિ�અ�ે પા�ાનેા િન�પણની દૃિ�અ ેતમેજ ભારતીય પિર��ેમાં
ચાઈનીઝ નવલકથાનું ખુબ જ ઉ�કૃ� �િતિનિધ�વ કર ેછે� 

ઉ�ર પૂિ �વ� ય ચીનના ગાઆેમી િવ�તારની �મખુ ઉપજ તર�કે �રડે સાેરઘમ� પાેતાના ઉપ�ઉપણા તમેજ અગ�ના �િતક સમાન ઉપસી આવે છે� �આ િવ�તાર લખેકનું વતન પણ છે�� દાયકાઆેના લાેિહલુહાણ ક�લેઆમથી



ખરડાયેલા ઇિતહાસ વ�ચ ે�રડે સાેરઘમ� પાેતાની અલગ ઉપ�ઉપણાથી સતત �વન જ�ર� ખાેરાક� રહેઠાણ માટેની છત અને પી�ં પણ પુ�ં પાડ ેછે� ��તતુ નવલકથા િવિવધ સામિયકાેમાં �મશઃ ��સ� થયેલ� 1986માં આ
અકંાે Red Sorghum, Sorghum Wine, Dog Ways, Sorghum Funeral અને Strange Deathના નામાે સાથ ે��સ� થયેલા�

�રડે સાેરઘમ� સાથનેા �વનની અકેા�કતા દશા�વવા લખેકે તમેની દાદ�ના ���ુનંુ િન�પણ ખુબ સુદંર ર�ત ેરજુ કર ેછે�

“It is the music of the universe and it emanates from red sorghum. She gazes at the Sorghum and through the dimness of her vision the stalks turn cra�ily and
surpassingly beautiful, grotesque, and bizarre. They begin to moan, to writhe, to shout, to entwine her; they are demonic one minute, intimate the next and in her eyes,
they coil like snakes.” (P.77)

�આ વૈિ�ક સગંીત છે અને તનેું અવતરણ �રડે સાેરઘમ�થી થાય છે� તણેી સાેરધમ તરફ નજર માંડીને જુઅ ેછે અને તમેાં પાેતાની �િતકૃિતની ઝાખંી થતી જુઅ ેછે� આ દૃિ�થી તનેા પુડાઆેને કલા�ક અને આ�ય�જનક ર�ત ેસુદંર�
િવલ�ણ તમેજ િવ��� થતા જુઅ ેછે� તણેીને મળવા માટે તઆેે કણસવા� તળપવા તથા પાેકાર� ઉઠે છે� તઆેે અકે �ણ ેતામસીક તાે બી� જ �ણ ેઆ�જન બની તણેીની આખંાેમાં શાહીની જેમ િ �વ� ટળાઈ �ય છે�� ����77�

લખેક �રડે સાેરધમ�ને ચીનના શાનદા�ગ િવ�તારની ઉ�ર�પૂિ �વ� ય િવ�તારમાં આવેલ ગાઆેમી પરગણાના સમ� �વન સાથ ે�ડેી� તનેે �કૃિત સાથનેા મન�ુય �વનના અનુબંધ દ્�ારા અકે નવી જ આેળખ આપે છે�

સા�ંત સમયમાં �ાર ેસપંૂણ� િવ� �લાેબલ વાેમ�ગ અને આૈ�ાેગીકરણ જેવી ગભંીર સમ�ાઆેનાે સામનાે કર� ર�ું છે �ાર ે�રડે સાેરધમ� અને તનેી મન�ુય �વન સાથનેા અ�ેના િન�પણન ે�ઈકાે��ટ�સીઝ્મ�ની દૃિ�અ ેપણ અકે
ઉપલ��ધથી ઉતરતુ ંનથી� વત�માન સમયમાં આૈ�ાેગીકરણને કારણ ેચીન ઘણી બધી સમ�ાઆેનાે સામનાે કર� ર�ું છે� આવી પિરિ�િતમાં માે યાન કુદરતને મ�ુ પા� બનાવીને �ણ પેઢ�આેન ેવણી લેતી વાતા�ન ેઆપણી સમ�
રજુ કર ેછે� નવલકથાનાે �લાેટ શાનદા�ગ પિરવારની �ણ પેઢ�આે વ�ચનેા ઈ�સ� 1923 અને ઈ�સ� 1976 સધુીના સમયગાળાના બનાવાનેે વણ�વવા માટે થાય છે� આ કૃિતમાં નવલકથાકાર પાેતાના પિરવારની સઘંષ�ની વાત આપણી
સામ ે��તતુ કર ેછે� �થમ સાેરધમની વાઇન બનાવવાની ભ��ના મા�લક તર�કે અને �ારબાદ ��તીય ચીનાે��પાનીઝ લડાઈના બડવાખાેર લડવૈયા તર�કે� આ નવલકથામાં ચીનના આતંર િવ�હમાં રાજિકય સ�ા અને તનેી હર�ફ
ટાેળ�આે વ�ચ ેઉદભવતાે આતંરિવ�હ દ્�ારા ઉદ્ભવતાે સઘષ� �વેા મળે છે� આ નવલકથામાં ચીનની સાં�ૃિતક �ાંિત તમેજ ઈ�સ�1972માં ચીન અને �પાન વ�ચનેા રાજનૈિતક સબંંધાનેી પનુઃ�ાપનાની ઘટનાન ેપણ આવર�
લવેામાં આવી છે� 

નવલકથાના અતં ભાગમાં �યા�ેયેલ આ�મથંનમાં લખેક પાેતાની પિરિ�િતનાે �ચતાર આપે છે���

“Then a desolate sound comes from the heart of the land. It is both familiar and strange…. The ghosts of my family are sending me a message to point the way out of
their labyrinth.” (P.378)

�આ ભ�ૂમના મ�યમાંથી અકે ઉદાસીન અવાજ આવતા ેસભંળાઈ છે� અ ે�ણીતાે તમેજ અ��યાે પણ છે� મારા પિરવારનાં ��તા�ાઆે મને આ ભલૂભલૂમણીમાંથી બહાર આવવાનાે િનદ�શ કર� ર�ા છે�� ���� નં�378�

આ આ�ાઆેમાં િવશષે કર�ને દાદા� દાદ�નાે સમાવેશ કરવામાં આવેલ છે� આ ર�ત ેકથાનાયક �ણ પેઢ�આેના અવાજને યાે�ય વાચા આપવામાં સફળ બને છે� નવલકથાની આ િવશષેતા �રડે સાેરધન�ને ભારતીય પિરવાર ભાવનાની
ખુબ જ ન�ક લઈ આવે છે� ભારતથી હ�રાે ક�લાેમીટર દુર આવેલ ઉ�ર પૂવ�ય ચીનના શાનદા�ગ �ાંતના ગાઆેમી િવ�તારનુ ં�ા�ય �વન ઘણી બધી ર�ત ેભારતીય �ા�ય �વનને મળતુ ંઆવે છે� �રડે સાેરઘન� નવલકથા ઘણી
બધી ર�ત ેચીનના સમાજ �વનને વાચક સમ� ��તતુ કર ેછે� આ િવિવધ પાસાઆેને �યાને લેતા વાચકને ચીનના સમાજ�વન જેમ કે �ાનંી લ��� પરંપરા� આિ �થ� ક અસમાનતાને કારણ ેસ��તી પિરિ�િતઆે� સા�ા�વાદની
આડઅસરાે અને બળવાખાેરાે�બહારવટ�યાઆેની મા ભાેમકાજે મર� મીટવાની ભાવના વગેર ેજેવાં પાસાઆે ચીનના સામા�ય જન�વનને ઘણી બધી ર�ત ેભારતીય �વનની ન�ક લાવી આપે છે� 

િવ�નાે કાેઈપણ સમાજ તનેા �ારા નાર�આેને અપાતા આદર સ�ાનથી આેળખાય છે� �રડે સાેરઘમ� નવલકથાનુ ંકે��વત� પા� દાઈ �લ��લીઅન� �લટલ નાઈન અથવા તાે દાદ� સાથ ેબા�કાળથી થતા �વહારના તાદૃશ વણ�ન �ારા
માે યાન ચીનના સમાજમાં નાર�ના �ાન અગંનેું િન�પણ કર ેછે� મા� છ વષ�ની કુમણી વયથી તનેા પગના પ�ંઆે અગંનેી દેખરેખ તમેજ સતત કાળ� દાદ�ની સુદંરતામાં વધારાે કરવાની સાથાેસાથ પુ�ષ �ધાન સમાજ �વ�ામાં
નાર�ના મયા�િદત �ાન અગંનેાે પણ ચીતાર આપે છે� આટલુ ંજ પયા�� ન હાેય� મા� 16 વષ�ની નાની વયે આ બાળાને આ �ાંતના �ાતનામ વેપાર� શાન િત��નુા કાેિઢયા પ�ુ શાન બીઆનલ�ગ સાથ ેઆિ �થ� ક સ�રતાના કારણે
પરણાવી દેવામાં આવે છે� આ ઘટના વૈિ�ક �તર ેનાર�ના �વન પર પડનાર� આિ �થ� ક પિરબળાનેી અસરનુ ંઉ�કૃ� ઉદાહરણ પુ� પાડ ેછે� દાદ� આ િવવાહના ેદરકે ર�ત ે�િતકાર કરવાનાે �ય� કર ેછે અને આખર ેયુ ઝાન આઆે
સાથનેા પાેતાના સબંંધાનેે �િતપાદ�ત કર� ��ાિપત સમાજ મ�ૂાે સામ ેઅકે �કારનાે બંડ પાેકાર ેછે� પાેતાના ��� ુવેળાનું આ�મથંન અમેને વૈિ�ક �િતિનિધ તર�કે આપણી સમ� રજુ કયુ� છે�



“Have I sinned? Would it have been right to share my pillow with a leper and produce a misshapen, putrid monster to contaminate this beautiful world? What is chastity
then? What is the correct path? What is goodness? What is evil? You never told me, so I had to decide on my own. I loved happiness, I loved strength, I loved beauty, it
was my body and I used it as I thought �tting sin doesn’t frighten me, nor does punishment.” (P.76)

�શુ ંમ� પાપ કયુ� છે� શુ ંઅ ેઉ�ચત હાેત કે મ ેઅકે કાેિઢયા સાથ ેમળ�ને અકે િવકૃત� કાેહવાયેલ રા�સ સમાન બાળકને જ� આપીને આ સુદંર ���વીન ેકલષુીત કર� હાેત� તાે પછ� સતી�વ શુ ંછે� સાચાે માગ� કયાે� સા�ં શુ ંછે� અિન�
શુ ંછે� તમાેઅ ેમને �ારયે મામ�દ� �શ� ત ન કર� અટેલા માટે માર ેમાર� ર�ત ેિવચારવંુ પડલંુે� મને �સ�તા પસદં હતી� મને સામ�ય� પસદં હતુ�ં મને સુદંરતા પસદં હતી� અ ેમા�ં શર�ર હતુ ંઅને મ� તનેાે યથાયાે�ય ઉપયાેગ કરલે� પાપ
મને ભયભીત નથી કરવાે� કે ન તાે સ��� �પાન નં�76�

દાઈ �લ��લીઅનના ઈ�ર સાથનેા આ અિંતમ શ�દાે મા� ચીનની સ�ૃંિતમાં ધરબાઈ રહીને �ી સહજ આવેગાનેે જ રજુ નથી કરતી પરંત ુસપંૂણ� િવ�ની નાર�જગતના મનમાં રહેલ ભાવનાઆેનું અકે �કારનું �ાપક ��તતુીકરણ છે�
સા�ંત નાર�વાદ�આેની દૃિ�અ ેમાેયાનનું આ માન�સક િવ�ષેણ તમેને અકે આગવી લેખન શલૈીનંુ આિધપ� �દાન કર ેછે� તનેી સાથાેસાથ હાં�સયા �માજ�ન�માં રહેલ વગ�ને મ�ય �સ�ેટર�માં �ાન આપી લખેકે સમાજ�વનનાં
અનેકિવધ પાસાઆેનંુ સમ�વયયુ� સાય�ુ ��તતુ કરલંુે છે�

આ નવલકથાની દૃિ�અ ે�માે યાન� અનેક �કાર ેઅને અનેક �સગં ેચાઈનીઝ લ�ડ�ેપ પ�ઇટ�ગંની કળાને નવલકથાના શ�દાેથી ��તતુ કરતા �વેા મળે છે� �રડે સાેરઘમ�માં આલખેાયેલ કથા અકે ર�ત ેતાે �પાન �ારા ઈ�સ� 1930ના
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The Role of Media in Making Modern India

As the signif icant tool to make independence of India possible, media has played quintessential role

in making modern India. In awakening the slumbering spirit of the nation, it stood as the

foundational stone. It played the role of a catalyst for the power/paradigm shift from West towards

East. It was a diff icult task for thinkers of the slave countries to inject the most essential morale of

self-esteem and independence inside the minds of the common citizens of their nation states. In case

of country like India they were gracefully gifted with the gift of media. They utilised their education

with the help of media to awaken the slumbering souls of the nation. Most of the prominent leaders
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from India contributed to the ‘Imagined Community’(Benedict Anderson) with their mediums of print

publications such as, Dadabhai Naoroji through Rast Guftar, Balgangadhar Tilak through Kesari and

Mahratta, Madan Mohan Malviya through Hindustan, Lala Lajapat Rai through Punjabi, Bande

Mataram, and The People, Mohandas Karamchand Gandhi through Young India, Navjeevan, and

Harijan, G. Subramania Aiyer through The Hindu and Sri Aurobindo dedicated his service towards

mother nation by editing Bande Mataram, Dharma and Karma Yogin.
 

 

The Empire was compelled by these effective medium of mass awakening to bring forth as many as

four different constitutional changes within short period of time, such as The Vernacular Press

Act,1878 (Discrimination between English and vernacular Newspapers, no right to appeal!),

Newspaper Act 1908 that empowers the magistrate to confiscate the property owned by the press,

Indian Press Act 1910, and Indian Press (The Emergency Powers) Act 1931 to douse the Civil

Disobedience Movement. At the same time for thinkers like Sophia Dobson it is, ‘where no freedom of

the press existed, and grievances consequently remained unrepresented and un-redressed,

innumerable revolutions have taken place.’ (Collet 406) According to Bhaha they help in creating

‘hybridity’ to rebel against “restrictive notions of cultural identity” by opening the avenues of

change. This paper is an attempt to pay tribute to the Media which has played their role of

foundational stones to make the dream of the contemporary India possible. 
 

 

The role of media has played the signif icant role in making the uniformity of the slaved nation in

more than one way. At the time when each thread of the nation bound together it came out to be the

unique identity of nation. In terms of Lenin one can understand the phenomenon of a nation as,
 

As nation is a historically constituted, stable community of people, formed on the basis of a common

language territory economic life and psychological makeup manifested in a common culture (Lenin)



language, territory, economic life and psychological makeup manifested in a common culture. (Lenin)

In case of India, the ‘psychological makeup’ in the form of ‘a common culture’ can be credited to the

media and writers of the then popular media. If one takes up the examples of leading political leaders

of the time most of them played vital role in writing for newspapers. 

 

The most signif icant role of media in the constructing or destructing the nation can be studied from

the Facebook Cambridge Analytica Scandal by Mark Zuckerberg, where personal data of millions of

Facebook users was used without their permission for the political leverage. The result has been

wondering and bewilderment for the entire world. It may have been the economic gain for any

particular media but as a whole it has led on of the strongest democracy into unknown danger. (The

term is lighter in its tone than what is being experienced by the Corona affected America today!)

Ralph Schroeder in his signif icant research upon the role of media in the time of globalization

mentions tacitly that, 
 

Media elites translate the agenda of political elites, plus ’people’, into the media agenda. These

political elites consist not just a powerful leader, as Schudson (2011) has pointed out, for the vast

bulk of sources of news are government off icials. (Media Systems, Digital Media and Politics 28-59)
 

 

The aftermath of Wuhan incident has made it clear for entire world that however strong we belive

that contemporary international media would be; it cannot penetrate inside the ‘Wall’ of ‘government

off icials’ created by the so called ‘powerful leader’ of the present time. 

 

In case of India, when The British Crown took over the possession of Private Company (British East

India Company), it was literally no entity to raise logical argument against such inhuman accession of

power. As the company started facing diff iculties in administrating population of different language



and culture (which was far superior and stronger than ever imagined by their ‘intellectuals’!), the

Crown constituted the English Education Act 1835 ‘to spend on education and literature in India’

Lord Babington Macaulay lead the discussion of the Act. In his scathing argument projecting

inferiority of Indian, especially Sanskrit education system he observed that, 
 

I feel…that it is impossible for us, with our limited means, to attempt to educate the body of the

people. We must at present do our best to form a class who may be interpreters between us and the

millions whom we govern – a class of persons Indian in blood and colour, but English in tastes,

opinions, in morals and in intellect. To that class we may leave it to… convey knowledge to the great

mass of the population. (Sharp)
 

 

The plan of the Crown was not full proof. There were certain lacunae which were focused upon and

utilised to strengthen the future India by the same ‘class’ of interpreters. If one observes carefully,

one f inds that most of the Indian freedom f ighters were well educated especially from Western

education institutes only! 
 

 

The 1851 riots between Parsi and Muslim communities in Bombay create the need to voice the

grievances and pains of poor and middleclass Parsis. A leader rises to the occasion named Dadabhai

Naoroji. He founds The Rast Goftar means ‘The Truth Teller’ with the help of Government subsidy. By

1858 its circulation rose from 432 to 852, which was quite considerable at the time. Along with the

time in 1870s it was considered amongst one of four leading operating newspapers from Bombay. The

task of newspaper helped him in raising questions against the draining of India’ wealth by the

Empire. Later, he becomes to be well known as the Grand Old Man of India. He was the f irst Indian to

be a Member of British Parliament when the nation was still under the rule of Raj. In one of his most

concerned tone about the nation he suggests to every Indian citizen that,



gg y ,
 

Be united, persevere, and achieve self-Government, so that the millions now perishing by poverty,

famine, and plague may be saved, and India may once more occupy her proud position of yore among

the greatest and civilized nations of the world. (Grover 231)
 

 

The genuine concern about the motherland can be experienced by the such patriotic lines by the

Grand Old Man of India.
 

 

Similarly, the personality of Balgangadhar Tilak has inf luenced the entire nation. His writings and

speeches have mesmerised not only common politicians but even the man of millennium Mohandas

Karamchand Gandhi as well. At the time of paying tribute to his political teacher Mahatma opines that

he admired Tilak as millions of his countrymen for ‘his indomitable will, his vast learning, his love of

country and above all the purity of his private life and great sacrif ice. Of all men of modern times, he

captivated the most the imagination of his people. He breathed into us the spirit of Swaraj.’ It is well

known that it was the struggle for Swaraj only which contributed the immense popularity to Mahatma

as a freedom f ighter. In a sense it was the coinage of Tilak that contributed the most in making of

Mahatma. If one tries to examine it more closely, Tilak provided the basic foundational ideology for

the nation to achieve freedom. As Brothers Sisir Kumar and Motilal started the Amrita Bazar Patrika

in Bengal; Tilak introduces Keshari in Western part of the nation. The power of his inspirational

thoughts can be experienced from one of his articles which tries to invigorate the common citizens to

get united and f ight against the injustices of the Empire as,
 

The power of public opinion lies in its resolute will. It cannot be gauged by the supporting numbers.

The straws put together to make a big heap serve no purpose. But the same grass twisted into a

strong rope is capable of subjugating even an intoxicated elephant. (Pandit 19)
 



 

In a sense one can say that the straws of patriotic fervour have been articulated to domesticate the

wild Elephant of the Empire! For such a noble cause one can observe that it was only the medium of

newspaper Keshari. Such a burning torch was handed over to the f inal f ighter of Indian independence

Mohandas Gandhi. 

 

In the similar way the founder of Banaras Hindu University, Shree Madan Mohan Malaviya

contributed to the f ield of journalism with the spirit of nationalism. In the year 1908 the British

Government passes one of the most objectionable Act in the form of the Press Act and Newspaper Act.

In the company of Motilal Nehru, father of India’s f irst Prime Minister Jawaharlal Nehru, Madan

Mohan Malaviya started The Leader. The subjects of his publication remained focused upon the

political upheavals of the time. The newspaper can be considered as the signif icant contributor to

nationalistic fervour. One can f ind contributions of several political thinkers of the time including

writings of Mahatma Gandhi as well. 
 

 

The name of Mohandas Karamchand Gandhi would be immortal in the f ield of role of media in the

f ield of nation construction. In more than one way he has revolutionised the f ield of newspaper

writing. His subjects in media starts from the food habits till the fundamental rights and the ultimate

responsibility of the government for its citizens. He contributed to Harijan and Young India with

invigorating fervour of national freedom. In one of his articles to the Young India newspaper Mr.

Gandhi reveals his identity with his intentions such as,
 

My motive is national service and that, too, so long as it is consistent with humanitarian dictates. I

understand, because my South African work was considered to be humanitarian that I was awarded

the Kaisar–I–Hind Gold Medal. (Gandhi, To Every Englishman)



 
 

The goal of serving the ‘humanity’ elevates his stature to the level of Man of Millennium. He has

proved himself worthy of it at almost all the level of his political career. In that journey his articles in

newspaper plays supporting pillar to make reach of his voice till the distanced dweller of the nation.

The highest message of his political movement was also been conveyed through the use of media

only. One can f ind his preaching about ‘Truth’ and ‘Non-Violence’ being edify through newspaper

only as,
 

Therefore, Indian self-government not only means no menace to the world, but will be of the greatest

benefit to humanity if she attains her end through those means (Truth and Non-violence) and those

means alone. (Gandhi, Collected Works of Mahatma Gandhi, Vol. XXIII 361)
 

 

One can learn the central lesson of his political endeavour through these lines only. He clearly opines

that the happiness of India in every sense would be instrumental to bring happiness of entire world

in a very simple way possible. Selection of the political f ield also has been discussed in one of his

articles in the Young India as, 
 

My bent is not political but religious and I take part in politics because I feel that there is no

department of life which can be divorced from religion and because politics touch the vital being of

India almost at every point. (Gandhi, To G. S. Arundale)
 

 

In the same way the contribution of Sri Aurobindo can also be considered as one of the important

cornerstones in the struggle of Indian independence. It was only because of his editorial task, he had

to beseech immediate shelter at Puducherry. His erudition was par excellence which has not been

matched by anyone till the date. In Bande Mataram of 17th December, 1907, he reveals his poetic

craftsmanship while explaining how a nation would emerge as spirit in life formation and



craftsmanship while explaining how a nation would emerge as spirit in life formation and,
 

… it is a law that all energies are forced to direct themselves, consciously or unconsciously, willingly

or against their will, to the supreme work of the time . . . so now when the waters of a people’s life

are stirred and the formation of a great organic Indian state and nation has begun, the same law

holds. (Ghose, Bande Mataram)
 

 

It was that ‘law’ of energy only which gifted independence of the nation on the birthday of Sri

Aurobindo only! For the future of the nation, he provides a clear cut guide line as,
 

The f irst work is to revive courage in the hearts of the people . . . . The next work is to give a

stronger impetus to the boycott. . . The Third thing to be done is to spread National Education. . . .

(Ghose, The Work Before Us)
 

 

In these three steps one cans f ind the heart of rising India. In multiple ways India as a nation has

been bestowed by the thinking minds like Sri Aurobindo. All such minds prepare a trajectory of a

most spiritual and altruistic country in the world. One can easily observe the signif icance of such

‘National Education’ in times of globalised world as well. 
 

 

The writings of Dr. Babasaheb Ambedkar was not limited to the concern of drafting the constitution

of India only. If one analyses his writing corpus one can f ind variety mediums and subjects have been

simply exhausted by him in multiple ways. As a researcher and one of the most inf luential persons of

the down trodden class some of his writings possesses the signif icant value of their own. In one of

his observation about the religions of the world and their comparative contributions he writes that,
 

Jesus Christ and Mohammad Paygambar use to preach the world they are conveying the message of

the Almighty and it is the ultimate Truth. The message delivered by Shri Krishna was itself the



message of Almighty. There was no space for any doubt. But Bhagvan Buddha did not tell anything

like that. He conveyed his message to his disciple Bhikkhu Anand and explained that his message is

based upon experience. (Ambedkar) 
 

 

Thus, the role of media and its contribution in the constructing India as nation is unique. Each and

every leading freedom f ighter has explored and endeavoured their talented personalities with the

help of media available at the time. From writings of Dadabhai Naoroji till Dr. Babasaheb Ambedkar

one can observe a continuum of media support for the bringing the morning of freedom for India.

There has been British suppression in various form of Acts and regulations for the media. All such

challenges in the contemporary scenario could create the situations where Facebook and Twitter

provide the platform for the contemporary politicians to have their say in every walk of their life. The

role of media in making India (Independent/developed) has been phenomenal, it can be observed

that till the day media plays most signif icant role in making the nation.
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The Role of Media in Making Modern India

As the signif icant tool to make independence of India possible, media has played quintessential role

in making modern India. In awakening the slumbering spirit of the nation, it stood as the

foundational stone. It played the role of a catalyst for the power/paradigm shift from West towards

East. It was a diff icult task for thinkers of the slave countries to inject the most essential morale of

self-esteem and independence inside the minds of the common citizens of their nation states. In case

of country like India they were gracefully gifted with the gift of media. They utilised their education

with the help of media to awaken the slumbering souls of the nation. Most of the prominent leaders
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from India contributed to the ‘Imagined Community’(Benedict Anderson) with their mediums of print

publications such as, Dadabhai Naoroji through Rast Guftar, Balgangadhar Tilak through Kesari and

Mahratta, Madan Mohan Malviya through Hindustan, Lala Lajapat Rai through Punjabi, Bande

Mataram, and The People, Mohandas Karamchand Gandhi through Young India, Navjeevan, and

Harijan, G. Subramania Aiyer through The Hindu and Sri Aurobindo dedicated his service towards

mother nation by editing Bande Mataram, Dharma and Karma Yogin.
 

 

The Empire was compelled by these effective medium of mass awakening to bring forth as many as

four different constitutional changes within short period of time, such as The Vernacular Press

Act,1878 (Discrimination between English and vernacular Newspapers, no right to appeal!),

Newspaper Act 1908 that empowers the magistrate to confiscate the property owned by the press,

Indian Press Act 1910, and Indian Press (The Emergency Powers) Act 1931 to douse the Civil

Disobedience Movement. At the same time for thinkers like Sophia Dobson it is, ‘where no freedom of

the press existed, and grievances consequently remained unrepresented and un-redressed,

innumerable revolutions have taken place.’ (Collet 406) According to Bhaha they help in creating

‘hybridity’ to rebel against “restrictive notions of cultural identity” by opening the avenues of

change. This paper is an attempt to pay tribute to the Media which has played their role of

foundational stones to make the dream of the contemporary India possible. 
 

 

The role of media has played the signif icant role in making the uniformity of the slaved nation in

more than one way. At the time when each thread of the nation bound together it came out to be the

unique identity of nation. In terms of Lenin one can understand the phenomenon of a nation as,
 

As nation is a historically constituted, stable community of people, formed on the basis of a common

language territory economic life and psychological makeup manifested in a common culture (Lenin)



language, territory, economic life and psychological makeup manifested in a common culture. (Lenin)

In case of India, the ‘psychological makeup’ in the form of ‘a common culture’ can be credited to the

media and writers of the then popular media. If one takes up the examples of leading political leaders

of the time most of them played vital role in writing for newspapers. 

 

The most signif icant role of media in the constructing or destructing the nation can be studied from

the Facebook Cambridge Analytica Scandal by Mark Zuckerberg, where personal data of millions of

Facebook users was used without their permission for the political leverage. The result has been

wondering and bewilderment for the entire world. It may have been the economic gain for any

particular media but as a whole it has led on of the strongest democracy into unknown danger. (The

term is lighter in its tone than what is being experienced by the Corona affected America today!)

Ralph Schroeder in his signif icant research upon the role of media in the time of globalization

mentions tacitly that, 
 

Media elites translate the agenda of political elites, plus ’people’, into the media agenda. These

political elites consist not just a powerful leader, as Schudson (2011) has pointed out, for the vast

bulk of sources of news are government off icials. (Media Systems, Digital Media and Politics 28-59)
 

 

The aftermath of Wuhan incident has made it clear for entire world that however strong we belive

that contemporary international media would be; it cannot penetrate inside the ‘Wall’ of ‘government

off icials’ created by the so called ‘powerful leader’ of the present time. 

 

In case of India, when The British Crown took over the possession of Private Company (British East

India Company), it was literally no entity to raise logical argument against such inhuman accession of

power. As the company started facing diff iculties in administrating population of different language



and culture (which was far superior and stronger than ever imagined by their ‘intellectuals’!), the

Crown constituted the English Education Act 1835 ‘to spend on education and literature in India’

Lord Babington Macaulay lead the discussion of the Act. In his scathing argument projecting

inferiority of Indian, especially Sanskrit education system he observed that, 
 

I feel…that it is impossible for us, with our limited means, to attempt to educate the body of the

people. We must at present do our best to form a class who may be interpreters between us and the

millions whom we govern – a class of persons Indian in blood and colour, but English in tastes,

opinions, in morals and in intellect. To that class we may leave it to… convey knowledge to the great

mass of the population. (Sharp)
 

 

The plan of the Crown was not full proof. There were certain lacunae which were focused upon and

utilised to strengthen the future India by the same ‘class’ of interpreters. If one observes carefully,

one f inds that most of the Indian freedom f ighters were well educated especially from Western

education institutes only! 
 

 

The 1851 riots between Parsi and Muslim communities in Bombay create the need to voice the

grievances and pains of poor and middleclass Parsis. A leader rises to the occasion named Dadabhai

Naoroji. He founds The Rast Goftar means ‘The Truth Teller’ with the help of Government subsidy. By

1858 its circulation rose from 432 to 852, which was quite considerable at the time. Along with the

time in 1870s it was considered amongst one of four leading operating newspapers from Bombay. The

task of newspaper helped him in raising questions against the draining of India’ wealth by the

Empire. Later, he becomes to be well known as the Grand Old Man of India. He was the f irst Indian to

be a Member of British Parliament when the nation was still under the rule of Raj. In one of his most

concerned tone about the nation he suggests to every Indian citizen that,



gg y ,
 

Be united, persevere, and achieve self-Government, so that the millions now perishing by poverty,

famine, and plague may be saved, and India may once more occupy her proud position of yore among

the greatest and civilized nations of the world. (Grover 231)
 

 

The genuine concern about the motherland can be experienced by the such patriotic lines by the

Grand Old Man of India.
 

 

Similarly, the personality of Balgangadhar Tilak has inf luenced the entire nation. His writings and

speeches have mesmerised not only common politicians but even the man of millennium Mohandas

Karamchand Gandhi as well. At the time of paying tribute to his political teacher Mahatma opines that

he admired Tilak as millions of his countrymen for ‘his indomitable will, his vast learning, his love of

country and above all the purity of his private life and great sacrif ice. Of all men of modern times, he

captivated the most the imagination of his people. He breathed into us the spirit of Swaraj.’ It is well

known that it was the struggle for Swaraj only which contributed the immense popularity to Mahatma

as a freedom f ighter. In a sense it was the coinage of Tilak that contributed the most in making of

Mahatma. If one tries to examine it more closely, Tilak provided the basic foundational ideology for

the nation to achieve freedom. As Brothers Sisir Kumar and Motilal started the Amrita Bazar Patrika

in Bengal; Tilak introduces Keshari in Western part of the nation. The power of his inspirational

thoughts can be experienced from one of his articles which tries to invigorate the common citizens to

get united and f ight against the injustices of the Empire as,
 

The power of public opinion lies in its resolute will. It cannot be gauged by the supporting numbers.

The straws put together to make a big heap serve no purpose. But the same grass twisted into a

strong rope is capable of subjugating even an intoxicated elephant. (Pandit 19)
 



 

In a sense one can say that the straws of patriotic fervour have been articulated to domesticate the

wild Elephant of the Empire! For such a noble cause one can observe that it was only the medium of

newspaper Keshari. Such a burning torch was handed over to the f inal f ighter of Indian independence

Mohandas Gandhi. 

 

In the similar way the founder of Banaras Hindu University, Shree Madan Mohan Malaviya

contributed to the f ield of journalism with the spirit of nationalism. In the year 1908 the British

Government passes one of the most objectionable Act in the form of the Press Act and Newspaper Act.

In the company of Motilal Nehru, father of India’s f irst Prime Minister Jawaharlal Nehru, Madan

Mohan Malaviya started The Leader. The subjects of his publication remained focused upon the

political upheavals of the time. The newspaper can be considered as the signif icant contributor to

nationalistic fervour. One can f ind contributions of several political thinkers of the time including

writings of Mahatma Gandhi as well. 
 

 

The name of Mohandas Karamchand Gandhi would be immortal in the f ield of role of media in the

f ield of nation construction. In more than one way he has revolutionised the f ield of newspaper

writing. His subjects in media starts from the food habits till the fundamental rights and the ultimate

responsibility of the government for its citizens. He contributed to Harijan and Young India with

invigorating fervour of national freedom. In one of his articles to the Young India newspaper Mr.

Gandhi reveals his identity with his intentions such as,
 

My motive is national service and that, too, so long as it is consistent with humanitarian dictates. I

understand, because my South African work was considered to be humanitarian that I was awarded

the Kaisar–I–Hind Gold Medal. (Gandhi, To Every Englishman)



 
 

The goal of serving the ‘humanity’ elevates his stature to the level of Man of Millennium. He has

proved himself worthy of it at almost all the level of his political career. In that journey his articles in

newspaper plays supporting pillar to make reach of his voice till the distanced dweller of the nation.

The highest message of his political movement was also been conveyed through the use of media

only. One can f ind his preaching about ‘Truth’ and ‘Non-Violence’ being edify through newspaper

only as,
 

Therefore, Indian self-government not only means no menace to the world, but will be of the greatest

benefit to humanity if she attains her end through those means (Truth and Non-violence) and those

means alone. (Gandhi, Collected Works of Mahatma Gandhi, Vol. XXIII 361)
 

 

One can learn the central lesson of his political endeavour through these lines only. He clearly opines

that the happiness of India in every sense would be instrumental to bring happiness of entire world

in a very simple way possible. Selection of the political f ield also has been discussed in one of his

articles in the Young India as, 
 

My bent is not political but religious and I take part in politics because I feel that there is no

department of life which can be divorced from religion and because politics touch the vital being of

India almost at every point. (Gandhi, To G. S. Arundale)
 

 

In the same way the contribution of Sri Aurobindo can also be considered as one of the important

cornerstones in the struggle of Indian independence. It was only because of his editorial task, he had

to beseech immediate shelter at Puducherry. His erudition was par excellence which has not been

matched by anyone till the date. In Bande Mataram of 17th December, 1907, he reveals his poetic

craftsmanship while explaining how a nation would emerge as spirit in life formation and



craftsmanship while explaining how a nation would emerge as spirit in life formation and,
 

… it is a law that all energies are forced to direct themselves, consciously or unconsciously, willingly

or against their will, to the supreme work of the time . . . so now when the waters of a people’s life

are stirred and the formation of a great organic Indian state and nation has begun, the same law

holds. (Ghose, Bande Mataram)
 

 

It was that ‘law’ of energy only which gifted independence of the nation on the birthday of Sri

Aurobindo only! For the future of the nation, he provides a clear cut guide line as,
 

The f irst work is to revive courage in the hearts of the people . . . . The next work is to give a

stronger impetus to the boycott. . . The Third thing to be done is to spread National Education. . . .

(Ghose, The Work Before Us)
 

 

In these three steps one cans f ind the heart of rising India. In multiple ways India as a nation has

been bestowed by the thinking minds like Sri Aurobindo. All such minds prepare a trajectory of a

most spiritual and altruistic country in the world. One can easily observe the signif icance of such

‘National Education’ in times of globalised world as well. 
 

 

The writings of Dr. Babasaheb Ambedkar was not limited to the concern of drafting the constitution

of India only. If one analyses his writing corpus one can f ind variety mediums and subjects have been

simply exhausted by him in multiple ways. As a researcher and one of the most inf luential persons of

the down trodden class some of his writings possesses the signif icant value of their own. In one of

his observation about the religions of the world and their comparative contributions he writes that,
 

Jesus Christ and Mohammad Paygambar use to preach the world they are conveying the message of

the Almighty and it is the ultimate Truth. The message delivered by Shri Krishna was itself the



message of Almighty. There was no space for any doubt. But Bhagvan Buddha did not tell anything

like that. He conveyed his message to his disciple Bhikkhu Anand and explained that his message is

based upon experience. (Ambedkar) 
 

 

Thus, the role of media and its contribution in the constructing India as nation is unique. Each and

every leading freedom f ighter has explored and endeavoured their talented personalities with the

help of media available at the time. From writings of Dadabhai Naoroji till Dr. Babasaheb Ambedkar

one can observe a continuum of media support for the bringing the morning of freedom for India.

There has been British suppression in various form of Acts and regulations for the media. All such

challenges in the contemporary scenario could create the situations where Facebook and Twitter

provide the platform for the contemporary politicians to have their say in every walk of their life. The

role of media in making India (Independent/developed) has been phenomenal, it can be observed

that till the day media plays most signif icant role in making the nation.
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ABSTRACT

Minimal balanced repeated measurements designs (RMDs) are not
possible to construct in several experimental situations. In these sit-
uations, weakly balanced RMDs are preferred which demand less
experimental subjects without loss of efficiency. In this article, several
generators are developed to construct the minimal circular weakly
balanced RMDs in periods of (i) equal sizes, (ii) two different sizes,
and (iii) three different sizes. All these constructions possess high
efficiency and save the cost of experiments due to less number of
experimental subjects.
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1. Introduction

In repeated measurements designs (RMDs), more than one measurement is taken on each

subject/experimental unit. RMDs are widely used in the fields of medicine, pharmacology,

animal sciences, and psychology where residual effects may exist. Minimal balanced RMDs

(BRMDs) balance out these residual effects at low budget constraints. The situations for

which minimal BRMDs cannot be constructed, weakly balanced RMDs (WBRMDs) are

preferred. Some important definitions related to this study are:

Residual Effect: The effect which a treatment has during its period of application (treatment
effect) may persist into the following period(s). If the effect persists only into the immediately
following period the effect is called first-order carry over/residual effect.

Balanced RMD: RMD is balanced with respect to the first-order residual effects if each
treatment is immediately preceded k’ times by each other treatment (excluding itself). This
design will be minimal if k’ ¼ 1.

Strongly Balanced RMD: RMD is strongly balanced with respect to the first-order residual
effects if each treatment is immediately preceded k’ times by each other treatment
(including itself).

RMD for v (treatments) and pi (period sizes) is weakly balanced with respect to the first-
order residual effects if each treatment is immediately preceded k’1 or k’2 times by each other
treatment (excluding itself) where jk’2 - k’1j ¼ 1.
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Williams (1949) initiated for RMDs. Cheng and Wu (1980) constructed circular bal-

anced and strongly balanced RMDs. Afsarinejad (1994) constructed minimal balanced

and strongly balanced RMDs in periods of unequal sizes. Using method of cyclic shifts,

(a) Iqbal and Jones (1994) constructed efficient RMDs and strongly BRMDs with peri-

ods of equal and unequal sizes, (b) Iqbal and Tahir (2009) constructed circular strongly

BRMDs for some classes, (c) Iqbal, Tahir, and Ghazali (2010) constructed some first-

order and second-order circular balanced and strongly balanced RMDs, (d) Rajab et al.

(2018) developed some generators to obtain the circular BRMDs in periods of equal

sizes, (e) Rasheed et al. (2018) developed some generators to obtain minimal circular

strongly BRMDs in periods of three different sizes, (f) Bashir et al. (2018) presented cir-

cular BRMDs for p¼ 3. Some more references of the designs constructed through

method of cyclic shifts can be found in Ahmed et al. (2020).

Bailey et al. (2017) constructed universally optimal WBRMDs for p¼ v. Khan et al.

(2019) developed some generators to obtain minimal CWBRMDs for p� v in periods

of equal sizes. Hussain et al. (2019) developed some generators to obtain minimal

CWBRMDs in periods of two different sizes for (i) v¼ 2miþsþ 2, p1¼2m, and p2¼s

(even), (ii) v¼ 2miþs, p1¼2m, and p2¼s (even), (iii) v¼ 2miþsþ 1, p1¼2m, and p2¼s

(even)> 2, (iv) v¼ 2miþsþ 1, p1¼2m, and p2¼s (odd)> 3, (v) v¼ 2miþs� 1, p1¼2m,

and p2¼s (even)> 2, (vi) v¼ 2miþs, p1¼2m, and p2¼sþ 1, s even. In this article, some

new generators are developed to obtain minimal CWBRMDs in periods of (i) equal

sizes, (ii) two different sizes, and (iii) three different sizes.

The paper is organized as follows: the model, estimation of treatment and residual

effects, and, its efficiency calculation is presented in Section 2. In Section 3, method of

cyclic shifts is explained to construct CWBRMDs. New generators are discussed for

minimal CWBRMDs in periods of equal sizes, two different sizes, and three different

sizes in Section 3, in Section 4, and in Section 5, respectively.

2. Model and efficiency for circular RMDs

The model repeatedly discussed for RMDs in the literature is traditional model given

by,

yijk ¼ lþ sdðk, jÞ þ cdðk�1, jÞ þ pk þ nij þ eijk (1)

where yijk is the observation from subject j having sequence i in period k to which treat-

ment d(k, j) is given, l is the general mean, sdðk, jÞ is the effect of treatment d(k, j),

cdðk�1, jÞ is the residual effect of treatment d(k�1, j) in the period k which was applied

in the period k�1 to the same subject, pk is the effect of period k, nij is the effect of

subject j having sequence i, eijk are independently normally distributed error term with

mean 0 and variance r2:

2.1. Efficiency for residual effects

The joint information matrix of the treatment and residual effects for the Circular

RMD is given by

2 S. HUSSAIN ET AL.
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Here, n1 subjects repeatedly measures up to p1 periods, n2 subjects repeatedly measures

up to p2 periods; M1 is the incidence matrix of treatments versus 1 to p2 periods; M2

the incidence matrix of treatments versus p2 þ 1 to p1 periods; �M1 the incidence matrix

of residual versus 1 to p2 periods; �M2 the incidence matrix of residual versus p2 þ 1 to

p1 periods; N1 the incidence matrix of treatments versus 1 to n1 subjects; N2 the inci-

dence matrix of treatments versus n1 þ 1 to n1 þ n2 subjects; �N 1 the incidence matrix

of residual versus 1 to n1 subjects; �N 2 the incidence matrix of residual versus n1 þ 1 to

n1 þ n2 subjects. Similarly, C11, C12, and C22 in periods of three different sizes are given

by

C11 ¼ rI �
1

n1 þ n2 þ n3
M1M

0
1 �

1

n1 þ n2
M2M

0
2 �

1

n1
M3M

0
3 �

1

p1
N1N

0
1

�
1

p2
N2N

0
2 �

1

p3
N3N

0
3 þ

r2

n1p1 þ n2p2 þ n3p3
J

C12 ¼ Z �
1

n1 þ n2 þ n3
M1

�M
0
1 �

1

n1 þ n2
M2

�M
0
2 �

1

n1
M3

�M
0
3 �

1

p1
N1

�N
0
1

�
1

p2
N2

�N
0
2 �

1

p3
N3

�N
0
3 þ

r�r

n1p1 þ n2p2 þ n3p3
J

C22 ¼ �rI �
1

n1 þ n2 þ n3
�M1

�M
0
1 �

1

n1 þ n2
�M2

�M
0
2 �

1

n1
�M3

�M
0
3 �

1

p1
�N 1

�N
0
1

�
1

p2
�N 2

�N
0
2 �

1

p3
�N 3

�N
0
3 þ

�r2

n1p1 þ n2p2 þ n3p3
J

Here, n1 subjects repeatedly measures up to p1 periods; n2 subjects repeatedly measures

up to p2 periods; n3 subjects repeatedly measures up to p3 periods; M1 is the incidence

matrix of treatments versus 1 to p3 periods; M2 the incidence matrix of treatments ver-

sus p3 þ 1 to p2 periods; M3 the incidence matrix of treatments versus p2 þ 1 to p1 peri-

ods; �M1 the incidence matrix of residual versus 1 to p3 periods; �M2 the incidence

matrix of residual versus p3 þ 1 to p2 periods; �M3 the incidence matrix of residual ver-

sus p2 þ 1 to p1 periods; N1 the incidence matrix of treatments versus 1 to n1 subjects;

N2 the incidence matrix of treatments versus n1 þ 1 to n1 þ n2 subjects; N3 the inci-

dence matrix of treatments versus n1 þ n2 þ 1 to n1 þ n2 þ n3 subjects; �N 1 the inci-

dence matrix of residual versus 1 to n1 subjects; �N 2 the incidence matrix of residual

versus n1 þ 1 to n1 þ n2 subjects; �N 3 the incidence matrix of residual versus n1 þ n2 þ

COMMUNICATIONS IN STATISTICS—THEORY AND METHODS 3



1 to n1 þ n2 þ n3 subjects. Also we have r as the replication of treatment; �r the replica-

tion of residual; J the matrix with all elements as one. Then the information matrix of

the treatment and residual effects are Cs ¼ C11 � C12C
�
22
C21 and Cc ¼ C22 � C21C

�
11
C12,

respectively. Note that, the information matrix in case of Circular RMD in periods of

equal sizes (p) is obtain by substituting p1 ¼ p, n1 ¼ n and p2 ¼ n2 ¼ M1 ¼ �M1 ¼

N2 ¼ �N 2 ¼ 0 in C11,C12, and C22: for periods of two different sizes.

The efficiency factor for residual effect can be regarded as the harmonic mean of non

zero Eigen values of their respective information matrix, see James and Wilkinson

(1971) and Pearce, Cali�nski, and Marshall (1974). The high value of Er shows that

design is suitable for the estimation of residual effects. Our developed generators pro-

vide the designs with high values of Er, therefore, these designs are suitable for the esti-

mation of residual effects.

2.2. Efficiency of separability

Every RMDs must be characterized for its ability of separating the treatment

effects from residual effects. Divecha and Gondaliya (2014) provided simple for-

mula of efficiency of Separability (ES) for the balanced RMDs. We have modified

this formula according to the constraints of RMDs constructed in this paper is

given by,

ES ¼ 1�
ðl1 þ 4l2Þv� ðl1 þ 2l2Þ

2

ðv� 1Þðl1 þ 2l2Þ
2

( )1
2

2

4

3

5� 100% (2)

where l1 is the number of a treatment immediately preceded by other treatment single

time; l2 is the number of a treatment immediately preceded by other treatment

two times.

3. Method of cyclic shifts

Method of cyclic shifts is introduced by Iqbal (1991). Let we discuss Rule I and Rule II

of method of cyclic shifts for the construction of CBRMDs and CWBRMDs.

Rule I. Let S1¼ [q11, q12, … , qp1�1], S2¼ [q21, q22, … , qp2�1], and S3¼ [q31, q32,

… , qp3�1] be the sets of shifts, where 1� qij� v� 1. If each element 1, 2, … , v� 1

appears an equal number of times, say k
0

in S�, where S� ¼ [{q11, q12, … , qp1�1,

v�(q11þ q12þ� � �þ qp1�1) mod v}, {q21, q22, … , qp2�1, v� (q21þ q22þ � � �þ qp2�1)

mod v}, {q31, q32, … , qp3�1, v�(q31þ q32þ� � �þ qp3�1) mod v}] then design from it

will be CBRMD in periods of sizes p1, p2, and p3. If S� contains all of 1, 2, … , v� 1

exactly k01 times except a few of these which appear k01�1 or k01 þ1 times then it will

be CWBRMD. Sum of any two, three, … , (p� 1) consecutive elements of a set should

not be 0 (mod v). If so, reorder the elements of the corresponding set.

Example 3.1. Minimal CWBRMD for v¼ 20, p1¼8, p2¼6, and p3¼4 can be constructed

through the following sets of shifts.

S1¼ [1,2,3,4,19,18,17] S2¼ [5,6,7,15,14] S3¼ [8,9,12]
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Proof. S1�¼ [1,2,3,4,19,18,17,16], S2�¼ [5,6,7,15,14,13], S3�¼ [8,9,12,11].

Hence S�¼ [1,2,3,4,19,18,17,16,5,6,7,15,14,13,8,9,12,11]. Here each of 1, 2, … , 19

appears exactly once except 10 which does not appear. Hence given sets of shifts pro-

vide minimal CWBRMD for v¼ 20, p1¼8, p2¼6, and p3¼4. Systematic procedure to

construct this CWBRMD is given below.

Take v experimental subjects for one set of shifts S1¼ [1,2,3,4,19,18,17]. Assign 0,

1, … , v� 1 to each subject in first period respectively. To get the elements of second

period for each subject, add 1 (mod 20) to each element of first period for all subjects.

Then add 2 (mod 20) to each element of second period for all subjects of third period.

Similarly, add 3, 4, 19, 18, and 17 as shown in Table 1.

Take v more experimental subjects for second set of shifts S2¼ [5,6,7,15,14]. Assign 0,

1, … , 19 to each subject in first period respectively. To get the elements of second

period for each subject, add 5 (mod 20) to each element of first period for all subjects.

Then add 6 (mod 20) to each element of second period for all subjects of third period.

Similarly add 7, 15, and 14 as shown in Table 2.

Take v more experimental subjects for third set of shifts and get the array from

S3¼ [8,9,12] in a similar way as shown in Table 3.

Tables 1–3 together produce minimal CWBRMD for v¼ 20, p1¼8, p2¼6, and

p3¼4. w

Table 1. Array obtained from S1¼ [1,2,3,4,19,18,17].

p

Subjects

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0
3 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2
4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5
5 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8 9
6 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8
7 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6
8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3

Table 2. Array obtained from S2¼ [5,6,7,15,14].

p

Subjects

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
2 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4
3 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8 9 10
4 18 19 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
5 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8 9 10 11 12
6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6

Table 3. Array obtained from S3¼ [8,9,12].

p

Subjects

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
2 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7
3 17 18 19 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
4 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8
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Rule II. Let Sa¼ [qa1, qa2, … , qa(p�1)], Sb¼ [qb1, qb2, … , qb(p�1)], and Sc¼ [qc1, qc2,

… , qc(p�2)]t be the three sets of shifts, where 1� qi� v� 2. Then S� will be [qa1, qa2,

… , qa(p�1), (v� 1) � (qa1 þqa2 þ � � �þqa(p�1)) mod(v� 1), qb1, qb2, … , qb(p�1), (v� 1)

�(qb1 þqb2 þ � � �þqb(p�1)) mod(v� 1), qc1, qc2, … , qc(p�2)]. If each element 1, 2, … ,

v� 2 appears an equal number of times, say k’ in S� then design from it will be

CBRMD. If S� contains all of 1, 2, … , v� 2 exactly k01 time except a few of these

which appear k01 �1 or k01 þ1 times then it will be CWBRMD. Sum of any two, three,

… , (p� 1) consecutive elements of a set should not be 0 mod (v� 1). If so, reorder the

elements of the corresponding set.

Example 3.2. Minimal CWBRMD for v¼ 18, p1¼8, p2¼6, and p3¼3 can be constructed

through the following sets of shifts.

S1¼ [1,2,3,4,16,15,14]S2¼ [5,6,7,12,11]S3 ¼ [8]t

Proof. S1�¼ [1,2,3,4,16,15,14,13], S2�¼ [5,6,7,12,11,10], S3�¼ [8].

Hence S�¼ [1,2,3,4,16,15,14,13,5,6,7,12,11,10,8]. Here each of 1,2, … , 16 appears

exactly once except 9 which does not appear. Hence given sets of shifts provide minimal

CWBRMD for v¼ 18, p1¼8, p2¼6, and p3¼3. Systematic procedure to construct this

CWBRMD is given below.

Take v� 1 experimental subjects for first set of shifts S1¼ [1,2,3,4,16,15,14]. Assign 0,

1, … , v� 2 to each subject in first period, respectively. To get the elements of second

period for each subject, add 1 (mod 17) to each element of first period for all subjects.

Then add 2 (mod 17) to each element of second period for all subjects of third period.

Similarly, add 3, 4, 16, 15, and 1 to complete the array as shown in Table 4.

Take more v� 1 experimental subjects for second set of shifts S2¼ [5,6,7,12,11].

Assign 0, 1, … , v� 2 to each subject in first period, respectively. To get the elements

of second period for each subject, add 5 (mod 17) to each element of first period for all

subjects. Then add 6 (mod 17) to each element of second period for all subjects of third

period. Similarly, add 7, 12, and 11 to complete the array as shown in Table 5.

Take more v� 1 experimental subjects for third set of shifts [8]t. Assign 0,1, … ,

v� 2 to each subject in first period respectively. To get the elements of second period

for each subject, add 8 (mod 17) to each element of first period for all subjects. Then

assign 17 to each element of third period for all subjects as shown in Table 6.

Tables 4–6 together produce minimal CWBRMD for v¼ 18, p1¼8, p2¼6, and

p3¼3. w

Table 4. Array obtained from S1¼ [1,2,3,4,16,15,14].

p

Subjects

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 0
3 3 4 5 6 7 8 9 10 11 12 13 14 15 16 0 1 2
4 6 7 8 9 10 11 12 13 14 15 16 0 1 2 3 4 5
5 10 11 12 13 14 15 16 0 1 2 3 4 5 6 7 8 9
6 9 10 11 12 13 14 15 16 0 1 2 3 4 5 6 7 8
7 7 8 9 10 11 12 13 14 15 16 0 1 2 3 4 5 6
8 4 5 6 7 8 9 10 11 12 13 14 15 16 0 1 2 3
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4. Minimal CWBRMDs in periods of equal sizes

In this section, one generator is developed to generate minimal CWBRMDs in periods

of equal sizes using method of cyclic shifts (Rule I).

Generator 4.1. Following i sets of shifts provide minimal CWBRMD for v¼ 2mi,

p¼ 2m, i integer, and m (integer)> 2. Here, ordered pairs {(0, v/2), (1, (vþ 2)/2), … ,

((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)} appear twice together as

preceded values while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)];j¼ 0, 1,

… , i� 1

Examples are given in Table 7.

5. Minimal CWBRMDs in periods of two different sizes

5.1. Minimal CWBRMDs in periods of two different sizes using Rule I

In this section, generators are developed to generate minimal CWBRMDs in periods of two

different sizes using method of cyclic shifts (Rule I). Here i sets are for p1 and two for p2.

Generator 5.1.1. Following (iþ 2) sets of shifts provide minimal CWBRMD for

v¼ 2miþ 4sþ 2, p1¼2m, and p2 ¼ 2s, i integer, and m (integer)> 2. Here, ordered pairs

{(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/

2)} do not appear together while all other appear once.

Table 5. Array obtained from S2¼ [5,6,7,12,11].

p

Subjects

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 5 6 7 8 9 10 11 12 13 14 15 16 0 1 2 3 4
3 11 12 13 14 15 16 0 1 2 3 4 5 6 7 8 9 10
4 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 0
5 13 14 15 16 0 1 2 3 4 5 6 7 8 9 10 11 12
6 7 8 9 10 11 12 13 14 15 16 0 1 2 3 4 5 6

Table 6. Array obtained from S3¼ [8]t.

p

Subjects

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 41

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 8 9 10 11 12 13 14 15 16 0 1 2 3 4 5 6 7
3 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17

Table 7. CWBRMDs for v¼ 2mi, p¼ 2m, i integer.

v p Set(s) of shifts Er Es

16 8 [1,2,3,4,15,14,13]þ [ 6, 5,7,8,11,10,9] 0.93 0.91
20 10 [1,2,3,4,5,19,18,17,16]þ [6,7,8,14,9,10,13,11,12] 0.945 0.93
24 12 [1,2,4,3,6,5,23,22,21,20,19]þ [7,8,10,9,11,17,12,16,15,14,13] 0.955 0.94
28 14 [1,2,6,3,4,5,27,7,26,25,24,23,22]þ [8,9,13,10,11,12,14,20,19,18,17,16,15] 0.96 0.95
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Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþs� 1)]

Siþ2 ¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ 2s� 1)]

Examples are given in Table 8.

Generator 5.1.2. Following (iþ 2) sets of shifts provide minimal CWBRMD for

v¼ 2miþ 4s, p1¼2m, and p2¼2s, i integer, and m (integer)> 2. Here, ordered pairs {(0,

v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)}

appear twice together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)];

j¼ 0, 1, … , i� 1

Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþs� 1)]

Siþ2 ¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ 2s� 1)]

Examples are given in Table 9.

5.2. Minimal CWBRMDs in periods of two different sizes using Rule II

In this section, some generators are developed to obtain minimal CWBRMDs in periods

of two different sizes using method of cyclic shifts (Rule II). Here i sets are for p1 and

two for p2.

Generator 5.2.1. Following (iþ 2) sets of shifts provide minimal CWBRMD for

v¼ 2miþ 4sþ 1, p1¼2m, and p2¼2s, where i integer, m (integer)> 4. Here, ordered

pairs {(0, (vþ 1)/2), (1, (vþ 3)/2), … , ((v� 5)/2, v� 2), ((v� 3)/2, 0), ((v� 1)/2, 1),

… , (v� 2, (v� 1)/2)} do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,

v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Table 8. CWBRMDs for v¼ 2miþ 2sþ 2, p1¼2m, and p2¼s (even), i integer.

v p1 p2 Sets of shifts Er Es

28 10 8 [1,2,3,4,5,27,26,25,24]þ [6,7,8,9,22,21,20]þ [10,11,12,13,18,17,16] 0.91 0.95
38 10 8 [1,2,3,4,5,37,36,35,34]þ [6,7,8,9,10,32,31,30,29]þ

[11,12,13,14,27,26,25]þ [15,16,17,18,23,22,21]
0.91 0.94

30 12 8 [1,2,4,3,6,5,29,28,27,26,25]þ [7,8,9,10,23,22,21]þ [11,12,13,14,19,18,17] 0.92 0.95
42 12 8 [1,2,4,3,6,5,41,40,39,38,37]þ [7,9,8,10,11,12,35,33,34,32,31]þ

[13,14,16,29,15,28,27]þ [17,18,19,20,25,24,23]
0.92 0.94

Table 9. CWBRMDs for v¼ 2miþ 2s, p1¼2m, and p2¼s (even), i integer.

v p1 p2 Sets of shifts Er Es

22 10 6 [1,2,3,4,5,21,20,19,18]þ [6,7,8,16,15]þ [9,10,11,13,12] 0.90 0.93
32 10 6 [1,2,3,4,5,31,30,29,28]þ [6,7,8,9,10,26,25,24,23]þ

[11,12,13,21,20]þ [14,15,16,18,17]
0.90 0.96

28 12 8 [1,2,4,3,6,527,26,25,24,23]þ [7,8,9,10,21,20,19]þ
[12,11,13,14,17,16,15]

0.92 0.95

30 14 8 [1,2,3,4,5,6,7,29,28,27,26,25,24]þ [9,8,10,11,21,22,20]þ
[13,12,14,15,18,17,16]

0.93 0.95
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Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v�1�(miþ 1), v�1�(miþ 2), … , v�1�(miþs� 1)]

Siþ2 ¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v�1�(miþsþ 1), v�1�(miþsþ 2),
… , v�1�(miþ 2s� 2)]t

Examples are given in Table 10.

Generator 5.2.2. Following (iþ 2) sets of shifts provide minimal CWBRMD for

v¼ 2miþ 4s� 1, p1¼2m, and p2¼2s, where i integer, m (integer)> 4. Here, ordered

pairs {(0, (vþ 1)/2), (1, (vþ 3)/2), … , ((v� 5)/2, v� 2), ((v� 3)/2, 0), ((v� 1)/2, 1),

… , (v� 2, (v� 1)/2)} appear twice together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,

v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2),

… , v� 1�(miþs� 1)]

Siþ2 ¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),

… , v� 1�(miþ 2s� 2)]t

Examples are given in Table 11.

6. Minimal CWBRMDs in periods of three different sizes

6.1. Minimal CWBRMDs in periods of three different sizes using Rule I

In this section, some generators are developed to generate minimal CWBRMDs in peri-

ods of three different sizes using method of cyclic shifts (Rule I).

Generator 6.1.1. If v¼ 2miþ 2sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1, where u< s<m then minimal CWBRMD can be constructed through

the following iþ 2 sets of shifts. Here i sets are for p1, one for p2, and also one for p3.

In these designs, ordered pairs {(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0),

((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)} do not appear together as preceded value while all

other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Table 10. CWBRMDs for v¼ 2miþ 2sþ 1, p1¼2m, and p2¼s, where i integer, s (even)> 2.

v p1 p2 Sets of shifts Er Es

21 8 6 [1,2,3,4,19,18,17]þ [5,6,7,15,14]þ [8,9,10,12]t 0.99 0.93
23 10 6 [1,2,3,4,5,21,20,19,18]þ [6,7,8,16,15]þ [9,10,11,13]t 0.99 0.93
29 12 8 [1,2,3,4,5,6,27,26,25,24,23]þ [7,8,9,10,21,20,19]þ [11,12,13,14,17,16]t 0.91 0.95
31 14 8 [1,2,3,4,5,6,7,29,28,27,26,25,24]þ [9,8,10,11,21,22,20]þ [13,12,14,15,18,17]t 0.99 0.95

Table 11. CWBRMDs for v¼ 2miþ 2s� 1, p1¼2m, and p2¼s, where i integer, s (even)> 2.

v p1 p2 Sets of shifts Er Es

19 8 6 [1,2,3,4,17,16,15]þ [5,6,13,7,12]þ [8,9,10,10]t 0.99 0.92
25 10 8 [1,2,3,4,5,23,22,21,20]þ [7,6,8,9,17,18,16]þ [10,11,12,13,14,13]t 0.99 0.94
27 12 8 [1,2,4,3,6,5,25,24,23,22,21]þ [7,8,9,10,19,18,17]þ [11,12,13,14,15,14]t 0.99 0.95
33 14 10 [1,2,3,4,5,6,7,31,30,29,28,27,26]þ [8,9,10,11,12,24,23,22,21]þ

[13,14,15,16,17,19,18,17]t
0.99 0.96

COMMUNICATIONS IN STATISTICS—THEORY AND METHODS 9



Siþ2¼ [miþsþ 1,miþsþ 2, … ,miþsþu, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþsþu� 1)]

Examples are given in Table 12.

Generator 6.1.2. If v¼ 2miþ 4sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1, where u< s<m then minimal CWBRMD can be constructed through

the following (iþ 3) sets of shifts. Here i sets are for p1, two for p2, and one for p3. In

these designs, ordered pairs {(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0),

((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)} do not appear together as preceded value while all

other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2 ¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ(2s� 1)]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v�(miþ 2sþ 1), v�(miþ 2sþ 2), … ,
v�(miþ 2sþu� 1)]

Examples are given in Table 13.

Generator 6.1.3. If v¼ 2miþ 4sþ 4uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1, where u< s<m then minimal CWBRMD can be constructed through

the following (iþ 4) sets of shifts. Here i sets are for p1, two for p2, and also two for p3.

In these designs, ordered pairs {(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0),

((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)} do not appear together as preceded value while all

other appear once.

Table 12. CWBRMDs for v¼ 2miþ 2sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

26 12 8 4 [1,2,4,3,6,5,25,24,23,22,21]þ [7,8,9,10,19,18,17]þ [11,12, 15] 0.92 0.94
38 12 8 4 [1,2,4,3,6,5,37,36,35,34,33]þ [8,7,9,10,11,12,30,31,29,28,27]þ

[13,14,15,16,25,24,23]þ [17,18,21]
0.91 0.96

38 14 12 10 [1,2,3,4,5,6,7,37,36,35,34,33,32]þ [10,8,9,12,11,30,13,29,28,27,26]þ
[14,15,16,17,18,24,23,22,21]

0.94 0.96

52 14 12 10 [1,2,3,4,5,6,7,51,50,49,48,47,46]þ [ 9,8,11,10,13,12,14,43,44,42,41,40,39]þ
[15,16,17,18,19,20,37,36,35,34,33]þ [21,22,23,24,25,31,30,29,28]

0.94 0.97

Table 13. CWBRMDs for v¼ 2miþ 4sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

36 12 8 6 [1,2,4,3,6,5,35,34,33,32,31]þ [7,8,9,10,29,28,27]þ
[11,12,25,13,14,24,23]þ [15,16,17,21,20]

0.90 0.96

48 12 8 6 [1,2,4,3,6,5,47,46,45,44,43]þ
[7,8,9,10,11,12,41,40,39,38,37]þ
[13,14,15,16,35,34,33]þ
[17,18,19,20,31,30,29]þ [21,22,23,27,26]

0.91 0.97

38 14 8 6 [1,2,3,4,5,6,7,37,36,35,34,33,32]þ [8,9,10,30,11,29,28]þ
[12,13,14,15,26,25,24]þ [16,17,18,22,21]

0.91 0.96

52 14 8 6 [1,2,3,4,5,6,7,51,50,49,48,47,46]þ
[9,8,11,10,13,12,14,43,44,42,41,40,39]þ
[15,16,17,18,37,36,35]þ [19,20,21,22,33,32,31]þ
[23,24,25,29,28]

0.92 0.97
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Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ(2s� 1)]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v�(miþ 2sþ 1), v�(miþ 2sþ 2), … ,
v�(miþ 2sþu� 1)

Siþ4¼ [miþ 2sþuþ 1,miþ 2sþsþ 2, … ,miþ 2sþ 2u, v�(miþ 2sþuþ 1), v�(miþ 2sþuþ 2),
… , v�(miþ 2sþ 2u� 1)]

Examples are given in Table 14.

Generator 6.1.4. If v¼ 2miþ 2sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2u,

u> 1 then minimal CWBRMD can be constructed through the following (iþ 2) sets of

shifts. Here i sets are for p1, one for p2, and also one for p3. In these designs, ordered

pairs {(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1,

(v� 2)/2)} appear twice together as preceded values while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v�(miþsþ 1), v�(miþsþ 2), … ,
v�(miþsþu� 1)], for u > 1

Examples are given in Table 15.

Generator 6.1.5. If v¼ 2miþ 4sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2u,

u> 1 then minimal CWBRMD can be constructed through the following (iþ 3) sets of

shifts. Here i sets are for p1, two for p2, and one for p3. In these designs, ordered pairs

Table 14. CWBRMDs for v¼ 2miþ 4sþ 4uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

32 10 6 4 [1,2,3,4,5,31,30,29,28]þ [6,7,8,26,25]þ [9,10,11,23,22]þ
[12,13,20]þ [14,15,18]

0.86 0.95

40 10 8 6 [1,2,3,4,5,39,38,37,36]þ [6,7,8,9,34,33,32]þ
[10,11,12,13,30,29,28]þ [14,15,16,26,25]þ [17,18,19,23,22]

0.88 0.96

42 12 8 6 [1,2,4,3,6,5,41,40,39,38,37]þ [7,8,9,10,35,34,33]þ
[11,12,13,14,31,30,29]þ [15,16,17,27,26]þ [18,19,20,24,23]

0.89 0.97

50 12 10 8 [1,2,4,3,6,5,49,48,47,46,45]þ [7,8,9,10,11,43,42,41,40]þ
[12,13,14,15,16,38,37,36,35]þ [17,18,19,20,33,32,31]þ
[21,22,23,24,29,28,27]

0.91 0.97

Table 15. CWBRMDs for v¼ 2miþ 2sþ 2u, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

24 12 8 4 [1,2,4,3,6,5,23,22,21,20,19]þ [7,8,17,9,10,16,15]þ [11,12,13] 0.91 0.94
36 12 8 4 [1,2,4,3,6,5,35,34,33,32,31]þ [7,8,9,10,11,12,29,28,27,26,25]þ

[13,14,15,16,23,22,21]þ [17,18,19]
0.91 0.96

26 14 8 4 [4,1,3,2,6,5,7,25,24,23,22,21,20]þ [8,9,10,11,18,17,16]þ [12,13,14] 0.92 0.94
40 14 8 4 [1,2,3,4,5,6,7,39,38,37,36,35,34]þ [8,9,11,10,13,12,14,32,31,30,29,28,27]þ

[15,16,17,18,25,24,23]þ [19,20,21]
0.92 0.96
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{(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/

2)} appear twice together as preceded values while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,

… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ(2s� 1)]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v�(miþ 2sþ 1), v�(miþ 2sþ 2), … ,

v�(miþ 2sþu� 1)]

Examples are given in Table 16.

Generator 6.1.6. If v¼ 2miþ 4sþ 4u, p1 ¼ 2m, m> 3 integer, p2¼2s, s> 2, and p3¼2u,

u> 1 then minimal CWBRMD can be constructed through the following (iþ 4) sets of

shifts. Here i sets are for p1, two for p2, and also two for p3. In these designs, ordered pairs

{(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)}

appear twice together as preceded values while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mj þm� 1)]; j¼ 0, 1,

… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ(2s� 1)]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v�(miþ 2sþ 1), v�(miþ 2sþ 2), … ,

v�(miþ 2sþu� 1)]

Siþ4¼ [miþ 2sþuþ 1, miþ 2sþuþ 2, … , miþ 2sþ 2u, v�(miþ 2sþuþ 1),

v�(miþ 2sþuþ 2), … , v�(miþ 2sþ 2u� 1)]

Examples are given in Table 17.

6.2. Minimal CWBRMDs in periods of three different sizes using Rule II

In this section, generators are developed to obtain minimal CWBRMDs in periods of

three different sizes using method of cyclic shifts (Rule II).

Generator 6.2.1. If v¼ 2miþ 2sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2uþ 1, u integer then minimal CWBRMD can be constructed through the following

Table 16. CWBRMDs for v¼ 2miþ 4sþ 2u, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

38 12 10 6 [1,2,4,3,6,5,37,36,35,34,33]þ [9,7,8,10,11,30,31,29,28]þ
[12,13,14,16,15,26,25,24,23]þ [17,18,19,21,20]

0.92 0.96

50 12 10 6 [1,2,4,3,6,5,49,48,47,46,45]þ [8,7,9,10,11,12,42,43,41,40,39]þ
[13,14,15,16,17,37,36,35,34]þ [18,19,20,21,32,22,31,30,29]þ
[23,24,25,27,26]

0.92 0.97

40 12 10 8 [1,2,4,3,6,5,39,38,37,36,35]þ [7,8,9,10,11,33,32,31,30]þ
[12,13,14,15,16,28,27,26,25]þ [18,17,19,20,23,22,21]

0.92 0.96

52 12 10 8 [1,2,4,3,6,5,51,50,49,48,47]þ [7,8,9,10,11,12,45,44,43,42,41]þ
[13,14,15,16,17,39,38,37,36]þ [18,19,20,21,22,34,33,32,31]þ
[24,23,25,26,29,28,27]

0.92 0.97
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(iþ 2) sets of shifts. Here i sets are for p1, one for p2, and also one for p3. In these

designs some ordered pairs do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþ m, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v� 1�(miþsþ 1), v� 1�(miþsþ 2), … ,
v� 1�(miþsþu� 1)]t

Examples are given in Table 18.

Generator 6.2.2. If v¼ 2miþ 4sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2uþ 1, u integer then minimal CWBRMD can be constructed through the following

(iþ3) sets of shifts. Here i sets are for p1, two for p2, and one for p3. In these designs

some ordered pairs do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 1)]t

Examples are given in Table 19.

Generator 6.2.3. If v¼ 2miþ 2sþ 2uþ 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1 then minimal CWBRMD can be constructed through the following

(iþ 2) sets of shifts. Here i sets are for p1, one for p2, and also one for p3. In these

designs some ordered pairs do not appear together while all other appear once.

Table 17. CWBRMDs for v¼ 2miþ 4sþ 4u, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

40 12 8 6 [1,2,4,3,6,5,39,38,37,36,35]þ [7,8,9,10,33,32,31]þ
[11,12,13,14,29,28,27]þ [15,16,17,25,24]þ [18,19,20,22,21]

0.89 0.96

52 12 8 6 [1,2,4,3,6,5,51,50,49,48,47]þ [7,8,9,10,11,12,45,44,43,42,41]þ
[13,14,15,16,39,38,37]þ [17,18,19,20,35,34,33]þ
[21,22,23,31,30]þ [24,25,26,28,27]

0.91 0.97

50 14 10 8 [1,2,3,4,5,6,7,49,48,47,46,45,44]þ [8,9,10,11,42,12,41,40,39]þ
[13,14,15,16,17,37,36,35,34]þ [18,19,20,21,32,31,30]þ
[23,22,24,25,28,27,26]

0.92 0.97

64 14 10 8 [1,2,3,4,5,6,7,63,62,61,60,59,58]þ
[8,9,11,10,13,12,14,56,55,54,53,52,51]þ
[15,16,17,18,19,49,48,47,46]þ [20,21,22,23,24,44,43,42,41]þ
[25,26,27,28,39,38,37]þ [30,29,31,32,35,34,33]

0.92 0.98

Table 18. CWBRMDs for v¼ 2miþ 2sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3¼2uþ 1.

v p1 p2 p3 Sets of shifts Er Es

19 8 6 3 [1,2,3,4,17,16,15]þ [5,6,13,7,12]þ [8]t 1.0 0.90
21 8 6 5 [1,2,3,4,19,18,17]þ [5,6,7,15,14]þ [8,9,12]t 1.0 0.91
25 10 8 5 [1,2,3,4,5,23,22,21,20]þ [7,6,8,9,17,18,16]þ [10,11,14]t 1.0 0.93
29 12 10 5 [1,2,4,3,6,5,27,26,25,24,23]þ [7,8,9,10,11,21,20,19,18]þ [12,13,16]t 1.0 0.94
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Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþm� 1)];
j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , mi þs, v� 1� (miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v� 1�(miþsþ 1), v� 1�(miþsþ 2), … ,
v� 1�(miþsþu� 2)]t

Examples are given in Table 20.

Generator 6.2.4. If v¼ 2miþ 4sþ 2uþ 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1 then minimal CWBRMD can be constructed through the following

(iþ 3) sets of shifts. Here i sets are for p1, two for p2, and one for p3. In these designs

some ordered pairs do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mj þm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþ
m� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1� (miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1� (miþ sþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1� (miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 2)]t

Examples are given in Table 21.

Generator 6.2.5. If v¼ 2miþ 4sþ 4uþ 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u > 1 then minimal CWBRMD can be constructed through the following

(iþ 4) sets of shifts. Here i sets are for p1, two for p2, and also two for p3. In these

designs some ordered pairs do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþm� 1)];
j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),
… , v� 1�(miþ 2s� 1]

Table 19. CWBRMDs for v¼ 2miþ 4sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3 ¼2uþ 1.

V p1 p2 p3 Sets of shifts Er Es

24 8 6 3 [1,2,3,4,22,21,20]þ [5,6,7,18,17]þ [8,9,10,15,14]þ [11]t 0.99 0.94
26 8 6 5 [1,2,3,4,24,23,22]þ [5,6,7,20,19]þ [8,9,10,17,16]þ [11,12,14]t 0.99 0.94
32 10 8 5 [1,2,3,4,5,30,29,28,27]þ [6,7,8,9,25,24,23]þ [10,11,12,13,21,20,19]þ [14,15,17]t 0.99 0.95
38 12 10 5 [1,2,4,3,6,5,36,35,34,33,32]þ [7,8,9,10,11,30,29,28,27]þ

[12,13,14,15,16,25,24,23,22]þ [17,18,20]t
0.99 0.96

Table 20. CWBRMDs for v¼ 2miþ 2sþ 2uþ 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

23 10 8 4 [1,2,3,4,5,21,20,19,18]þ [6,7,8,9,16,15,14]þ [10,11]t 1.00 0.93
25 10 8 6 [1,2,3,4,5,23,22,21,20]þ [7,6,8,9,17,18,16]þ [10,11,12,14]t 1.00 0.94
31 12 10 8 [1,2,4,3,6,5,29,28,27,26,25]þ [7,8,9,10,23,11,21,22,20]þ [12,13,14,15,18,17]t 0.95 0.95
37 14 12 10 [1,2,3,4,5,6,7,35,34,33,32,31,30]þ [8,9,10,11,12,28,13,27,25,26,24]þ

[14,15,16,17,18,22,21,20]t
1.00 0.96
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Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 1]

Siþ4¼ [miþ 2sþuþ 1, miþ 2sþuþ 2, … , miþ 2sþ 2u, v� 1�(miþ 2sþuþ 1),
v� 1�(miþ 2sþuþ 2), … , v� 1�(miþ 2sþ 2u� 2)]t

Examples are given in Table 22.

Generator 6.2.6. If v¼ 2miþ 2sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2uþ 1, u integer then minimal CWBRMD can be constructed through the following

(iþ 2) sets of shifts. Here i sets are for p1, one for p2, and also one for p3. In these

designs some ordered pairs appear twice together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v� 1�(miþsþ 1), v� 1�(miþsþ 2), … ,
v� 1�(miþsþu� 1)]t

Examples are given in Table 23.

Generator 6.2.7. If v¼ 2miþ4sþ2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2uþ 1,

u integer then minimal CWBRMD can be constructed through the following (iþ 3) sets

of shifts. Here i sets are for p1, two for p2, and one for p3. In these designs some

ordered pairs appear twice together while all other appear once.

Table 21. CWBRMDs for v¼ 2miþ 4sþ 2uþ 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

31 10 8 4 [1,2,3,4,5,29,28,27,26]þ [6,7,8,24,9,23,22]þ
[10,11,12,13,20,19,18]þ [14,15]t

0.99 0.95

33 10 8 6 [1,2,3,4,5,31,30,29,28]þ [6,7,8,9,26,25,24]þ
[10,11,12,13,22,21,20]þ [14,15,16,18]t

0.99 0.96

41 12 10 8 [1,2,4,3,6,5,39,38,37,36,35]þ [7,8,9,10,11,33,32,31,30]þ
[12,13,14,15,16,28,27,26,25]þ [17,18,19,20,23,22]t

0.94 0.96

49 14 12 10 [1,2,3,4,5,6,7,47,46,45,44,43,42]þ
[8,9,10,11,12,,13,40,39,38,37,36]þ
[15,14,16,17,18,19,33,34,32,31,30]þ
[20,21,22,23,24,28,27,26]t

0.99 0.97

Table 22. CWBRMDs for v¼ 2miþ 4sþ 4uþ 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

35 10 8 4 [1,2,3,4,5,33,32,31,30]þ [6,7,8,9,28,27,26]þ
[10,11,12,13,24,23,22]þ [14,15,20]þ [16,17]t

0.96 0.96

39 10 8 6 [1,2,3,4,5,37,36,35,34]þ [6,7,8,9,32,31,30]þ
[10,11,12,13,28,27,26]þ [14,15,16,24,23]þ [17,18,19,21]t

0.97 0.96

48 12 10 8 [2,1,4,3,46,5,6,45,44,42,43]þ [7,8,9,10,11,41,40,39,38]þ
[13,12,14,15,16,36,33,35,34]þ [17,18,19,20,31,30,29]þ
[21,22,23,24,27,26]t

0.84 0.94

59 14 12 10 [1,2,3,4,5,6,7,57,56,55,54,53,52]þ
[8,9,10,11,12,13,50,49,48,47,46]þ
[14,15,16,17,18,19,44,43,42,41,40]þ
[20,21,22,23,24,38,37,36,35]þ
[25,26,27,28,29,33,32,31]t

0.98 0.97
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Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþ m, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþ m� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþ s, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþ s� 1]

Siþ2¼ [miþ sþ 1, miþ sþ 2, … , miþ 2s, v� 1�(miþ sþ 1), v� 1�(miþ sþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþ u, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþ u-1)]t

Examples are given in Table 24.

Generator 6.2.8. If v¼ 2miþ 2sþ 2u� 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1 then minimal CWBRMD can be constructed through the following

(iþ 2) sets of shifts. Here i sets are for p1, one for p2, and also one for p3. In these

designs some ordered pairs appear twice together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþm� 1)];
j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v� 1�(miþsþ 1), v� 1�(miþsþ 2), … ,
v� 1�(miþsþu� 2)]t

Examples are given in Table 25.

Generator 6.2.9. If v¼ 2miþ 4sþ 2u� 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1 then minimal CWBRMD can be constructed through the following

(iþ 3) sets of shifts. Here i sets are for p1, two for p2, and one for p3. In these designs

some ordered pairs appear twice together while all other appear once.

Table 23. CWBRMDs for v¼ 2miþ 2sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2uþ 1.

V p1 p2 p3 Sets of shifts Er Es

16 8 6 3 [1,2,3,4,14,13,12]þ [5,6,7,10,9]þ [8]t 1.00 0.91
18 8 6 5 [1,2,3,4,16,15,14]þ [5,6,7,12,11]þ [8,9,9]t 0.92 0.92
22 10 8 5 [1,2,3,4,5,20,19,18,17]þ [6,7,9,15,8,14,13]þ [10,11,11]t 0.94 0.94
26 12 10 5 [1,2,4,3,6,5,24,23,22,21,20]þ [7,8,9,10,11,18,17,16,15]þ [12,13,13]t 0.94 0.95

Table 24. CWBRMDs for v¼ 2miþ 4sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2uþ 1.

V p1 p2 p3 Sets of shifts Er Es

22 8 6 3 [1,2,3,4,20,19,18]þ [5,6,7,16,15]þ [8,9,10,13,12]þ [11]t 0.99 0.94
24 8 6 5 [1,2,3,4,22,21,20]þ [5,6,7,18,17]þ [8,9,10,15,14]þ [11,12,12]t 0.90 0.94
30 10 8 5 [1,2,3,4,5,28,27,26,25]þ [6,7,8,9,23,22,21]þ

[10,11,12,13,19,18,17]þ [14,15,15]t
0.92 0.95

36 12 10 5 [1,2,4,3,6,5,34,33,32,31,30]þ [7,8,9,10,11,28,27,26,25]þ
[12,13,14,15,23,16,22,21,20]þ [17,18,18]t

0.93 0.96

Table 25. CWBRMDs for v¼ 2miþ 2sþ 2u� 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

19 10 6 4 [1,2,3,4,5,17,16,15,14]þ [6,7,8,12,11]þ [9,10]t 1.0 0.93
23 10 8 6 [1,2,3,4,5,21,20,19,18]þ [6,7,8,9,16,15,14]þ [10,11,12,12]t 1.0 0.94
27 12 10 6 [1,2,4,3,6,5,25,24,23,22,21]þ [7,8,9,10,11,19,18,17,16]þ [12,13,14,14]t 1.0 0.95
29 12 10 8 [1,2,4,3,6,5,27,26,25,24,23]þ [7,8,9,10,11,21,20,19,18]þ [12,13,14,15,16,15]t 1.0 0.95

16 S. HUSSAIN ET AL.



Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1� (miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 2)]t

Examples are given in Table 26.

Generator 6.2.10. If v¼ 2miþ 4sþ 4u� 1, p1¼2m, m> 3 integer, p2¼2s, s> 2,

and p3¼2u, u> 1 then minimal CWBRMD can be constructed through the

following (iþ 4) sets of shifts. Here i sets are for p1, two for p2, and also two for

p3. In these designs some ordered pairs appear twice together while all other

appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþm� 1)];
j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 1]

Siþ4¼ [miþ 2sþuþ 1, miþ 2sþuþ 2, … , miþ 2sþ 2u, v� 1�(miþ 2sþuþ 1),
v� 1�(miþ 2sþuþ 2), … , v – 1�(miþ 2sþ 2u� 2)]t

Examples are given in Table 27.

Table 26. CWBRMDs for v¼ 2miþ 4sþ 2u� 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

29 10 8 4 [1,2,3,4,5,27,26,25,24]þ [6,7,8,9,22,21,20]þ [10,11,12,13,18,17,16]þ [14,15]t 0.99 0.95
31 10 8 6 [1,2,3,4,5,29,28,27,26]þ [6,7,8,24,9,23,22]þ [10,11,12,13,20,19,18]þ [14,15,16,16]t 0.99 0.95
39 12 10 8 [1,2,4,3,6,5,37,36,35,34,33]þ [8,7,9,10,11,30,31,29,28]þ

[12,13,14,16,15,26,25,24,23]þ [17,18,19,20,21,20]t
0.99 0.96

41 14 10 8 [1,2,3,4,5,6,7,39,38,37,36,35,34]þ [8,9,10,11,12,32,31,30,29]þ
[13,14,15,16,17,27,26,25,24]þ [18,19,20,21,22,21]t

0.99 0.97

Table 27. CWBRMDs for v¼ 2miþ 4sþ 4u� 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

33 10 8 4 [1,2,3,4,5,31,30,29,28]þ [6,7,8,9,26,25,24]þ
[10,11,12,13,22,21,20]þ [14,15,18]þ [16,17]t

0.96 0.96

37 10 8 6 [1,2,3,4,5,35,34,33,32]þ [6,7,8,9,30,29,28]þ
[10,11,12,26,25,13,24]þ [14,15,16,22,21]þ [17,18,19,19]t

0.97 0.96

43 12 10 6 [1,2,4,3,6,5,41,40,39,38,37]þ [7,8,9,10,11,35,34,33,32]þ
[13,12,14,15,16,29,30,28,27]þ [17,18,19,25,24]þ
[20,21,22,22]t

0.97 0.97

47 12 10 8 [1,2,4,3,6,5,45,44,43,42,41]þ [7,8,9,10,11,39,38,37,36]þ
[13,12,14,15,16,34,33,32,31]þ [17,18,19,20,29,28,27]þ
[21,22,23,24,25,24]t

0.98 0.97
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Optimal minimal balanced crossover designs in first
and second carryover effects

Jigneshkumar Gondaliya

Gujarat Commerce College, Gujarat University, Ellisbridge, Ahmedabad, India

ABSTRACT
Crossover designs balanced in first and second order carryover
effects discussed in literature often require large number of experi-
mental units. In practice experiments demand fewer experimental
units where minimal balanced crossover designs are desirable. In this
paper, a simple method of construction of minimal balanced cross-
over designs through a new form of terrace is presented. A new
form of terrace constructs one series of crossover designs having
less number of periods than the number of treatments and two ser-
ies of crossover designs having more periods than the treatments.
Crossover designs possess good efficiency of separability and opti-
mal for the estimation of treatment effects.
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1. Introduction

A crossover design is an arrangement of experiment in which experimental units are
used repeatedly by exposing them according to a sequence of treatments over a span of
time. Apparently each unit is influenced by the effect of current treatment and carry-
over effects of the previously applied treatments. The main advantage of a crossover
design is that the treatments are compared within experimental units and such studies
allow a more precise comparison of treatments. Some real life applications of the cross-
over designs are discussed by Taka and Armitage (1983) and Matthews (1989).
Literature review of the applications of the three types of crossover designs shows that
each of them has specific applications. The crossover designs with number of periods
less than the treatments are suitable in clinical trials and pharmaceutical studies. The
crossover designs with number of periods equal to the number of treatments so that
each unit receives every treatment once are employed in agriculture and for the sensory
evaluation of food and products. The crossover designs having periods more than the
number of treatments are useful in animal nutrition and educational experiments (e.g.,
Gill 1978).
Crossover designs suitable for estimation of model with first order carryover effects

have been discussed by many authors. However, the experimental studies like Thorough
QT studies (ICH Guidance 2005; Ring et al. 2010, etc.), diet study, asthma study
(Brusasco et al. 2002) etc. in which multi period crossover design is profitably used, it is
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� 2020 Taylor & Francis Group, LLC

COMMUNICATIONS IN STATISTICS—THEORY AND METHODS
https://doi.org/10.1080/03610926.2020.1713370

http://crossmark.crossref.org/dialog/?doi=10.1080/03610926.2020.1713370&domain=pdf&date_stamp=2020-01-16
http://www.tandfonline.com


possible that carryover effects do not die unexpectedly after one period as commented
by Jones and Quenouille (1977, 198). Only four authors discussed crossover designs
suitable for such experiments which require balanced crossover design in first and
second carryover. Patterson (1952) gave the conditions for carryover treatment effects
designs balanced for first and second order carryover effects. Sharma (1977) presented a
method of construction of crossover designs with complete balance for first and second
order carryover effects. Collombier and Merchermek (1993) studied optimal crossover
experimental designs for higher order carryover effects. Bose and Mukherjee (2000)
constructed multi period crossover designs suitable for such studies. Their designs are
optimal for estimation of treatment effects under non additive, higher order carryover
model with correlated errors (Bose and Mukherjee 2003) for a specific correlation struc-
ture that, every two observations from a unit are identically correlated. Aggarwal, Deng,
and Jha (2006) constructed balanced carryover treatment effects designs of first and
second order using balanced incomplete block designs (BIBDs), balanced ternary
designs and mutually orthogonal Latin squares (MOLS).
Bailey (1984) defined the term “terrace” and constructed Quasi-complete Latin

squares. Morgan (1988) generalized the idea of terrace to m-terrace and constructed bal-
anced polycross designs. Divecha and Gondaliya (2014) given modified forms of terrace
called complementary pair of terraces and complementary trio of terraces and provided
four series of minimal balanced crossover designs suitable for first order carryover
model. Gondaliya (2019) provided a computer program that meet the practical need of
experimenters/users through variety of terraces and crossover designs for the same class.
The present paper introduces modified form of terrace called terraceðt, g1, g2Þ and pro-
vides a simple method for the construction of three new series of minimal balanced
crossover designs suitable for the optimal estimation of treatment effects. The
terraceðt, g1, g2Þ constructs two series of crossover designs for the case of more number
of periods than the number of treatments while one series of crossover designs for the
case of less number of periods than the number of treatments. All the designs are min-
imal balanced in first and second carryover and possess good efficiency of separability.
Section 2 presents the model and characterization of crossover designs. Construction of
three new series of crossover designs through terraceðt, g1, g2Þ is discussed and illustrated
by examples in Section 3. Newly constructed designs are compared with literature
through efficiency.

2. Characterization and model

2.1. Characterization of crossover design

A crossover design for t treatments in n experimental units repeatedly measured for p
periods is denoted by CODðt, n, pÞ:
Definition 2.1. A CODðt, n, pÞ is said to be balanced with respect to the set of treat-
ment, first and second order carryover effects if (i) in each period, each treatment is
given to k1 units (ii) in two successive periods, each ordered pair of distinct treatments
is given to k2 units, while, each pair of treatments with itself is given to k3 units, and
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(iii) in two periods at distance of two position, each ordered pair of distinct treatments
is given to k4 units, where integer k1, k2, k4 are positive and k3 is non negative.
Consequently, a balanced crossover design satisfies the following parametric relations,

n ¼ k1t (1)

nðp� 1Þ ¼ ðk2ðt � 1Þ þ k3Þt (2)

nðp� 2Þ ¼ tðt � 1Þk4 (3)

A minimal balanced crossover design is a design in which the number of experimen-
tal units that receive each treatment in each period (k1) is as small as possible. From
(1), (2) and (3), Definition 2.2 follows.

Definition 2.2. A balanced CODðt, n, pÞ is said to be minimal balanced crossover design
if k1 is the smallest integer such that

ðk1ðp� 1Þ � k3Þ � 0ðmoduloðt � 1ÞÞ (4)

ðk1ðp� 2ÞÞ � 0ðmoduloðt � 1ÞÞ (5)

In addition of the characteristic minimal balanced, a crossover design must be char-
acterized for its ability of separating the treatment effects from first and second order
carryover effects. A measure called efficiency of separability (ES) is calculated on the
basis of observed frequencies of treatment with first and second order carryover and the
expected frequencies from an independent model. Following Hanford (2005), a measure
of ES of treatment from first and second order carryover effects for balanced crossover
designs is calculated by

ES ¼ 1� ðt � 1Þk4ðk3 � k2Þ2 þ k24ðk3 þ ðt � 1Þk2Þ
ðk3 þ ðt � 1Þk2Þðt � 1Þk4ðk1 þ k3 þ ðt � 1Þk2 þ ðt � 1Þk4Þ

( )1
2

2
4

3
5� 100%

(6)

For example, the ES of the CODfAAB,BBAg calculated by substituting k1 ¼ 1, k2 ¼
1, k3 ¼ 1 and k4 ¼ 1 in the Equation (6) is 50%. The low ES indicates unsuitability
while the high ES indicates suitability of crossover design for the estimation of treat-
ment, first and second order carryover effects under model 7.

2.2. Model

The model with an addition of second order carryover effects to the simple carryover
model is known as second order carryover model given by,

yijk ¼ lþ pk þ nij þ sdðk, jÞ þ c1dðk�1, jÞ þ c2dðk�2, jÞ þ �ijk (7)

where, yijk is the observation from sequence i having experimental unit j in period k
in which treatment d(k, j) was given, l is the general mean effect, pk is the effect
due to period k, nij is the effect due to experimental unit j having sequence i, sdðk, jÞ
is the effect of treatment d(k, j) in the period in which it is applied, c1dðk�1, jÞ is the

first order carryover effect of treatment dðk� 1, jÞ in the period k which was applied
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in the period k – 1 to the same unit, c2dðk�1, jÞ is the second order carryover effect

of treatment dðk� 2, jÞ in the period k which was applied in the period k – 2 to
the same unit and the �ijk are independently normally distributed error term with
mean 0 and variance r2: It is obvious that there is no first order carryover effect in
the first period and second order carryover effect in first and second period, that
is, c1dð0, jÞ ¼ c2dð�1, jÞ ¼ c2dð0, jÞ ¼ 0:

The joint information matrix of the treatment effects and first and second order car-
ryover effects for the balanced crossover design d is given by

Cdðs, c1, c2Þ ¼
C11 C12 C13

C21 C22 C23

C31 C32 C33

0
@

1
A

where,

C11 ¼ R� 1
n
L1L

0
1 �

1
p
L2L

0
2 þ

r2

np
J,C12 ¼ M1 � 1

n
L1E

0
1 �

1
p
L2N

0
1 þ

rr1
np

J,

C13 ¼ M2 � 1
n
L1E

0
2 �

1
p
L2N

0
2 þ

rr2
np

J,C22 ¼ R1 � 1
n
E1E

0
1 �

1
p
N1N

0
1 þ

r21
np

J,

C23 ¼ M3 � 1
n
E1E

0
2 �

1
p
N1N

0
2 þ

r1r2
np

J,C33 ¼ R2 � 1
n
E2E

0
2 �

1
p
N2N

0
2 þ

r22
np

J,

C21 ¼ C0
12,C31 ¼ C0

13,C32 ¼ C0
23

Here, R is incidence matrix of observations vs treatments; R1 incidence matrix of
observations vs first order carryover; R2 incidence matrix of observations vs second
order carryover; M1 is the incidence matrix of treatments vs first order carryover; M2

the incidence matrix of treatments vs second order carryover; M3 the incidence matrix
of first order carryover vs second order carryover; L1 the incidence matrix of treatments
vs periods; L2 the incidence matrix of treatments vs units; E1 the incidence matrix of
first order carryover vs periods; E2 the incidence matrix of second order carryover vs
periods; N1 the incidence matrix of first order carryover vs units; N2 the incidence
matrix of second order carryover vs units. Also we have r is the replication of treat-
ment; r1 the replication of first order carryover; r2 the replication of second order carry-
over; J the matrix with all elements unity.

3. Construction of crossover designs

Construction of crossover design balanced in first and second order carryover effects
through only two simple steps is discussed in this section. Define a terraceðt, g1, g2Þ in
form of p� s matrix and add all the numbers 0, 1, :::, t � 1 to it.
Step 1: Define terraceðt, g1, g2Þ
Let X be a p� s matrix for some positive integer s ¼ n

t having numbers from Zt ¼
f0, 1, :::, t � 1g in which repeats and non occurrences of the numbers are accepted dur-
ing arrangement of numbers. Let Xð1Þ and Xð2Þ be the ðp� 1Þ � s and ðp� 2Þ � s matri-
ces respectively contain difference of the numbers in following manner,
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Xð1Þ ¼

x21 � x11 x22 � x12 ::: x2s � x1s
x31 � x21 x32 � x22 ::: x3s � x2s

..

. ..
. ..

. ..
.

xp1 � xðp�1Þ1 xp2 � xðp�1Þ2 ::: xps � xðp�1Þs

0
BBBB@

1
CCCCA modulo t

Xð2Þ ¼

x31 � x11 x32 � x12 ::: x3s � x1s
x41 � x21 x42 � x22 ::: x4s � x2s

..

. ..
. ..

. ..
.

xp1 � xðp�2Þ1 xp2 � xðp�2Þ2 ::: xps � xðp�2Þs

0
BBBB@

1
CCCCAmodulo t

Definition 3.1. A p� s matrix X from Zt is said to be a terraceðt, g1, g2Þ for some posi-

tive integer g1 and non negative integer g2 if Xð1Þ contains each non zero numbers of Zt
exactly g1 times, zero exactly g2 times and Xð2Þ contains each non zero number of Zt
exactly g1 times.
Step 2: Write crossover design by adding all the numbers 0, 1, :::, t � 1

to terraceðt, g1, g2Þ
A p� n matrix where n ¼ ts is obtained by adding all the numbers of Zt to each ele-

ments of X modulo t in following way produces the specified crossover design.

x11 þ 0 x12 þ 0 � � � x1s þ 0 � � � x11 þ ðt � 1Þ x12 þ ðt � 1Þ � � � x1s þ ðt � 1Þ
x21 þ 0 x22 þ 0 � � � x2s þ 0 � � � x21 þ ðt � 1Þ x22 þ ðt � 1Þ � � � x2s þ ðt � 1Þ

..

. ..
. ..

. ..
. ..

. ..
. ..

. ..
. ..

.

xp1 þ 0 xp2 þ 0 � � � xps þ 0 � � � xp1 þ ðt � 1Þ xp2 þ ðt � 1Þ � � � xps þ ðt � 1Þ

0
BBB@

1
CCCAmodulo t

Here, rows of the matrix are periods and columns are experimental units. From the
definition of terraceðt, g1, g2Þ, it is clear that k3 ¼ g2 because occurrence of same num-

ber in two successive positions in same column of X contribute zero in Xð1Þ: Now, from

the Equations (1)–(3), k1 ¼ n
t , k2 ¼ nðp�1Þ�g2t

tðt�1Þ and k4 ¼ nðp�2Þ
tðt�1Þ :

Case 3.1. For s¼ 2, p ¼ tþ3
2 for odd t ð> 3Þ, g1 ¼ 1 and g2 ¼ 2, a terraceðt, 1, 2Þ in p� 2

matrix produces a series of minimal balanced COD t, 2t, tþ3
2

� �
by adding all the numbers

of Zt to each elements of X reduced modulo t.
Here, k3 ¼ g2 ¼ 2 and hence from the Equations (1)–(3), k1 ¼ 2, k2 ¼ 1 and k4 ¼ 1:

Now, substituting k1 ¼ 1 in Equation (4), ðk1ðp� 1Þ � k3Þ ¼ t�3
2 , which is not divisible

by t – 1. However, substituting k1 ¼ 2 in Equations (4) and (5) respectively, ðk1ðp�
1Þ � k3Þ ¼ t � 1 and k1ðp� 2Þ ¼ t � 1, which is divisible by t – 1. Hence,
COD t, 2t, tþ3

2

� �
is minimal balanced, because, k1 ¼ 2 is the smallest integer which satis-

fies both the conditions of minimal balanced. Let lij be occurrence of the number i in
column j of matrix Xp�s; nij occurrence of the number i in column j of matrix Xðp�2Þ�s,
then, following theorem must hold.

Theorem 3.1. If terraceðt, 1, 2Þ have minimum value of
Pt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij

among all possible terraceðt, 1, 2Þ, then design d� with
Pt�1

i¼0

Ps
j¼1 l

2
ij ¼ t þ 7 and
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Pt�1
i¼0

Ps
j¼1 n

2
ij ¼ t � 1 from terraceðt, 1, 2Þ is universal optimal for treatment effects

over COD t, 2t, tþ3
2

� �
:

Proof 3.1. After considerable algebra using properties of matrices, it may be shown that
under model 7, for any balanced crossover design d in COD t, 2t, tþ3

2

� �
, the coefficient

matrix Cd of the reduced normal equations for s is given by

Cd ¼ C11 � C12 C13½ �
�
C22 C23

C32 C33

���C21

C31

�

¼
 rp�

Xt�1

i¼0

Xs

j¼1
l2ij þ p

p
I þ r2 � np� k21p

2

np
J

!
�
 
� k4I þ rr2 þ k4np� k21pðp� 2Þ � np

np
J

!
 

p

r2p�
Xt�1

i¼0

Xs

j¼1
n2ij

I þ �rpðr22 � k21pðp� 2ÞÞ
nðr2p�

Xt�1

i¼0

Xs

j¼1
n2ijÞðpr22 � k21p

2ðp� 2Þ þ rr2p� r
Xt�1

i¼0

Xs

j¼1
n2ijÞ

J

!

 
� k4I þ rr2 þ k4np� k21pðp� 2Þ � np

np
J

!

¼
 rp�

Xt�1

i¼0

Xs

j¼1
l2ij þ p

p
� p

r2p�
Xt�1

i¼0

Xs

j¼1
n2ij

!
Iþ

 
r2 � np� k21p

2

np
þ rpðr22 � k21pðp� 2ÞÞ
nðr2p�

Xt�1

i¼0

Xs

j¼1
n2ijÞðpr22 � k21p

2ðp� 2Þ þ rr2p� r
Xt�1

i¼0

Xs

j¼1
n2ijÞ

!
J

Hence, Cd is completely symmetric. Now, the trace of Cd is maximum if and only if

the
Pt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij are minimum. Minimization of

Pt�1
i¼0

Ps
j¼1 l

2
ij andPt�1

i¼0

Ps
j¼1 n

2
ij subject to

Pt�1
i¼0

Ps
j¼1 lij ¼ 2p and

Pt�1
i¼0

Ps
j¼1 nij ¼ 2ðp� 2Þ respectively

leads to,

trCd ¼ t

 rp�
Xt�1

i¼0

Xs

j¼1
l2ij þ p

p
� p

r2p�
Xt�1

i¼0

Xs

j¼1
n2ij

!

þt

 
r2 � np� k21p

2

np
þ rpðr22 � k21pðp� 2ÞÞ
nðr2p�

Xt�1

i¼0

Xs

j¼1
n2ijÞðpr22 � k21p

2ðp� 2Þ þ rr2p� r
Xt�1

i¼0

Xs

j¼1
n2ijÞ

!

� tðrp� p� 4Þ
p

� tp
r2p� 2pþ 4

þ tðr2 � np� 4p2Þ
np

þ trpðr22 � 4pðp� 2ÞÞ
nðr2p� 2pþ 4Þðpr22 � 4p2ðp� 2Þ þ rr2p� 2rpþ 4rÞ

¼ trCd�

Hence, d� satisfies the sufficient conditions for universal optimality as given by Kiefer
(1975) and the theorem is proved.

Example 3.1. For t¼ 5 in the series COD t, 2t, tþ3
2

� �
, arranging eight numbers from the

group Z5 ¼ f0, 1, 2, 3, 4g in 4� 2 matrix as,
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X ¼
0 1
4 2
1 0
1 0

0
BB@

1
CCA

gives terrace(1, 2, 5) because Xð1Þ contains each non zero numbers of Z5 exactly one
time, zero exactly two times and Xð2Þ contains each non zero number of Z5 exactly one
time as shown below.

Xð1Þ ¼
4 1
2 3
0 0

0
@

1
A and Xð2Þ ¼ 1 4

2 3

� �
:

Note that, 1 � �4 (modulo 5), 2 � �3 (modulo 5), 3 � �2 (modulo 5) and 4 � �1
(modulo 5). Adding each number 0, 1, 2, 3 and 4 of Z5 to the matrix X reduced mod-
ulo 5 constructs the minimal balanced CODð5, 10, 4Þ given by

Note that, k1 ¼ 2, k2 ¼ 1, k3 ¼ 2, k4 ¼ 1 and ES ¼ 81%. Also, ðPt�1
i¼0 l

2
i1 þ

Pt�1
i¼0 l

2
i2Þ ¼

12 and ðPt�1
i¼0 n

2
i1 þ

Pt�1
i¼0 n

2
i2Þ ¼ 4, hence design is optimal.

Example 3.2. For t¼ 7 in the series COD t, 2t, tþ3
2

� �
, arranging ten numbers from the

group Z7 ¼ f0, 1, 2, 3, 4, 5, 6g in 5� 2 matrix X gives terrace(1, 2, 7) because Xð1Þ con-
tains each non zero numbers of Z7 exactly one time, zero exactly two times and Xð2Þ

contains each non zero number of Z7 exactly one time as shown below.

X ¼

0 0
1 6
4 3
2 5
2 5

0
BBBB@

1
CCCCAXð1Þ ¼

1 6
3 4
5 2
0 0

0
BB@

1
CCA and Xð2Þ ¼

4 3
1 6
5 2

0
@

1
A:

Adding each number of Z7 to the matrix X reduced modulo 7 constructs the minimal
balanced CODð7, 14, 5Þ given by
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Note that, k1 ¼ 2, k2 ¼ 1, k3 ¼ 2, k4 ¼ 1 and ES ¼ 86%. Also, ðPt�1
i¼0 l

2
i1 þ

Pt�1
i¼0 l

2
i2Þ ¼

14 and ðPt�1
i¼0 n

2
i1 þ

Pt�1
i¼0 n

2
i2Þ ¼ 6, hence design is optimal.

Case 3.2. For s¼ 1, p ¼ t þ 1, g1 ¼ 1 and g2 ¼ 1, a terraceðt, 1, 1Þ in p� 1 matrix pro-
duces a series of minimal balanced CODðt, t, t þ 1Þ by adding all the numbers of Zt to
each elements of X reduced modulo t.
Here, k3 ¼ g2 ¼ 1 and hence from the Equations (1)–(3), k1 ¼ 1, k2 ¼ 1 and k4 ¼ 1:

Now, substituting k1 ¼ 1 in Equations (4) and (5) respectively, ðk1ðp� 1Þ � k3Þ ¼ t � 1
and k1ðp� 2Þ ¼ t � 1, which is divisible by t – 1. Hence, CODðt, t, t þ 1Þ is minimal
balanced, because, k1 ¼ 1 is the smallest integer which satisfies both the conditions of
minimal balanced.

Theorem 3.2 . If terraceðt, 1, 1Þ have minimum value of
Pt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij

among all possible terraceðt, 1, 1Þ, then design d� with
Pt�1

i¼0

Ps
j¼1 l

2
ij ¼ t þ 7 for odd t,Pt�1

i¼0

Ps
j¼1 l

2
ij ¼ t þ 5 for even t and

Pt�1
i¼0

Ps
j¼1 n

2
ij ¼ t þ 1 from terraceðt, 1, 1Þ is univer-

sal optimal for treatment effects over CODðt, t, t þ 1Þ:

Proof 3.2. Under model 7, for any balanced crossover design d in CODðt, t, t þ 1Þ, the
coefficient matrix Cd of the reduced normal equations for s is same as shown in
Theorem 3.1. Hence, Cd is completely symmetric. Now, the trace of Cd is maximum if

and only if the
Pt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij are minimum. Minimization ofPt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij subject to

Pt�1
i¼0

Ps
j¼1 lij ¼ t þ 1 and

Pt�1
i¼0

Ps
j¼1 nij ¼

t � 1 respectively leads to,
for odd t,

trCd � t
rp� ðt þ 7Þ þ p

p
� p
r2p� ðt þ 1Þ

� �

þt
r2 � np� p2

np
þ rpðr22 � pðp� 2ÞÞ
nðr2p� ðt þ 1ÞÞðpr22 � p2ðp� 2Þ þ rr2p� rðt þ 1Þ

 !

¼ trCd�

for even t,

trCd � t
rp� ðt þ 5Þ þ p

p
� p
r2p� ðt þ 1Þ

� �
þ

t
r2 � np� p2

np
þ rpðr22 � pðp� 2ÞÞ
nðr2p� ðt þ 1ÞÞðpr22 � p2ðp� 2Þ þ rr2p� rðt þ 1Þ

 !

¼ trCd�

Hence, d� satisfies the sufficient conditions for universal optimality as given by Kiefer
(1975) and the theorem is proved.

Example 3.3. For t¼ 6 in the series CODðt, t, t þ 1Þ, arranging seven numbers from the
group Z6 ¼ f0, 1, 2, 3, 4, 5g in 7� 1 matrix X ¼ ð0 1 5 5 2 1 3Þ0 gives terrace(1, 6) because
Xð1Þ contains each non zero numbers of Z6 exactly one time, zero exactly one time and Xð2Þ

8 J. GONDALIYA
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ABS TRACT  
 

BACKGROUND 

Laparoscopic cholecystectomy is difficult in acute cholecystitis because the gall 

bladder is usually thick walled and tensely distended. If the inflammation of the gall 

bladder extends to the porta hepatis the dissection becomes difficult. The normally 

thin minimally adherent tissue that invest the cystic duct and artery is markedly 

thickened and oedematous and may not readily separate from these structures with 

the usual blunt dissection technique. The duct wall also may be oedematous, thus 

making its external diameter similar to gall bladder neck and common bile duct. 

Moreover, operative difficulty substantially increases with time. It is believed that 

laparoscopic cholecystectomy in acute cholecystitis is having more operative time, 

more conversion rate and more chance of injury. 

 

METHODS 

We did an observational study to determine the safety, benefits and drawbacks of 

laparoscopic cholecystectomy within 72 hours of symptoms (and beyond that). 

 

RESULTS 

Total 325 patients underwent laparoscopic cholecystectomy in acute cholecystitis. 

Among them 110 patients were operated within 72 hours of appearance of symptoms 

while 215 patients were operated upon after 72 hours of appearance of symptoms. 

The mean duration of surgery was significantly (p< 0.001) less in early surgery group. 

There was no conversion. There was no serious intra operative complication (injury) 

in early group. There was no statistically significant post-operative complication in 

either group. Post-operative stay was significantly less (p<0.004) in early 

laparoscopic cholecystectomy group. Period of return to work was also significantly 

less (p<0.001) in early group. 

 

CONCLUSIONS 

Early (within 72 hours of appearance of symptoms) laparoscopic cholecystectomy 

can be safely advocated in patients of acute cholecystitis. It does not result in 

increased conversion rate or increased intra operative complication. Moreover it 

offers benefits shorter post-operative hospital stay and early return to work than 

laparoscopic cholecystectomy after 72 hours of appearance of symptoms. 
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Cholecystectomy, Laparoscopic, Cholecystitis, Acute 
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BACK GRO UND  
 

 

 

The advent of laparoscopic cholecystectomy has been a 

significant milestone not only in the treatment of gallstone 

disease, but also in the evolution of surgical treatment by 

minimal access. Anecdotal reports of laparoscopic procedure 

related death and bile duct related injury necessitate viewing 

laparoscopic cholecystectomy with cautious enthusiasm.(1) 

With growing experience overcoming the learning curve, 

selection criteria for this surgery has become more liberal. 

Most of previous contraindications such as morbid obesity, 

previous upper abdominal surgery and acute cholecystitis are 

no longer absolute contraindications. Studies involving open 

cholecystectomy have suggested that performing surgery 

within the first 3 days of onset of symptoms reduced the length 

of hospital stay and recovery time without increasing 

complications.(2) The appropriate timing for cholecystectomy 

in the treatment of acute cholecystitis still remains 

controversial. Reports suggested that early laparoscopic 

surgery for acute cholecystitis was associated with increased 

complication rates, prolonged operation times and increased 

conversion rates.(3) As a consequence, initial conservative 

management with subsequent elective laparoscopic 

cholecystectomy became the accepted practice.(4) Delayed 

cholecystectomy potentially increases the chances of further 

gallstone related complications and thus farther hospital 

admission.(5) 

How early cholecystectomy is 'early' is not clear in the 

literature, as this parameter has not been effectively tested in 

controlled randomized trials. Optimal timing of laparoscopic 

cholecystectomy for acute cholecystitis still remains under 

debate.(6) The aim of this study is to evaluate the results of 

laparoscopic cholecystectomy for acute cholecystitis when 

laparoscopy is carried out early (within 72 hours from the 

onset of the symptoms) and late (after 72 hours from the onset 

of the symptoms). The objective of this study is to determine 

optimal timing of surgery with regard to patient safety in cases 

of acute cholecystitis. 

The degree of operative difficulty increases substantially 

over time in acute cholecystitis and surgeons have typically 

used 72 hours as an arbitrary cut off in degree of difficulty of 

dissection. Generally, in the first 48 to 72 hours of symptoms 

the tissue planes are oedematous, but structures are 

identifiable, and the tissue planes separate without much 

difficulty. After 72 hours, the tissues become more friable and 

separate less well, the important structures are less likely to 

be seen well and there is often more obscure bleeding. For 

these reasons it is important to consider operating early in 

acute cholecystitis. Often patients present late after many days 

of symptoms or the gallbladder appears extremely 

oedematous and thick walled on ultrasound. Generally, all of 

these patients should be considered for laparoscopic 

cholecystectomy unless they are extremely ill or significant 

comorbidities exist. If the patient goes to the operating room, 

an attempt at exposure of the Calot's triangle and a trial 

dissection should be undertaken. If it is determined that safe 

laparoscopic cholecystectomy cannot be performed, two 

potential options exist: 1. Conversion to open surgery or 2. 

Cholecystostomy tube placement. An open operation might 

not offer much additional benefit to a very experienced 

laparoscopic surgeon and many recently trained surgeons  

today do not have a great deal of experience performing open 

cholecystectomy, so that conversion may not be that beneficial 

to the surgeon or the patient. 

 

 
 

ME TH OD S  
 

 

The study was conducted at department of surgery, SMIMER 

hospital from September 2013 to December 2015 on patients 

presented and hospitalised with acute cholecystitis, of all age 

groups and gender. Thus, patients taken under this study are 

based on consecutive sampling and purposive sampling (With 

purpose of patients having acute cholecystitis). Diagnosis of 

acute cholecystitis was established on following parameters: 

1) clinical presentation which included; a) pain in abdomen. b) 

Tenderness in right hypochondrium. c) Contraction of the 

abdominal wall in right upper quadrant. d) With or without 

fever. e) With or without nausea and vomiting. 2) Contributory 

laboratory findings. 3) Abdominal ultrasonographic 

confirmation of the diagnosis by presence of gallstones, 

gallbladder wall oedema, pericholecystic fluid collection. 4) 

Intra-operative findings 5) histopathologic examination. All 

cases undergone laparoscopic cholecystectomy, were studied 

under two categories: Group A: laparoscopic cholecystectomy 

performed within 72 hours of onset of symptoms of acute 

cholecystitis. Group B: laparoscopic cholecystectomy 

performed after 72 hours of onset of symptoms of acute 

cholecystitis. The following parameters were analysed: 1) 

demographic information, laboratory tests and 

ultrasonographic features. 2) Duration of surgery. 3) Duration 

of postoperative hospital stay. 4) Incidence of major biliary 

injury and injury to other organs. 5) Conversion of 

laparoscopic surgery to open surgery. 

Laparoscopic cholecystectomy was performed using 

standard technique under general anaesthesia. It is an 

observational study with consecutive and purposive sampling. 

All patients registered from September 2013 to December 

2015 who were hospitalised with acute cholecystitis, of all age 

groups and gender are considered as sample of study. So, the 

sample size is 325 patients. Amongst them 110 patients were 

operated within 72 hours of diagnosis and 215 patients were 

operated after 72 hours of diagnosis. So, study is based on two 

non-randomized groups. (Group A: 110 patients, group B: 215 

patients). 

 

Statistical Analysis 

Descriptive and Inferential statistics have been carried out in 

the study. Using descriptive statistics, results on quantitative 

data are presented in mean (+/-) standard deviation and 

results on qualitative data are presented in percentage (%). 

Using inferential Statistics, significance is assessed at 95% 

level of significance. Student t test (two tailed, independent) 

has been used to find the significance of study parameters on 

continuous scale between two groups on metric 

parameters. Chi-square test, Fisher exact test and Yate's 

correction has been used to find the significance of study 

parameters on categorical scale between two groups. Data 

analysis is done using open EPI software. Microsoft Word and 

Microsoft Excel used to generate graphs, tables etc. 
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RES ULT S  
 

 

 

33.84% patients were operated upon within 72 hours of onset 

of symptoms and included in group A. 66.16% patients were 

operated upon after 72 hours of onset of symptoms and 

included in group B. Mean age (Mean±SD) for group A is 

37.94±12.82 years and for group B it is 40.13±13.92 

years. Group A included 18.19% males and 81.81% females; 

Group B included 24.65% males and 75.35% females. Most 

common presenting complaint was pain in abdomen which 

was seen in all patients. 46.36% of patients in group A and 

43.25% of patients in group B were febrile at the time of 

presentation. One third of the patients (35.6%) presented 

within 24 hours of onset of complaints. Eleven percent of 

patients were found to have raised temperature (>100°F). 

Only 2.5% of patients had pulse rate more than 100 per 

minute. All patients presented with tenderness in right 

hypochondrium. Guarding was present in 71.81% of group A 

and 78.60% of patients of group B. Lump was palpable in 

12.30% cases (13.63% in group A and 11.62% in group B). 

Total WBC count between 11000-15000/cmm was noted 

in 45.45% of patients in group A and 55.34% of patients in 

group B. Total 18 (5.54%) patients had serum bilirubin levels 

more than 2 mg/dl (2.73% patients in group A and 6.98% in 

group B). Serum AST, serum ALT and serum ALP levels were 

found to be elevated only in 13.3%, 17.5% and 11.4 % patients 

respectively (In 11.82%, 16.37% and 8.19% patients 

respectively in group A, while in 13.96%, 18.14% and 13.03% 

respectively in group B). Majority of patients (72%) had 

multiple gallbladder calculi (71.81% in group A and 72.09% in 

group B) while pericholecystic fluid was present in 1.5% of 

cases (0.9% in group A and 1.86% in group B). Wall thickening 

was present in 72% of patients (58.18% in group A and 

79.06% in group B). Common bile duct was normal in 98.5% 

of patients (99.09% in group A and 98.14% in group B). 
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N 110 215 WBC (11000-15000/cmm) (in %) 45.45 55.34 

Percentage 34.92 68.25 Serum bilirubin levels (>2 mg/dl) (in %) 2.73 6.98 

Mean 37.94 40.13 Serum AST (in %) 11.82 13.96 
S.D. 12.82 13.92 Serum ALT (in %) 16.37 18.14 

Male (%) 18.19 24.65 Serum ALP (in %) 8.19 13.03 

Female (%) 81.81 75.35 Multiple gallbladder calculi (in %) 71.81 72.09 
Febrile at the time  

of presentation (%) 
46.36 43.25 Presence of pericholecystic fluid (in %) 0.9 1.86 

Guarding (%) 71.81 78.6 Wall thickening (in %) 58.18 79.06 

Lump 13.63 11.62 Normal Common bile duct (in %) 99.09 98.14 

Mean Duration of 
Surgery 

75.55 94.16 
Standard Deviation of Duration of 

Surgery 
10.47 13.47 

Table 1. Descriptive Analysis (Pre Operation) 

 
 N Mean S.D. t-test p- Value Conclusion 

Group A 110 75.55 10.47 - 
12.281 

 
0.000 

Mean duration of surgery of 
group A is significantly 

 less than group B. 
Group B 215 94.16 13.47 

Table 2. Comparison of Mean Duration of Surgery Using                   
Independent t Test 

 

No patient in group A needed to be converted from 

laparoscopic to open procedure. In group B, laparoscopic 

surgery had to be converted in open surgery in 3 patients, due 

to intra-operative bleeding in 1 patient, due to difficult 

anatomy in 1 patient and due to adhesions in 1 

patient. Duration of surgery was 75.55 +/- 10.87 minutes in 

group A, while it was 94.16 +/- 13.87 minutes in group B. The 

P value is less than 0.001. It shows that mean duration of 

surgery in patients operated under group A was significantly 

less than those operated under group B. 

Most patients (95.38 %) had oedematous gallbladder 

(96.36% in group A and 95.38% in group B). Adhesions were 

present in 90.70% cases (90% in group A and 90.47% in group 

B) while cystic duct was normal in 96.92% cases (98.19% in 

group A and 96.28% in group B). Intraoperative bleeding was 

noted in 1.81% of cases in group A and 7.44% of cases in group 

B. Gallbladder perforation was noted in 1.81 % patients in 

group A and 7.44% patients in group B. Gallbladder aspiration 

was done in 2 cases. Bile duct injury occurred in 2 cases of 

group B. Stone spillage occurred in 0.9% of cases in group A 

and 4.18 % of cases in group B. 
 

 Group A Group B p 
Total 

Patients 
% of 
Total 

 No. % No. %    
Bile Leak - Yes - - 1 00.46 1 1 00.40 
Bile Leak- No 110 100 214 99.54  324 99.60 

Icterus - Yes - - 3 01.39 0.5763 3 00.92 

Icterus - No 110 100 212 98.61  322 90.08 
Uncontrolled BP - - 3 01.39 0.5763 3 00.92 

Uncontrolled Sugar 1 0.90 4 01.86 0.8547 5 01.53 

Wound infection 1 0.90 9 4.18 0.2011 10 03.08 

Table 3. Post-Operative Complications 

 

 N Mean S.D. t-test p Conclusion 

Group A 110 4.46 3.73 

2.884 0.004 

Mean duration of 
postoperative stay of group A 

is significantly less than 
group B. 

Group B 215 5.92 5.26 

Table 4: Comparison of Mean Duration of Postoperative Stay Using 
Independent T Test 

 

Bile leak found postoperatively in one patient of group 

B. Icterus observed in 3 cases of group B. Surgical site infection 

occurred in 0.9% cases in group A and 3.08% of group B 

cases. P value is > 0.05 for all parameters including bile leak, 

icterus, uncontrolled blood pressure, uncontrolled blood sugar 

and wound infection. It means there is no statistically 

significant difference in occurrence of postoperative 

complications between group A and group B. 

Most of the patients (50.15 %) were discharged within 3 

days after surgery (60% in group A and 45.16 % in group B) 

while 24.92 % patients were discharged between 4 to 7 days 

after surgery. 55.15% of patients (60 % from group A and 

45.16 % from group B) were discharged within 3 days of 

surgery. 20.9 % of patients from group A and 26.97 % of 

patients from group B (Total 24.92 %) were discharged within 

4-7 days. 19.08% (17.27% from group A and 20% from group 

B) of patients were discharged in second week. Total of 19 

(5.85%) patients (2 in group A and 17 in group B) were 

discharged after 2 weeks. Three of them had uncontrolled 

hypertension, four had uncontrolled sugar and nine of them 

had surgical site infection. Mean post-operative stay is 4.46 +/- 

3.73 days in group A and 5.92 +/- 5.26 days in group B. The P 

value is p< 0.004. It shows that mean duration of postoperative 

stay in group A was significantly less than that in group 

B. Return to work was calculated from the day of surgery. 

97.27% of patients in group A while 69.76% of patients in 

group B returned to work in first week of surgery. Of 

remaining patients of group B, 25.58 % returned to work in 

second week and 4.64 % in third week of surgery. P value is 
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p<0.001. It shows that period for return to work is significantly 

less for patients in group A than for those in group B. About 

two third of the patients, 217 patients (66.80%) were found to 

have acute on chronic cholecystitis on histopathology report 

(91.81 % in group A and 53.95% in group B). 

 

 
 

 

DI SCU S SI ON  
 

 

Several authors have reported performing laparoscopic 

cholecystectomy in the face of acute inflammation with 

success but with a higher conversion rate than for elective 

laparoscopic cholecystectomy.(7,8,9,10) Lo et al in their 

prospective study reported that despite longer operative 

times and postoperative stays for early laparoscopic 

cholecystectomy (treatment within 5 days) versus delayed 

laparoscopic cholecystectomy (initial conservative treatment 

followed by laparoscopic cholecystectomy 3 to 4 months 

later), the advantage of early laparoscopic cholecystectomy 

was the reduction in the total hospital stay, from 15 to 7 

days.(11) Another prospective study of 105 patients 

randomized to early laparoscopic cholecystectomy (within 24 

hours of diagnosis of acute cholecystitis) versus delayed 

laparoscopic cholecystectomy (6 to 8 weeks later), reported 

no significant difference in conversion rate (Early 21% vs. 

delayed 24%), postoperative analgesic requirement or 

number of postoperative complications. The early group did 

have a longer operative time (123 min vs 107 min, p = 0.04); 

but total hospitalization was shorter (8 days v/s 12 days; p = 

0.001).(12) 

Rattner et al attempted laparoscopic cholecystectomy for 

acute cholecystitis and examined factors that were predictive 

of a successful procedure.(13) Seven of the 20 patients (35%) 

required conversion to open cholecystectomy. The interval 

from admission to cholecystectomy in the successful cases was 

0.6 days versus 5 days in the cases requiring conversion to 

open cholecystectomy. Chahin et al examined the relationship 

between the success rates for laparoscopic surgery and the 

time from onset of acute cholecystitis symptoms to surgery. 

The success rate has dropped significantly after the first 4 

days.(14) These results have been confirmed in more recent 

studies. In the study by Shamim disturbed anatomy at Calot's 

triangle accounted for more than one half of conversions 

(54.32%); The reasons of obscured anatomy were acute 

inflammation (52.27%), chronic cholecystitis (36.36%) and 

aberrant anatomy (11.36%).(10) In 6.17% patients, dense 

adhesions were found between gallbladder and bowel. (3 with 

the stomach and 2 with the transverse colon). They were 

difficult to separate laparoscopically, so conversion to open 

surgery was made. With increasing laparoscopic experience, 

an inverse trend in conversion rates is seen. 
 
 

 

 

CONC LU S ION S  
 

 

 

Cholecystectomy for acute cholecystitis can be safely 

advocated in patients presenting within 72 hours of onset 

symptoms. This does not result in increased major 

complication rates and conversion rates. Early laparoscopic 

cholecystectomy is not associated with more conversion to 

open procedures. Decreased conversion rates result in shorter 

post-operative hospital stay. Early cholecystectomy is 

beneficial as patients tend to return to work earlier. 
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Abstract 
Efficient and well design cash management is important for growth and profit of the firm. Proper cash 
management is also helpful 1n good working capital management. This study attempts to analyze the trends 
of cash management through different cash ratios and find out its impact on firm's liquidity. Here researcher 
took Cash liquidity ratio and cash conversion cycle ratio for trend analysis. The researcher has taken a sample 
of ten Indian pharmaceutical companies which are listed in Bombay Stock Exchange for the period of ten 
years i.e.2008 to 2017. This paper focus on to examine that how selected Indian Pharmaceutical companies 
managed their liquidity through cash management 

Keywords : Liquidity, Cash management, Trend analysis, Pharmaceutical companies 

f INTRODUCTION -
According to (Financial Management. 2005) Cash is the most liquid asset of the entire current asset. 

Cash it may be in hand or in bank. Cash is the life blood of the business firm. Company can meet its daily 
obligations and short term liabilities only from cash. So, there is need of proper cash management for the 
solvency of the firm. Cash is in different form in the business i.e. raw material inventory to account 
receivables and converted into cash after completing one operating cycle of the company. Cash is also 
important for running the business. Higher cash shows that company is more liquid but result is in lower 
profitability as excess cash will not contribute in profit Company should try to invest excess cash in other 
fixed assets so, profitability will be increase. Lower cash indicate that company is not more liquid but it also 
shows that company has higher profitability. Lower cash ratio shows that company has cash crises and it will 
be disrupt the daily business activities. The healthy and steady circulation of cash throughout the year is 
requiring for continuous business activities. So, company should try to lay right amount of cash at the right 
cost and at a right time. Efficient cash management means to find out that the cash from where it i$ to where 
it is needed to be. Adequate cash balance is good for working capital requirement Efficient cash management 
tries to minimize invesnnent in cash without damage to the liquidity of the firm. The ultimate goal of 
management of cash is to maintain minimum cash balance, which supply the firm sufficient liquidity to meet 
its short term obligations. 
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A Comparative Study of the Performance of Selected Indian Pharmaceutical 
Companies with the Reference of Liquidity 

ABSTRACT: 

The aim of this paper is to measure the liquidit;y indicators of ten selected Indian pharmaceutical 
companies, through Kruskal Wallis Test The main object of this paper is to find the answer of question 
that different liquidity indicators of different selected pharmaceutical companies are si/Jnificantly 
different or not? Liquidity ratios, performance ratios and efficiency ratios are used to measure the 
liquidity position of the selected companies. kesearcher applied Kruskal-Wallis Test. This study is based 
on secondary data, which collected from Ace Knowledge, for the period of 2008 to 2017 of selected 
Indian pharmaceutical companies. The result of this study shows that different liquidity indicators of 
different selected pharmaceutical companies are significantly different. 

KEY WORDS: Liquidity, Profitabilit;y, Kruskal Wallis Test, Pharmaceutical companies. 

INTRODUCTION: 

Liquidity plays a vital role in the successful functioning of business. Liquidity shows the ability of the 
firm to pay its current obligation on time. Profitability shows the excess of income over expenses. 
Liquidity and profitability are two important variables to measure the performance of the firm. 
Liquidity and profitability have inverse relationship. Higher the liquidity lower will be the 
profitability. The liquidity focuses on short-term assets which generate low profit and contain low 
risk Every firm tries to maximize its profitability by maintaiJling liquidity. However, increasing profit 
at the cost of liquidity may cause of firm financial insolvency and goodwill. But excessive liquidity on 
one hand indicates the accumulation of ideal funds that don't earn any profit for the firm. So, 
company should maintain balance between liquidity and profitability. 

REVIEW OF LITERATURE: 

(Barad, 2010) Researcher studied the liquidity management, profitability, receivable management 
and cash management of steel industry in India for the period of 199-2000 to 2007-2008. The aim of 
this study was to measured effectiveness and efficiency in the use of resources available in the steel 
industries. Researcher used different techniques for the data analysis such as trend analysis through 
different ratios, average, one-way ANOVA, index and standard deviation. Current ratio of showed 
that selected steel industries had poor liquidity position. The position of current ratio to total assets 
ratio was not good. Working capital turnover ratio was not satisfactory. ANOVA analysis shown that 
there was difference is insignificance. Profitability ratios were good and satisfactory. 

( Noor & Lodhi, 2015) The aim of this paper was to find out how can liquidity effect on profitability. 
Researcher took five automobile sector companies in Karachi for the period of 2010 to 2014. 
Researcher used some liquidity ratios and to find out the relation between liquidity and profitability. 
Descriptive statistics, correlation regression and ANOVA test was apply to data analysis. Result 
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THE CONSTRUCTION OF EFFICIENT MINIMAL BALANCED CROSS-
OVER DESIGNS USING MATLAB
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Abstract : Several field/area demands various minimal balance cross-over designs based on relation between treatment,
period and subject. However, its construction is sometimes difficult, particularly for the non-mathematician experimenter. The
present paper provides a MATLAB program for construction of the minimal balanced cross-over design. This program meets
the practical needs of experimenters/users in the application of cross-over design because it provides a variety of cross-over
designs for the same class by inputting only two user specified parameters, number of treatments, and number of periods. The
MATLAB program constructs cross-over designs for any combination of treatments and periods with its efficiency of
separability. Theoretical construction is difficult when number of treatments or periods is large, but through this program
experimenter/user easily constructs number of cross-over designs. This program also constructs recently investigated cross-
over designs.
Key words : Cross-over, Minimal balanced, Directed m-terrace, Carry over effect, MATLAB.
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1. Introduction
A cross-over design is an experimental design

where every subject is measured repeatedly by applying
different treatments over period and these treatments
are given in a randomly assigned sequence. However,
due to implementation of more than one treatment on
same subjects, every subject is also affected by carry
over effects of treatment applied in previous period.
Many authors, Carriere (1993), Collombier and
Merchermek (1993), Dey et al. (1983), Divecha and
Gondaliya (2014), Grizzle (1965), Jones and Donev
(1996), Jones and Kenward (2003), Kunert (1984),
Kushner (1997), Martin and Eccleston (1998) and
others have discussed cross-over design with carry over
effects under certain assumptions.

Several field/area uses cross-over design for the
comparison of treatments. Taka and Armitage (1983),
Matthews (1989) have discussed some real life
applications of the cross-over designs. Based on the
experimental needs, cross-over designs can be divided
in three types and each of them has a specific

applications. Clinical trials as well as pharmaceutical
studies generally demand the cross-over designs with
fewer periods than the number of treatments.
Agriculture and the field of the sensory evaluation of
food and products generally use cross-over designs with
periods equal to the treatments. Animal nutrition as well
as educational experiments [Gill (1978)] requires cross-
over designs with more periods than the treatments.
However, in all above three cases, cross-over designs
balanced in minimum number of subjects called minimal
balanced are preferable [Hedayat and Afsarinejad
(1975)].

Bailey (1984) has given the terrace for the
construction of Quasi-complete Latin squares. Morgan
(1988) defined m-terrace for the construction of
balanced polycross designs. Divecha and Gondaliya
(2014) provided new series of cross-over designs
through new defined terraces as complementary pair
of terraces and a complementary trio of terraces. The
method of construction of the Divecha and Gondaliya
(2014) is very simple, but to define terraces are very
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difficult, particularly for the non-mathematician
experimenters/users. The goal of the present work is
to construct cross-over design including new series
using MATLAB Math Works (2012) so that non-
mathematician experimenters/users easily constructs
it for specified combination of the number of treatments
and periods. The present paper introduces MATLAB
program that constructs minimal balanced cross-over
design with its efficiency of separability. MATLAB
program is written in such a way that experimenters/
users need to input only two parameters as the number
of treatments and number of periods. This program is
also able to construct the cross-over designs for any
combination of treatments and periods. MATLAB
program gives flexibility to experimenter according to
requirement of the experiment by producing all possible
minimal balanced cross-over designs for the specified
class. The paper is organized as follows. The Section 2
presents the review on construction of cross-over
design. Computer algorithm is presented for the
construction of efficient cross-over designs in Section
3. A general MATLAB program for the construction
of cross-over designs and the relevant procedures is
discussed in Section 4. In Section 5, example is given
to illustrate the procedure of the MATLAB program.
A conclusion is provided in Section 6.
2. Review on Construction of Cross-over

Design through terraces
We begin this section with the model for the cross-

over design. Let yijk denotes the observation from jth
subject of ith sequence in kth period to which treatment
d(k, j) is given, µ is the general mean, d(k, j) is {d(k,
j)}th treatment effect, k is kth period effect, ij is jth
subject effect having ith sequence. Then the carry over
model repeatedly discussed in optimal cross-over design
literature is traditional carry over model given by

yijk = µ + d(k,j) + d(k–1,j) + k + ij + ijk (1)
Where, ijk are independently normally distributed

error term with mean 0 and variance 2. The another
model is self and mixed carry over model given by
yijk = µ + d(k,j) + d(k–1,j) + d(k–1,j) + k + ij + ijk (2)

Where, 1d(k–1, j) is the carry over effect of the
treatment preceded by other treatment in the previous
period and 2d(k–1, j) is the carry over effect of treatment
preceded by itself in the previous period. Also, we denote
cross-over design of t treatments in n subjects and p
periods by COD (t, n, p). All the cross-over designs

constructed in this paper are suitable for estimation of
all the effects included in model (1) as well as (2). Let,
we discuss some important definitions.

“A COD (t, n, p) is said to be balanced with respect
to the set of treatment and first order carry over effects
if (i) in each period, each treatment is given to 1 units,
and (ii) in two successive periods, each ordered pair of
distinct treatments is given to 2 units, while, each pair
of treatments with itself is given to 3 units, where
integer 1, 2 are positive and 3 is non-negative”. If
2 = 3, then a balanced cross-over design is said to be
strongly balanced. “A balanced COD (t, n, p) is said to
be minimal if 1 is the smallest integer and satisfy the
following condition”.

     1modulo01 31  tp (3)

Construction of cross-over design
In this subsection, simple form of construction of

five series of minimal balanced cross-over design of
Divecha and Gondaliya (2014) has been shown.

First series COD 





 

2
12 t,t,t

For the construction of a minimal balanced cross-

over design from the series COD 





 

2
12 t,t,t  for odd

t, first, write two set of numbers a = (a1, a2, …, ap) and
b = (b1, b2, …, bp) from group Zt = (0, 1, …, t-1) such
that (a2–a1, a3–a2, …, ap–ap–1, b2-b1, b3-b2, …,
bp-bp–1) modulo t contains every number of the
set (1, …, t–1) single time. Second, write p × t matrix
by adding 0, 1, …, t–1 to the set a and b shown below
constructs cross-over design for t treatments in 2t

subjects and 
2

1t
 periods.

                        Subjects

Periods

111100

1111002
1111001

212...4321

222222

111111








tbtababap

tbtababa
tbtababa
tt

pppppp 







  modulo t

where, .tp
2

1
  Here, 1 = 2, 2 = 1, 3 = 0 and

%.
t

ES 100
1

11
2
1

2 
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Second series COD 














 1

2
2 t,t,t

For the construction of a minimal balanced cross-

over design from the series COD 














 1

2
2 t,t,t  for

even t,  first, write two set of numbers
a = (a1, a2, …, ap) and b = (b1, b2, …, bp) from group
Zt = (0, 1, …, t-1) such that (a2-a1, a3-a2, …, ap-ap–1,
b2-b1, b3-b2, …, bp-bp–1) modulo t contains every
numbers of the set (0, 1, …, t-1) single time. Second,
write p × t matrix by adding 0, 1, …, t-1 to the set a and
b shown below constructs cross-over design for t

treatments in 2t subjects and 1
2







 t  periods.

                        Subjects

Periods
111100

1111002
1111001

212...4321

222222

111111








tbtababap

tbtababa
tbtababa
tt

pppppp 







  modulo t

where, 1
2









tp . Here, 1 = 2, 2 = 1, 3 = 1

and ES = 100%.

Third series COD 







2
3 t,t,t

For the construction of a minimal balanced cross-

over design from the series COD 







2
2 t,t,t  for even

t ( 4), first, write three set of numbers a = (a1, a2, …,
ap), b = (b1, b2, …, bp) and c = (c1, c2, …, cp) from
group Zt = (0, 1, …, t-1) such that (a2-a1, a3-a2, …, ap-
ap–1, b2-b1, b3-b2, …, bp-bp–1, c2-c1, c3-c2, …, cp-cp–1)
modulo t contains every numbers of the set (1, …, t-1)

single time and zero 
2
3

(t-2) – (t-1) times. Second, write

p × t matrix by adding 0, 1, …, t-1 to the set a, b and c
shown below constructs cross-over design for t

treatments in 3t subjects and 
2
t  periods.

                        Subjects

Periods

111...000
...

111...0002
1110001

31323...321

222222

111111








tctbtacbap

tctbtacba
tctbtacba
ttt

pppppp





  modulo t

where, .tp
2

  Here, 1 = 3, 2 = 1,

2
3

3  (t-2)–(t-1)

and  
  %.
tt.

t.ES 100
1252

3501
2
1































Fourth series COD (t, t, t)
For the construction of a minimal balanced cross-

over design from the series COD (t, t, t), first, write a
set of numbers a = (a1, a2, …, a t) from group
Zt = (0, 1, …, t-1) such that (a2-a1, a3-a2, …, at-at–1)
modulo t contains every numbers of the set (1, …, t-1)
single time. Second, write p × t matrix by adding 0, 1,
…, t-1 to the set a shown below constructs cross-over
design for t treatments in t subjects and t periods.

                        Subjects

Periods  

110

1102

1101

21

222

111







taaap

taaa

taaa

t

ppp 









  modulo t

Here, 1 = 1, 2 = 1, 3 = 0 and

  %.
tt

ES 100
1

11
2
1





























Fifth series COD 
 







 


2

11 tm,t,t

For the construction of a minimal balanced cross-

over design from the series COD 
 







 


2

11 tm,t,t

for even m ( 4), first, write a set of numbers
a = (a1, a2, …, ap) from group Zt = (0, 1, …, t-1) such
that (a2-a1, a3-a2, …, at-ap–1) modulo t contains every



numbers of the set (1, …, t-1) exactly 
2
m

 times.

Second, write p × t matrix by adding 0, 1, …, t-1 to the
set a shown below constructs cross-over design for t

treatments in t subjects and 
 
2

11 


tm
 periods.

                        Subjects

Periods  

110

1102

1101

21

222

111







taaap

taaa

taaa

t

ppp 









  modulo t

where, 
  .tmp
2

11 
  Here, 1 = 1, ,m

22   3

= 0 and 
     .%

tmt
mES 100

121
1

2
1





























Here, it is clear that, for every series, the method
of construction is very simple however to define the
sets (terraces) is very difficult and sometime it is
impossible for large number of treatments or periods.
Computer program helps to define the sets and to
construct such cross-over design. Let, we discuss
algorithm for the computer program in next section.
3. Algorithm

In this section, computer algorithm is presented for
the construction of efficient cross-over designs under
the model (1) and (2). A broad outline of the algorithm
is given below
1. Input parameters t and p.
2. Generate all possible treatment sequences of t

treatments in p periods.

3. If p is less than t and is equal to int ,t 1
2







  then

go to case 1 of step 4, else if p is less than t ( 4)

and is equal to 







2
t

 or ,t 1
2







  then go to case 2

of step 4, else if p is equal to t or t+1, then go to
case 3 of step 4, else if t–1 divides p–1 or p–2,
then go to case 4 of step 4, else, go to case 5 of
step 4.

4. Case 1 : Generating cross-over designs from series

       COD .t,t,t 














 1

2
2

(i) Consider two treatment sequences (say, (a, b))
arbitrarily from those obtained in step 2.

(ii) Define (a2–a1, a3–a2, …, ap–ap–1, b2–b1, b3-
b2, …, bp–bp–1) modulo t (say (a*, b*) modulo
t).

(iii) Check (a*, b*) modulo t for containing number
(1, …, t-1) single time in case of odd t,
whereas, every number (0, 1, …, t-1) single
time in case of even t. If it does not contain
then return to step (i).

(iv) Repeat step (i) to (iii) until combinations of two
treatment sequence does not satisfy the
condition (iii).

(v) Construct COD (t, n, p) by adding each number
(0, 1, …, t–1) one after another to (a, b)
reduced modulo t and calculate its efficiency
of separability.

(vi) Produce COD (t, n, p) with its efficiency of
separability.

(vii)Repeat step (i) to (vi) if experimenter requires
alternative cross-over designs or all possible
cross-over designs in the class, otherwise,
terminate the program.

Case 2 : Generating cross-over designs from series

       COD 







2
3 t,t,t  for even t (> 4).

(i) Consider three treatment sequences (say, (a,
b, c)) arbitrarily from those obtained in step 2.

(ii) Define (a2-a1, a3-a2, …, ap-ap–1, b2-b1, b3-b2,
…, bp–bp–1, c2-c1, c3-c2, …, cp–cp–1) modulo t
(say (a*, b*, c*) modulo t).

(iii) Check (a*, b*, c*) modulo t for containing
number (1, …, t–1) single time and zero
3/2(t-2) – (t-1) times. If it does not contain then
return to step (i).

(iv) Repeat step (i) to (iii) until combinations of three
treatment sequences does not satisfy the
condition (iii).

(v) Construct COD (t, n, p) by adding each number
(0, 1, …, t–1) one after another to (a, b, c)
reduced modulo t and calculate its efficiency
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of separability.
(vi) Produce COD (t, n, p) with its efficiency of

separability.
vii. Repeat step (i) to (vi) if experimenter requires

alternative cross-over designs or all possible
cross-over designs in the class, otherwise,
terminate the program.

Case 3 : Generating cross-over designs from series
       COD (t, t, t).

(i) Consider a treatment sequence (say, a) from
those obtained in step 2.

(ii) Define (a2-a1, a3-a2, …, ap-ap–1) modulo t (say
a* modulo t).

(iii) Check a* modulo t for containing number (1,
…, t-1) single time. If it does not contain then
return to step (i).

(iv) Repeat step (i) to (iii) until a treatment
sequence does not satisfy the condition (iii).

(v) Construct COD (t, n, p) by adding each number
(0, 1, …, t–1) one after another to a reduced
modulo t and calculate its efficiency of
separability.

(vi) Produce COD (t, n, p) with its efficiency of
separability.

(vii)Repeat step (i) to (vi) if experimenter requires
alternative cross-over designs or all possible
cross-over designs in the class, otherwise,
terminate the program.

Case 4 : Generating cross-over designs from series

       COD
 







 


2

11 tm,t,t  for even m ( 4).

(i) Consider a treatment sequence (say, a) from
those obtained in step 2.

(ii) Define (a2-a1, a3-a2, …, ap-ap–1) modulo t (say
a* modulo t).

(iii) Check a* modulo t for containing number (1,
…, t-1) exactly m/2 times. If it does not contain
then return to step (i).

(iv) Repeat step (i) to (iii) until a treatment
sequence does not satisfy the condition (iii).

(v) Construct COD (t, n, p) by adding each number
(0, 1, …, t-1) one after another to a reduced
modulo t and calculate its efficiency of
separability.

(vi) Produce COD (t, n, p) with its efficiency of
separability.

(vii)Repeat step (i) to (vi) if experimenter requires
alternative cross-over designs or all possible
cross-over designs in the class, otherwise,
terminate the program.

Case 5 : Cross-over design does not possible for
the inputted combination of the
parameters t and p.  Terminate the
program by showing the message
‘Unexpected combination of t and p. No
design created’.

By following the steps of the above algorithm,
users/experimenters can generate the cross-over
designs in several programming system like SAS, R,
MATLAB etc. MATLAB program is given in the
following section.
Table 1: List of treatments and periods less than twenty of

possible cross-over designs through MATLAB
program.

t p
2 2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20
3 2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20
4 2,3,4,5,7,8,10,11,13,14,16,17,19,20
5 3,4,5,6,9,10,13,14,17,18
6 3,4,5,6,7,11,12,16,17
7 4,5,7,8,13,14,19,20
8 4,5,6,8,9,15,16
9 5,6,9,10,17,18
10 5,6,7,10,11,19,20
11 6,7,11,12
12 6,7,8,12,13
13 7,8,13,14
14 7,8,9,14,15
15 8,9,15,16
16 8,9,10,16,17
17 9,10,17,18
18 9,10,11,18,19
19 10,11,19,20
20 10,11,12,20

4. MATLAB Program
In this section, MATLAB program is described

including the input parameters, the way to run the
program and the output of the program.
Input Parameters

The computer program is simple in terms of the
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input parameters for the construction of cross-over
designs in specified combination of parameters. This
program is written in such a way that experimenter/
user has to input only two parameters for the
construction of the cross-over design. First input
parameter is number of treatments and second is
number of periods. This program works for most of
the combination of treatments and periods. List of the
combinations of treatments and periods between two

to twenty are shown in Table 1 for which cross-over
designs are possible through this program. To have a
clear exposition on the working of the program, consider
the following subsection.
Running the Program

The program given below constructs cross-over
designs for the several combinations of treatments and
periods, including listed in the Table 1. The m-file is

also available through E-mail on request to the author.
t=input(‘Enter number of treatments:’)
p=input(‘Enter number of periods:’)

%__________________________________________________________________________________
ts=0; altdesign=1; rlp=0;
if (p==floor(t/2+1) & p~=t) || (p==floor(t/2+1)+1 & p~=t & p~=t+1)

theorem=1;
if p==floor(t/2+1)+1

p=p-1; rlp=1;
end

else if (p==t/2 & t>=4) || (p==t/2+1 & t>=4 & p~=t & p~=t+1)
theorem=2;
if p==t/2+1

p=p-1; rlp=1;
end

else if p==t || p==t+1
theorem=3;
if p==t+1

p=p-1; rlp=1;
end

else if mod(p-1,t-1)==0 || mod(p-2,t-1)==0
  if mod(p-2,t-1)==0

p=p-1; rlp=1;
end
mby2=(p-1)/(t-1); theorem=4;

else
theorem=5;
end

end
end

end
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conA(1:t^p,1:p)=0; astar(1:t^p,1:p-1)=0;
if (theorem~=5)

for coni=1:p
k=1;

for conj=1:t^p
conA(conj,coni)=k-1; ts=ts+1;

if (mod(conj,t^(p-coni))==0)
k=k+1;

end
if k>t

k=1;
end

end
end

end
switch theorem

case 1
for coni=1:p-1

astar(:,coni)=mod(conA(:,coni+1)-conA(:,coni),t);
end
for coni=1:t^p

for conj=coni+1:t^p
if mod(t,2)==0

oddevet=1; allele=0; lambda3=1;
else

oddevet=2; allele=1; lambda3=0;
end
for conl=oddevet:t

for conk=1:p-1
if (astar(coni,conk)==conl-1 || astar(conj,conk)==conl-1)

allele=allele+1;
break

end
end

end
if allele==t

cod(1:p,1:2*t)=0; cta=conA(coni,:); ctb=conA(conj,:);
cod(:,1)=cta’; cod(:,2)=ctb’; codsub=3;
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for conm=1:t-1
cod(:,codsub)=cta’+conm; cod(:,codsub+1)=ctb’+conm;
codsub=codsub+2;

end
crossoverdesign(1:p,1:2*t)=0; crossoverdesign=mod(cod,t);
if rlp==0

crossoverdesign=mod(cod,t); lambda1=2; lambda2=1;
else

crossoverdesign=mod(cod,t);
crossoverdesign(p+1,:)=crossoverdesign(p,:);
lambda1=2; lambda2=1; lambda3=lambda3+2;

end
ES=round(100*(1-sqrt((lambda3-lambda2)^2/((lambda3+(t-1)*
lambda2)*(lambda1+lambda3+(t-1)*lambda2)))));
disp(‘Crossover Design is:’); crossoverdesign
disp(‘Efficiency of Separability (in “%”) is:’); ES
if altdesign==1
altdesign=input(‘Press 1 to generate alternative design,
Press 2 to generate all possible designs, otherwise Press 0:’)
end

end
if altdesign==0

break
end

end
if altdesign==0

break
end

end
case 2

for coni=1:p-1
astar(:,coni)=mod(conA(:,coni+1)-conA(:,coni),t);

end
lambda3=1.5*(t-2)-(t-1);
for coni=1:t^p

for conj=coni+1:t^p
for conh=conj+1:t^p

if lambda3==0
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oddevet=2; allele=1;
else

oddevet=1; allele=0;
end
for conl=oddevet:t
for conk=1:p-1

if (astar(coni,conk)==conl-1 || astar(conj,conk)==conl-1 ||
astar(conh,conk)==conl-1)

allele=allele+1;
break

end
end

end
if allele==t

cod(1:p,1:3*t)=0; cta=conA(coni,:); ctb=conA(conj,:);
ctc=conA(conh,:); cod(:,1)=cta’; cod(:,2)=ctb’;
cod(:,3)=ctc’; codsub=4;
for conm=1:t-1

cod(:,codsub)=cta’+conm; cod(:,codsub+1)=ctb’+conm;
cod(:,codsub+2)=ctc’+conm; codsub=codsub+3;

end
crossoverdesign(1:p,1:3*t)=0;
if rlp==0

crossoverdesign=mod(cod,t); lambda1=3; lambda2=1;
else

crossoverdesign=mod(cod,t);
crossoverdesign(p+1,:)=crossoverdesign(p,:);
lambda1=3; lambda2=1; lambda3=lambda3+3;

end
ES=round(100*(1-sqrt((lambda3-lambda2)^2/((lambda3+(t-1)*
lambda2)*(lambda1+lambda3+(t-1)*lambda2)))));
disp(‘Crossover Design is:’); crossoverdesign
disp(‘Efficiency of Separability (in “%”) is:’); ES
if altdesign==1
altdesign=input(‘Press 1 to generate alternative design,
Press 2 to generate all possible designs, otherwise Press 0:’)
end

end



if altdesign==0
break

end
end
if altdesign==0

break
end

end
if altdesign==0

break
end

end
case 3

for coni=1:p-1
astar(:,coni)=mod(conA(:,coni+1)-conA(:,coni),t);

end
lambda3=0;
for coni=1:t^p

allele=1;
for conl=2:t

for conk=1:p-1
if (astar(coni,conk)==conl-1)

allele=allele+1;
break

end
end

end
if allele==t
cod(1:p,1:t)=0; dirter=conA(coni,:); cod(:,1)=dirter’;
codsub=2;

for conm=1:t-1
cod(:,codsub)=dirter’+conm; codsub=codsub+1;

end
crossoverdesign(1:p,1:t)=0;
if rlp==0

crossoverdesign=mod(cod,t); lambda1=1; lambda2=1;
else

crossoverdesign=mod(cod,t);
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crossoverdesign(p+1,:)=crossoverdesign(p,:);
lambda1=1; lambda2=1; lambda3=1;

end
ES=round(100*(1-sqrt((lambda3-lambda2)^2/((lambda3+(t-1)*
lambda2)*(lambda1+lambda3+(t-1)*lambda2)))));
disp(‘Crossover Design is:’);
crossoverdesign
disp(‘Efficiency of Separability (in “%”) is:’);
ES
if altdesign==1
altdesign=input(‘Press 1 to generate alternative design,
Press 2 to generate all possible designs, otherwise Press 0:’)
end

end
if altdesign==0

break
end

end
case 4

for coni=1:p-1
astar(:,coni)=mod(conA(:,coni+1)-conA(:,coni),t);

end
lambda3=0;
for coni=1:t^p

allele=0;
rep(1:1,1:t-1)=0;
for conl=2:t

for conk=1:p-1
if (astar(coni,conk)==conl-1)

allele=allele+1; rep(1,conl-1)=rep(1,conl-1)+1;
end

end
if rep(1,conl-1)~=mby2

break
end

end
if rep(1:1,1:t-1)==mby2*ones(1,t-1)

m=2*mby2; cod(1:p,1:t)=0; dirmter=conA(coni,:);
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cod(:,1)=dirmter’; codsub=2;
for conm=1:t-1

cod(:,codsub)=dirmter’+conm; codsub=codsub+1;
end
crossoverdesign(1:p,1:t)=0;
if rlp==0

crossoverdesign=mod(cod,t); lambda1=1; lambda2=m/2;
else

crossoverdesign=mod(cod,t);
crossoverdesign(p+1,:)=crossoverdesign(p,:);
lambda1=1; lambda2=m/2; lambda3=lambda3+1;

end
ES=round(100*(1-sqrt((lambda3-lambda2)^2/((lambda3+(t-1)*
lambda2)*(lambda1+lambda3+(t-1)*lambda2)))));
disp(‘Crossover Design is:’); crossoverdesign
disp(‘Efficiency of Separability (in “%”) is:’); ES
if altdesign==1
altdesign=input(‘Press 1 to generate alternative design,
Press 2 to generate all possible designs, otherwise Press 0:’)

end
end
if altdesign==0

break
end

end

otherwise
warning(‘Unexpected combination of t and p. No

design created.’);
end

Executing the program given above in the
MATLAB, it asks for two user specified parameters,
first, the number of treatments, second, number of
periods. Once input these two parameters, program
search the cross-over design for the defined
combination. If cross-over design is possible in any
number of the subjects, then the program generates
the cross-over design with its efficiency of the
separability (ES) as per the form shown in following
subsection. Then the program asks for the further
procedure by showing the message Press 1 to generate
alternative design, Press 2 to generate all possible

designs, otherwise Press 0: If experimenter presses 1,
then the program generates the alternative design in
the same class and again shows the same message.
This procedure continues until experimenter press 1 as
experimenter does not get the satisfactory cross-over
design. If experimenter presses 2, then the program
generates the all possible remaining cross-over designs
in the defined class so that experimenter has choices
to selects a suitable cross-over design which fulfill the
essential requirements of the experiment. If
experimenter presses 0, then the program will stop to
search the cross-over design.
Output

The output of the execution of the above program
is a cross-over design in the specified parameters and
efficiency of separability. Rows of the generated cross-
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over design are periods and columns of the design are
subjects. For example, output given below is of the
experimental situation, t = 4 and p = 3. Here, first
treatment sequence is 001 represents treatment label
0  is given to first subject in period one and two, and,
treatment label ‘1’ is given to period three. For each
cross-over design, program generates the efficiency
of separability. Here, in following output efficiency of
the cross-over design is 100%.

Cross-over Design is
Cross-overdesign =

0 0 1 1 2 2 3 3
0 2 1 3 2 0 3 1
1 1 2 2 3 3 0 0

Efficiency of Separability (in “%”) is
ES =
        100

5. Illustrative example
Consider an experimental situation where t = 4 and

p = 3. Cross-over design of 4 treatments in 3 periods
can be constructed by following steps.

1. Run program in MATLAB
2. Press 4 for the argument ‘Enter number of

treatments:’ and press enter
3.  Press 3 for the argument “Enter number of

periods:” and press enter. The program
generates following output,

Crossover Design is:
crossoverdesign =

0 0 1 1 2 2 3 3
0 2 1 3 2 0 3 1
1 1 2 2 3 3 0 0

Efficiency of Separability (in “%”) is:
ES =
        100

Press 1 to generate alternative design, Press 2 to
generate all possible designs, otherwise Press
0:

4. If press 1 and press enter, then program gives
alternative cross-over design as given below,

Crossover Design is:
crossoverdesign =

0 0 1 1 2 2 3 3
0 3 1 0 2 1 3 2
1 1 2 2 3 3 0 0
Efficiency of Separability (in “%”) is:
ES = 100
Press 1 to generate alternative design, Press 2
to generate all possible designs, otherwise Press
0:

5. If press 2 and press enter, then the program
gives remaining all possible 188 cross-over
designs in which first and last is,
Cross-over Design is:
cross-overdesign =

0 1 1 2 2 3 3 0
0 0 1 1 2 2 3 3
1 2 2 3 3 0 0 1

Efficiency of Separability (in “%”) is:
ES =
        100
    .
    .
    .
Crossover Design is:
crossoverdesign =
    3 3 0 0 1 1 2 2
    2 3 3 0 0 1 1 2
    3 1 0 2 1 3 2 0
Efficiency of Separability (in “%”) is:
ES =
        100

6. Then the program automatically stops to run.
The above design is minimal balanced cross-
over design denoted as COD (4, 8, 3) with
100% ES. The four treatments are denoted as
0, 1, 2 and 3. Note that, here only first and last
design of 188 is shown because it is not possible
to show all.

6. Conclusion
The article presents a MATLAB program to

construct all three types of minimal balanced cross-
over designs as number of treatments is less, equal and
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more than the number of periods. This program solves
the problem of construction of cross-over design for
non-mathematician experimenter/user by constructing
cross-over design through inputting only two user
specified parameters, first, number of treatments and
second, number of periods. Recently investigated
minimal balanced cross-over designs are also
constructed with its efficiency of separability by the
program. Now, construction is also possible for a large
number of treatments and periods which is generally
difficult for experimenter/user. Sometime, it may not
be convenient or possible in the experiment to use the
certain sequences or periods of the cross-over design.
Outcome of this article would solve this problem to a
certain extent by constructing a variety of cross-over
design in the same class.
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ABSTRACT

The additional benefits in the analysis of crossover designs with two active
treatments and a placebo motivated us to study these kinds of designs.
These designs have been studied through a computer search algorithm,
called 5M balanced algorithm, in two to four periods for different number
of units, which resulted in optimal and/or efficient crossover designs. The
new two periods crossover designs having two active treatments and
a placebo, enables the estimation of treatment contrasts, unlike the classic
two treatments two periods crossover which fails to estimate the treatment
contrasts under self and mixed carryover model. The crossover designs
having three or four periods in two active treatments and a placebo,
estimate treatment contrasts more efficiently under self and mixed carry-
over model than the usual two treatments crossover designs. An exhaustive
list of optimal and/or efficient crossover designs has been provided for
designs in two periods having 6–21 subjects, three periods having 3–20
subjects and four periods having 3–14 subjects. In this list, 35 new designs
are optimal for one of the established carryover models and 26 new designs
are optimal and/or efficient to all four plausible carryover models.
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1. Introduction

Designs with a new therapy, standard therapy and a placebo are sometimes referred as “gold
standard” trials. There are two kinds of objectives associated with these trials: first, compare two
active treatments and, second, compare active treatments with placebo. These research objectives are
carried out using crossover designs (CODs) because within subject treatment comparisons are more
efficient than between subject treatment comparisons. For example, Tsoy et al. (1990) used three-
period crossover design in three treatments as double-blind gold standard trial on patients suffering
from exercise-induced asthma. They used data values of forced expiratory volume (FEV1) obtained
after an exercise challenge for comparing the protective effect of a single dose of a study therapy
formetorol solution aerosol 12 mg (F12), with a single dose of standard therapy salbutamol suspen-
sion aerosol 100 mg (F100) and with a placebo (P).

In crossover designs, each subject is measured according to a treatment sequence over successive
periods of time, the carryover effects may sustain for different amounts of time. According to Senn
(1992) if carryover is present to any appreciable degree then the usual statistical models provide no
guaranteed protection against its effects. Owing to this reason, Senn and Lambrou (1998) investi-
gated two treatments four periods CODs under traditional and steady state carryover models and
concluded that statisticians cannot provide a general design and estimation strategy that give
guarantee to deal with carryover. The steady state model assumes that the carryover from the
same treatment applied in the previous period ultimately vanishes to zero.
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Koch et al. (1989) proposed a two periods COD in 10 sequences for comparison of two active
treatments in presence of placebo. Jones and Donev (1996) improved their design into three periods
design to optimize the active treatment comparison. However, both the authors have assumed that
carryover effects of active treatments and placebo are equal in magnitude but opposite in sign. Since
proving optimality through combinatorial theory is tractable only for restricted class of designs, many
authors, Jones and Donev (1996), John et al. (2004), Yang and Stufken (2008) and Satpati et al. (2012) used
computer search algorithm to construct optimal CODs in two or more treatments for specific models.

A design optimal for one statistical model may not be optimal for another. Also, a design that
estimate treatment contrasts under one model may not estimate under another. It is therefore of
interest to identify designs that provide efficient estimates of treatment contrasts (relative to an
optimal design) for more than one model.

Hedayat and Stufken (2003) studied CODs in t treatments having two to four periods under two
carryover models and identified optimal and efficient CODs. Ozan and Stufken (2010) assessed the
impact of carryover effects on the variances of the estimators of treatment differences in CODs for
several models. They suggested that one should use a design that produces estimates with smaller values
of variance relative to other designs with the same number of treatments and periods for all or most of
the models under consideration. However, these authors did not consider the number of subjects while
comparing different designs, which in fact is an important parameter and has a significant impact, not
only on the choice of an optimal design but also in the execution of a crossover experiment. In
particular, for experiments comparing a new treatment with a standard treatment, two more kinds of
carryover models are likely to exist: the traditional carryover model and the self and mixed carryover
model with only new treatment yielding carryover effect. Gondaliya and Divecha (2018) constructed
two treatments CODs in various number of subjects for five different models, and contributed several
new optimal and/or efficient CODs. However, there exist no two treatments two periods COD which
can estimate treatment contrast under self and mixed carryover model. On the other hand, CODs in
two active treatments and a placebo have additional benefit in analysis (Divecha and Gondaliya (2019)).
These two reasons motivated us to study CODs in two active treatments and a placebo with a view to
facilitate user with CODs in variety of the number of subjects under arbitrary carryover assumptions.

In this paper, optimal and/or efficient CODs of two active treatments and a placebo in two to four
periods for different number of subjects under four plausible carryover models have been constructed
through a 5M balanced algorithm. A COD which is either optimal for any one model and efficient for the
remainingmodels or efficient for all five models is referred as optimal and/or efficient COD. The three and
four periods CODs having two active treatments in presence of a placebo estimate treatment contrasts
more efficiently under self and mixed carryover model than the two treatments CODs. For example, the
design {ABA, ABA, ABA, BAB, BAB, BAB} having two active treatments in three periods and six subjects
denoted as CODð2; 6; 3Þ shown to be optimal by Hedayat and Stufken (2003) has variance 1 of treatment
contrast, whereas, our design {ABP, BPA, PAB, APB, BAP, PBA} having two active treatments in presence
of placebo has variance 0.42. Hence, {ABP, BPA, PAB, APB, BAP, PBA} is new optimal COD under self
and mixed carryover model. The new two periods CODs having two active treatments and a placebo
enables the estimation of treatment contrasts under self and mixed carryover model. Our contribution is
twofold. One is new optimal COD to specific model and second is new optimal and/or efficient COD to all
five models. A list of new optimal and/or efficient two periods CODs in 6–21 subjects, three periods CODs
in 3–20 subjects, and four periods CODs in 3–14 subjects have been provided.

2. Models and optimality

2.1. Models

The model known as no carryover model in the COD literature is of the form,

yijk ¼ μþ πk þ �ij þ τdðk;jÞ þ �ijk; i ¼ 1; . . . ; s; j ¼ 1; . . . ; ni; k ¼ 1; 2; . . . ; p; (1)
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where yijk denotes the response from sequence i, subject j, in period k to which treatment dðk; jÞ was
assigned, μ is the general mean, τdðk;jÞ is the effect of treatment dðk; jÞ, πk is the effect due to period k, �ij is

the effect due to subject j having sequence i, every sequence replicated ni times ðni � 1Þ, and the �ijk are

independently normally distributed error terms with mean 0 and variance σ2.
When the response variable is also affected by the treatment applied in the previous period, then one

more term of carryover effect of the treatment should be added in the model. This model is generally
called simple carryover model or traditional model in optimal design literature, and is given by

yijk ¼ μþ πk þ �ij þ τdðk;jÞ þ γdðk�1;jÞ þ �ijk; (2)

where γdðk�1;jÞ is the carryover effect of treatment dðk� 1; jÞ on the response observed on subject j in
period k. It is obvious that there is no carryover effect in the first period, that is, γdð0;jÞ ¼ 0.

Sometimes, the carryover due to the treatment preceded by it in the previous period is different
than the treatment proceeded by other. This view was first introduced by Afsarinejad and Hedayat
(2002) and studied by Kunert and Stufken (2002, 2008)). This self and mixed carryover effect is of
the form,

yijk ¼ μþ πk þ �ij þ τdðk;jÞ þ γ1dðk�1;jÞ þ γ2dðk�1;jÞ þ �ijk; (3)

where γ1dðk�1;jÞ is the carryover of treatment preceded by other treatment in the previous period and
γ2dðk�1;jÞ is the carryover of treatment preceded by itself in the previous period.

Practical situations where purpose of the trial is to compare two treatments called active treatments
with help of a placebo (for example, Laurell and Tornros (1986) and Tornros and Laurell (1990)).
Accordingly, all the models considered in this paper are restricted to two active treatments and
a placebo. As per medical knowledge, when a placebo is given to patients, in the patients’ mind the
psychology is that a drug is given to them, but in reality it is a placebo, so whatsoever psychological
effects the patients have get measured as direct effects of the placebo, and in the next period there are no
carryover of the psychological effects. Therefore, it is logical to assume no presence of psychological
carryover and obviously, there is no pharmacological carryover from the placebo treatment. As per the
assumption that, a placebo has no carryover effects, models 1–3 with active treatments A, B and placebo
P are referred in this article by NCM (No Carryover Model), TBM (Traditional Model where Both active
treatments have carryover), and SBM (Self and mixed Model where Both active treatments have
carryover), respectively. Also, when the purpose of a trial is to compare a new drug with a standard
drug, the experimenter is usually aware of the washout period of the standard treatment. In this case, if
the experimenter set the length of washout period according to the standard treatment then the standard
treatment will not have carryover effects. Regarding to the complexity of the analysis of crossover
experiments for comparing new treatment with a standard, the analysis also gets simplified by assuming
that only the new treatment has carryover effect. In this case, the traditional model with the assumption
that only treatment A having carryover effect is model 2, with γdðk�1;jÞ ¼ 0 if dðk� 1; jÞ ¼ B or P. We
will refer this model as TSM (Traditional Model where Single active treatment has carryover).

Similarly, self and mixed model with the assumption that only treatment A having carryover
effect is model 3 with γdðk�1;jÞ ¼ 0 if dðk� 1; jÞ ¼ B or P. We will refer to this model as SSM (Self
and mixed Model where Single active treatment has carryover). These five different fixed effect
models, NCM, TSM, TBM, SSM, and SBM for continuous response cover all the possibilities of
occurrence of carryover effect.

2.2. Optimality

Most commonly, the performance of a design is measured by its variance of treatment comparison, given
by the variance of the least square estimates of the treatments. Usually, a design d with larger information
matrix, Cd, yields a smaller variance for estimate of treatment, hence the central problem in the design of
experiments is to find the design d such that the information matrix Cd is as large as possible. However,
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matrices cannot be compared directly in general. To compare them for different designs, one has to
define functions ofCd, whichmaps from thematrix space into one-dimensional space. For the connected
balanced designs, it suffices to compare variances of the treatment contrasts. Note that the nature of
treatment contrasts depends upon the objective of the study.

For comparison of two treatments, the objective is generally estimating the difference of treat-
ment effects. The design which minimizes its variance over all possible designs for a specific class is
referred to the optimal in the class (Jones and Donev (1996), Hedayat and Stufken (2003)). A specific
class of COD is generally determined by fixing only one or two of the three parameters, the number
of treatments, periods, and subjects, but preferably, it should be considered by fixing all the three
parameters.

Hedayat and Stufken (2003) and Ozan and Stufken (2010) ignored the number of subjects in
comparison of different designs, and thus missed several optimal designs available in specific
number of subjects, particularly in the presence of carryover effects (Gondaliya and Divecha
(2018)). Also under SBM, comparison of active treatments with the help of a placebo reduces the
variance of treatment contrast. From Table 1, it is clear that, under SBM, the optimal design for six
subjects {ABP, BPA, PAB, APB, BAP, PBA} given two active treatments and a placebo in three
periods has 53% more efficiency as compared to the design {ABA, ABA, ABB, BAB, BAB, BAA} of
two active treatments. That is, CODðt þ 1; n; pÞ performs optimal than CODðt; n; pÞ under SBM.
Note that, class CODðt þ 1; n; pÞ contains all the COD of t and t þ 1 treatments having n or n� 1
subjects in p periods. For simplicity, we used an abbreviated notation for the designs. For example,
the design {ABA, ABA, ABB, BAB, BAB, BAA} abbreviated as codðpÞ3{2ABA, ABB, 2BAB, BAA}.
The number after codðpÞ stands for serial number of the COD in the table. The number before the
sequence denotes the replication of the sequence in the design. A design that is optimal under one
model may not be optimal under another model. Then, the better choice is the design which is
efficient under several models. The efficiency is the relative efficiency of a design, d, with respect to
the optimal design for that class and the model. Efficiency is calculated by taking ratio of the
variance of least squares estimator of treatment contrast for the optimal design to the variance of
design d. Thus, efficiency of a design optimal for a specified class and model is 100% but it may not
be so in case of another models. From Table 1, it is clear that, codðpÞ6{ABP, BPA, PAB, APB, BAP,
PBA} is optimal and efficient for class CODð2þ 1; 6; 3Þ, because this design is optimal under SBM
and efficient in other models. Variance of least squares estimator of treatment contrast of CODs
shown in this paper, is obtained through the said computer search algorithm.

2.3. Simulation study

We demonstrate the performance adequacy of 5M algorithm via a simulation study. It was
performed for each five models with results equivalent to those in Table 1. Suppose an experimenter
wants to construct a balanced design which should be optimal under SBM and efficient for rest of
the models. Data shown in Table 2 for the codðpÞ6 were simulated by fixing the SBM parameters as
μ ¼ 15, τA ¼ 2, τB ¼ �2, τP ¼ 0, γ1A ¼ �1, γ1B ¼ 1, γ1P ¼ 0, γ2A ¼ �2, γ2B ¼ 2, γ2P ¼ 0, π1 ¼ �2,

π2 ¼ 2, π3 ¼ 0, �11 ¼ �21 ¼ �31 ¼ 1, �41 ¼ �51 ¼ �61 ¼ �1, and σ
2 ¼ 1. Estimate of the interested

treatment contrasts ðbτA � bτBÞ in this case is 4.0171. It shows that an active treatment A has 4.0171

Table 1. Optimal and/or efficient balanced CODs for class CODð2þ 1; 6; 3Þ.

Serial no. Design n NCM TSM TBM SSM SBM

1 AAB,ABA,ABB,BBA,BAB,BAA 6 100 81 81 78 45
2 AAB,2ABB,BBA,2BAA 6 100 99 99 96 25
3 2ABA,ABB,2BAB,BAA 6 100 67 67 62 47
4 ABA,2ABB,BAB,2BAA 6 100 92 92 100 28
5 3ABB,3BAA 6 100 100 100 – –

6 ABP,BPA,PAB,APB,BAP,PBA 6 75 63 60 90 100
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units more effects than B which is very close to exact value 4 ðτA � τBÞ. Similarly, we have simulated
data for the codðpÞ1 to codðpÞ4 under SBM by fixing the parameters as shown above. Estimates of the

interested treatment contrasts ðbτA � bτBÞ in this cases are 7.4691, −1.6963, 6.6107, and −1.0718,
respectively which is outlying from the exact value 4. So, it is clear that codðpÞ6 estimates treatment
contrasts more efficiently than the other designs under SBM. We have repeated the above procedure

100 times for all the six designs under all five models and estimated treatment contrast ðbτA � bτBÞ as
shown by charts in the Appendix. Chart of codðpÞ6 clearly shows that codðpÞ6 performs efficient
under all the models as compared to the codðpÞ1-codðpÞ5.

3. The 5M balanced algorithm

In this section, we present a computer algorithm for search of optimal and/or efficient CODs under
the five models, namely, NCM, TSM, TBM, SSM, and SBM. The algorithm involves making
comparisons of variances of direct effects among CODs of a class for a given model. Several
computer algorithms have been given in literature (Jones and Donev (1996), John et al. (2004),
Yang and Stufken (2008), Satpati et al. (2012)) for search of optimal and/or efficient CODs. The
most common approach of these algorithms is that, they begin the search procedure with
a “random” design and attempt to improve it until it cannot be improved by applying further
steps. Our computer search algorithm starts from a trivial possibility and proceeds systematically up
to the last possibility, and provides globally optimum COD by comparing every possible CODs of
a specified class and model. Since, the algorithm makes exhaustive search and returns optimal and/or
efficient crossover designs for one or more of the five models, the computer programming was
challenging.

A broad outline of the 5M balanced algorithm is given below.

(1) Set variance VðmÞ ¼ a high value (say, 99), for all models numbered m ¼ 1; . . . ; 5. Set
parameters t, p, and n.

(2) Generate all possible treatment sequences of t treatments in p periods.
(3) Generate a crossover design d by considering n treatment sequences arbitrarily from those

obtained in step 2 including replications of the sequences.
(4) Perform equal replication check for the generated design that is, ðnpÞ=t occurrence of each

treatment. If all the treatments are not equally replicated then return to step 3.
(5) Perform balanced occurrence check for treatments in each period that is, n=t occurrence of

each treatment in each period. If all the treatments are not equally replicated in each period
then return to step 3.

(6) Perform pair-wise balanced occurrence of active treatments in two successive periods that is,
each ordered pair of mixed, self active treatments, and mixed pair of active treatments and
placebo are given to a constant number of units. If this condition is not satisfied then return
to step 3.

(7) Under NCM, TSM, TBM, SSM, and SBM indexed, respectively, m ¼ 1; 2; . . . ; 5.
(a) Perform connectedness check for the design d, that is, calculate the rank of the design

information matrix ðCdÞ under model m. If it is not connected, that is, rank of Cd is less
than t � 1, then skip the next step and consider next model.

Table 2. Simulated data for the codðpÞ6 under SBM.

Period Seq Data Seq Data Seq Data Seq Data Seq Data Seq Data

1 A 15.5736 B 10.1938 P 13.7637 A 12.7639 B 9.6881 P 10.3028
2 B 15.8896 P 20.0247 A 19.0187 P 14.9498 A 19.2214 B 13.4013
3 P 17.6498 A 18.8252 B 12.2304 B 11.6113 P 12.7027 A 16.4767
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(b) Perform least variance check, that is, compute Vðd;mÞ which is variance of the least
squares estimator of treatment contrast (τA � τB for two active treatments A and B)
under model m. If ðVðd;mÞ> ¼ 0&Vðd;mÞ<VðmÞÞ then store VðmÞ ¼ Vðd;mÞ and
optimaldesignðmÞ ¼ d.

(8) Finally, store the design with variance Vðd;mÞ and ranks of the design matrix under NCM,
TSM, TBM, SSM, and SBM, provided that the design is connected in all five models.

(9) Repeat steps 3–8 for all possible combinations of n treatment sequences.

This algorithm produces optimal CODs under each model along with their variances and ranks.
All this is stored in a spreadsheet for at a glance view of design statistics for optimal and/or efficient
CODs under given model. Note that the CODs optimal under NCM, TSM, TBM, SSM, and SBM are
stored, respectively, as the last five designs in the spreadsheet.

3.1. Working of the 5M balanced algorithm

Consider an experimental situation where t ¼ 3, p ¼ 3, and n ¼ 3. Let the two active treatments be
denoted by 1, 2, and placebo denoted by 3. Step 1 is set by VðmÞ ¼ 99;m ¼ 1; 2; . . . ; 5. Step 2
generates all the possible sequences. Step 3 generates a design say, {111, 111, 111}. As per step 4,
treatment 2 is not equally replicated as treatments 1 and 3, and hence, the algorithm returns to step 3
and generates a second design say, {111, 111, 112}. Again the algorithm shall return to step 3 and
generates designs say, {111, 111, 113}, {111, 111, 121}, . . . , {111, 222, 333}. Now algorithm moves to
step 5 where all the treatments are equally replicated in each period and hence, algorithm moves to
step 6 but the treatments are not balanced in terms of carryover and hence, algorithm returns to step
3 and generates the other designs {111, 223, 223}, . . . , {121, 232, 313}. Now this design satisfies the
condition of steps 4–6. Hence, in step 7(a), rank of Cd under NCM is calculated. Here rank of the
design matrix is two, which implies that the design is connected. In step 7(b) variance of the least
squares estimator of treatment contrast (τ1 � τ2) under NCM is calculated. Also, variance of the least
squares estimator of treatment contrast (τ1 � τ2) is less than the set variance V(1). Hence, the
algorithm stores design {121, 232, 313} as the optimal design along with its variance for treatment
comparison. Similarly, the algorithm calculates Cd and variances of the least squares estimator of
treatment contrast (τ1 � τ2) under TSM, TBM, SSM, and SBM one by one according to step 7.
Under all the other four models, the design is connected and hence algorithm stores design {121,
232, 313} as the optimal design along with its variance under TSM, TBM, SSM, and SBM. Also, this
design is connected in all five models, therefore the algorithm stores this design as design number 1
with its variance and rank. According to step 9, the algorithm returns to step 3 and generates other
designs. Similarly, the algorithm repeatedly works for other sequence combinations. Since, all fail to
yield smaller variance of treatment contrast under TSM and SSM except the design {131, 212, 323},
hence, this design is stored as optimal. Also, this design is connected in all five models. Hence, this
design is stored as design number 2 with its variance and rank. Finally, the algorithm generates
a spreadsheet having three sheets named as var, rank, and design, respectively, showing the variances
of treatment contrast, the ranks of Cd matrix and the CODs, stored by the 5M balanced algorithm.

4. Two active treatments and one placebo CODs in two periods

Recall that in the class of two treatments two periods CODs, only a few deigns are available which
can estimate treatment contrasts superiorly. Considering crossover deigns in two active treatments
and one placebo will increase the availability of such designs. This is because the resultant design is
a collection of replicates from the nine possible sequences, AA, AB, AP, BA, BB, BP, PA, PB, and PP.
Before defining such CODs, let us consider a practical situation discussed by Senn (2003), where
such types of CODs have application.
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Example 4.1 This concerns a double-blind placebo controlled crossover trial, designed to

measure the onset of action of two doses of formoterol solution aerosol: 12 and 24 µg. For

practical reasons, it was decided that the patients could only be studied during four visits. Since

each treatment day was to be preceded by a general medical evaluation, this meant that only 2

treatment days were possible. Blindness was maintained using dummy loading and each patient

used two aerosols at each of visits 2 and 4, taking one puff from each. The aerosols were

matched and depending on whether both aerosols were formoterol solution 12 µg, both

placebo or one of each, the patient received 24, 0, or 12 µg formoterol. The wash-out period

between visits 2 and 3 was approximately 1 week.

For the above crossover trial, a two treatment two period COD with placebo is required according
to the availability of subjects and possibility of a carryover model. Naturally, an experimenter would
prefer a design which is optimal under the most speculated carryover models and simultaneously
efficient under other possible models. A class is determined by the number of subjects needed by an
experiment. Note that sometimes two treatments designs are economical and efficient over two
treatments—one placebo designs and vice versa. Thus, an experimenter has the choice to reduce the
cost of trial by an amount incurred by one or two subjects, or not. Here, two treatments—one
placebo designs having subjects in multiples of three have been evaluated and compared with two
treatments CODs (Table 3 shows CODs having number of subjects from 6 to 21).

4.1. Optimal CODs under NCM, TSM, and TBM

Since the CODs in two active treatments and one placebo allocate the active treatments to less
number of subjects than the corresponding two (active) treatments designs, the latter design will
have a smaller variance for treatment contrasts under NCM, TSM, and TBM. Thus, two treatments
designs are optimal under NCM, TSM, and TBM but are unable to estimate treatment contrast
under SBM. Moreover, COD in two treatments is not possible in odd number of subjects. For
example, for the class CODð2; 9; 2Þ, no two treatments design is possible but CODð2þ 1; 9; 2Þ exists.
However, when the experimenter is sure about his model to be NCM, TSM, or TBM, then it is better
to use CODð2; 8; 2Þ than CODð2þ 1; 9; 2Þ. Similarly, for the class CODð2þ 1; 15; 2Þ, optimal COD
under NCM is codðpÞ28{7AB, 7BA} and under TSM and TBM is codðpÞ29{3AA, 4AB, 4BA, 3BB}.
For the class CODð2þ 1; 21; 2Þ, optimal COD under NCM is codðpÞ48{10AB, 10BA} and under TSM
and TBM is codðpÞ44{5AA, 5AB, 5BA, 5BB}.

4.2. Optimal CODs under SSM and SBM

Remember that no two treatments two periods COD exists which can estimate treatment contrast
under SBM. Table 3 shows optimal COD under SSM and SBM for varying number of subjects n.
Incidentally, optimal design under SSM is also optimal under SBM in two periods cases. From study
of Table 3, it is clear that there exists two general constructions of optimal CODs under SSM and
SBM for varying number of subjects.

For the class CODðt þ 1; n; pÞ, when n;0ðmod 6Þ, consider n=6 replications of the codðpÞ10{AB,
AP, BA, BP, PA, PB} and, when n;3ðmod 6Þ, use ðn� 3Þ=6 replications of codðpÞ10 along with
{AA, BB, PP}. Under SSM and SBM, COD in two active treatments and a placebo has lesser variance
of treatment contrast than that of COD in two treatments. Just as codðpÞ15{AA, AB, AP, BA, BB, BP,
PA, PB, PP} is optimal under SSM and SBM in class CODð2þ 1; 9; 2Þ, accordingly codðpÞ31{AA,
2AB, 2AP, 2BA, BB, 2BP, 2PA, 2PB, PP} and codðpÞ50{AA, 3AB, 3AP, 3BA, BB, 3BP, 3PA, 3PB, PP}
are optimal under SSM and SBM in their respective classes CODð2þ 1; 15; 2Þ and CODð2þ 1; 21; 2Þ.
Also note that, codðpÞ16{AA, AB, AP, BA, BB, BP, PA, PB, PP} is optimal under SSM and SBM in
the class CODð2þ 1; 10; 2Þ. Also, this saves experimental resources on one subject. Similarly,
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codðpÞ32{AA, 2AB, 2AP, 2BA, BB, 2BP, 2PA, 2PB, PP} is more useful in the class CODð2þ 1; 16; 2Þ,
and, codðpÞ50 is preferable in the class CODð2þ 1; 22; 2Þ.

4.3. Efficient CODs under NCM, TSM, TBM, SSM, and SBM

From studying Table 3, it is clear that increasing the number of replications of sequences AB, BA in
a design increases the efficiency under NCM, but decreases under TSM, TBM, and SSM. In contrast,
the replications of sequences AA, BB increases the efficiency under TSM, TBM, and SSM, and
decreases under NCM. On the other hand, the replications of sequences in placebo, AP, PA, BP, PB,

Table 3. Optimal and/or efficient balanced CODs for classes CODð2þ 1; 6; 2Þ to CODð2þ 1; 21; 2Þ.

Serial no. Design n NCM TSM TBM SSM SBM

7 3AB,3BA 6 100 – – – –

8 2AA,AB,BA,2BB 6 33 100 100 72 –

9 AA,2AB,2BA,BB 6 67 100 100 72 –

10 AB; AP; BA; BP; PA; PB 6 50 69 56 100� 100@

11 3AA,AB,BA,3BB 8 25 75 75 63 –

12 2AA,2AB,2BA,2BB 8 50 100 100 83 –

13 AA,3AB,3BA,BB 8 75 75 75 63 –

14 4AB,4BA 8 100 – – – –

15 AA; AB; AP; BA; BB; BP; PA; PB; PP 9 38 86 75 100� 100@

16 AA; AB; AP; BA; BB; BP; PA; PB; PP 9 30 71 63 100� 100@

17 2AA,3AB,3BA,2BB 10 60 100 100 100 –

18 AA,4AB,4BA,BB 10 80 67 67 67 –

19 5AB,5BA 10 100 – – – –

20 3AA,3AB,3BA,3BB 12 50 100 100 81 –

21 2AA,4AB,4BA,2BB 12 67 89 89 72 –

22 AA,5AB,5BA,BB 12 83 56 56 45 –

23 6AB,6BA 12 100 – – – –

24 2AA,AB,AP,BA,2BB,BP,PA,PB,2PP 12 25 69 62 72 50
25 2AB; 2AP; 2BA; 2BP; 2PA; 2PB 12 50 62 50 100� 100@

26 2AA,5AB,5BA,2BB 14 71 83 83 65 –

27 AA,6AB,6BA,BB 14 86 50 50 39 –

28 7AB,7BA 14 100 – – – –

29 3AA,4AB,4BA,3BB 14 57 100 100 79 –

30 4AA,3AB,3BA,4BB 14 43 100 100 79 –

31 AA; 2AB; 2AP; 2BA; BB; 2BP; 2PA; 2PB; PP 15 43 82 70 100� 100@

32 AA; 2AB; 2AP; 2BA; BB; 2BP; 2PA; 2PB; PP 15 38 71 60 100� 100@

33 3AA,5AB,5BA,3BB 16 63 94 94 86 –

34 2AA,6AB,6BA,2BB 16 75 75 75 69 –

35 AA,7AB,7BA,BB 16 87 44 44 40 –

36 8AB,8BA 16 100 – – – –

37 4AA,4AB,4BA,4BB 16 50 100 100 92 –

38 4AA,5AB,5BA,4BB 18 56 100 100 80 –

39 3AA,6AB,6BA,3BB 18 67 90 90 72 –

40 2AA,7AB,7BA,2BB 18 78 70 70 56 –

41 9AB,9BA 18 100 – – – –

42 2AA,2AB,2AP,2BA,2BB,2BP,2PA,2PB,2PP 18 33 77 68 87 67
43 3AB; 3AP; 3BA; 3BP; 3PA; 3PB 18 50 62 51 100� 100@

44 5AA,5AB,5BA,5BB 20 50 100 100 80 –

45 4AA,6AB,6BA,4BB 20 60 96 96 77 –

46 3AA,7AB,7BA,3BB 20 70 84 84 67 –

47 2AA,8AB,8BA,2BB 20 80 64 64 51 –

48 10AB,10BA 20 100 – – – –

49 3AA,2AB,2AP,2BA,3BB,2BP,2PA,2PB,3PP 21 30 77 69 82 67
50 AA; 3AB; 3AP; 3BA; BB; 3BP; 3PA; 3PB; PP 21 45 77 64 100� 100@

Designs in bold denote new optimal and/or efficient COD to class having n number of subjects.
�New optimal COD under new defined model SSM.
@New optimal COD under SBM.
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and PP, increases efficiency under SSM and SBM, but decreases under NCM, TSM, and TBM. So, it
is necessary to find combinations of sequences which can efficiently estimate treatment contrast
under all the models. Almost all the optimality studies on CODs assume equal replications for their
sequences. This will obviously prohibit designs in unequal replications of sequences to show up.
Only a computer search algorithm can give assurance to search every possible CODs which are
optimal and/or efficient under specified models. The results of the computer search algorithm (5M
active algorithm) are shown in Table 3. Below we discuss some interesting cases for each class
defined in terms of the crucial parameter of execution, the number of subjects. For the class
CODð2þ 1; 6; 2Þ, the codðpÞ10{AB, AP, BA, BP, PA, PB} is efficient under NCM, TSM, and TBM,
but optimal under the remaining two models. When nine subjects are available, generally
a statistician would use replication of design {AA, AB, BA, BB} as codðpÞ12{2AA, 2AB, 2BA, 2BB}
in eight subjects but, codðpÞ15{AA, AB, AP, BA, BB, BP, PA, PB, PP} is efficient in the class
CODð2þ 1; 9; 2Þ. However, if the experimenter is 100% sure about no possibility of self and
mixed carryover model, then codðpÞ13{AA, 3AB, 3BA, BB} is useful. Interestingly, although not
surprisingly enough, the same pattern continued to hold for further classes in increasing number of
subjects. In the class CODð2; 10; 2Þ, codðpÞ17{2AA, 3AB, 3BA, 2BB} and codðpÞ18{AA, 4AB, 4BA,
BB} perform efficient under NCM, TSM, TBM, and SSM. However, codðpÞ16{AA, AB, AP, BA, BB,
BP, PA, PB, PP} is more suitable in presence of carryover, because it estimates treatment contrast
under SBM also. Note that, this design uses nine subjects and hence it has less efficiency under
NCM. Further, under all carryover models, codðpÞ16 is also efficient than COD of Koch et al. (1989)
(denoted as K) and Jones and Donev (1996) (denoted as J1 and J2), as shown in Table 4. Crossover
design of Koch et al. (1989) is optimal under SSM and SBM, but it has poor efficiency under TBM.
Note that, designs of both the authors are not balanced.

A general choice of design for the class CODð2þ 1; 12; 2Þ is either six replications of COD {AB,
BA} or three replications of COD {AB, BA, AA, BB}. But codðpÞ21{2AA, 4AB, 4BA, 2BB},
codðpÞ22{AA, 5AB, 5BA, BB}, and codðpÞ25{2AB, 2AP, 2BA, 2BP, 2PA, 2PB} perform efficiently
in this case. However, codðpÞ25 is suitable in case of more possibility of self and mixed carryover.
Useful design according to practical suitability in the class CODð2þ 1; 15; 2Þ is codðpÞ31{AA, 2AB,
2AP, 2BA, BB, 2BP, 2PA, 2PB, PP}, although it has poor efficiency under NCM. When 16 subjects
are available, then COD in 15 subjects should be used, because codðpÞ32{AA, 2AB, 2AP, 2BA, BB,
2BP, 2PA, 2PB, PP} is able to estimate treatment contrast in all five models. In class CODð2; 18; 2Þ,
codðpÞ43{3AB, 3AP, 3BA, 3BP, 3PA, 3PB} is optimal under SSM and SBM and efficient in other
models. Design codðpÞ50{AA, 3AB, 3AP, 3BA, BB, 3BP, 3PA, 3PB, PP} is efficient under all the
models for class CODð2þ 1; 21; 2Þ, although efficiency under NCM is poor.

In general, constructions of optimal and efficient two periods CODs under NCM, TSM, TBM,
SSM, and SBM for the class CODðt þ 1; n; pÞ are when n;0ðmod 6Þ, n=6 replications of codðpÞ10
and, when n;3ðmod 6Þ, ðn� 3Þ=6 replications of codðpÞ10 along with {AA, BB, PP}.

Table 4. Efficiency of Koch et al. (1989) and Jones and Donev (1996) COD comparable to our COD of Table 3 for class
CODð2þ 1; 10; 2Þ.

Serial no. Design n NCM TSM TBM SSM SBM

cod(p)16 AA,AB,AP,BA,BB,BP,PA,PB,PP 9 30 71 63 92 86
cod(p)17 2AA,3AB,3BA,2BB 10 60 100 100 92 –

cod(p)18 AA,4AB,4BA,BB 10 80 67 67 61 –

K 3AB,3BA,AP,PA,BP,PB 10 70 54 36 100 100
J1 3AB,3BA,2AP,PA,BP 10 67 20 19 37 53
J2 3AB,3BA,2AP,PP,BP 10 67 38 20 71 55
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5. Two active treatments and one placebo CODs in three periods

A COD in two active treatments and one placebo having three periods is given by some of these 27
treatment sequences AAA, BAA, PAA, ABA, BBA, PBA, APA, BPA, PPA, AAB, BAB, PAB, ABB,
BBB, PBB, APB, BPB, PPB, AAP, BAP, PAP, ABP, BBP, PBP, APP, BPP, and PPP. Due to increased
options compared to two periods CODs, treatment contrasts are estimable under all models for all
classes that is, according to desirable number of subjects. Also, now there are more choices for
designs. Before defining such a COD, let us consider a practical situation reported by Tsoy et al.
(1990) for a single center data from a multicenter trial, where such types of CODs are used.

Example 5.1 Values of forced expiratory volume in 1 s (FEV1), obtained after an exercise

challenge in a three periods three treatments double-blind crossover trial, comparing the

protective effect of a single dose of an experimental treatment, formoterol solution aerosol

(12 mg), to a single dose of a standard therapy, salbutamol suspension aerosol (100 mg), and

placebo for patients suffering from exercise-induced asthma.

For the above crossover trial, any of the following three periods CODs would be useful according
to the availability of subjects and choice of the carryover model. Naturally, an experimenter would
prefer a design which is optimal under the most speculated carryover model and simultaneously
efficient under the possible models. As per the following Table 5, a suitable design could be a two
treatments design or a two treatments—one placebo design. Therefore, both types of designs are
evaluated and tabulated as belonging to common classes. A class is determined by the number of
subjects needed by an experiment. Note that, two treatments designs are in even number of subjects,
and a two treatments—one placebo designs have subjects in multiples of three. Table 5 restricts
classes of designs up to 20 but more classes can be developed using 5M active algorithm.

5.1. Optimal CODs under NCM, TSM, TBM, and SSM

Although CODs in two treatments are optimal under the four models, namely, NCM, TSM, TBM,
and SSM but, they are not available in odd number of subjects like 3, 9, 15, and so on. In class
CODð2þ 1; 3; 3Þ, the COD in two treatments codðpÞ53{ABB, BAA} has lesser variance of treatment
contrasts under three models NCM, TSM, and TBM than the codðpÞ54{APA, BAB, PBP} having two
treatments and one placebo. On the contrary, the codðpÞ54 is optimal over codðpÞ53 under SSM. In
the class CODð2þ 1; 9; 3Þ, the COD of two treatments in eight subjects codðpÞ65{4ABB, 4BAA} is
optimal under NCM, TSM, and TBM, whereas codðpÞ63{AAB, 3ABB, 3BAA, BBA} is optimal under
SSM. Similarly, in case of 15 subjects, it is better to leave one unit and use codðpÞ86{3AAB, 4ABB,
4BAA, 3BBA} under NCM and SSM, whereas codðpÞ85{3AAA, 4ABB, BAA, 3BAB, 3BBA} under
TSM and TBM.

5.2. Optimal CODs under SBM

We know that optimal design literature has shown that { n
2
ABA, n

2
BAB}, i.e., the design in which half of

the subjects receive sequence ABA, and the other half receives BAB is optimal under SBM. However, this
design is optimal only for the classes CODð2; 2; 3Þ and CODð2; 4; 3Þ, and not in general for CODð2; n; 3Þ
for given n (n;0ðmod 2Þ). These designs are recommended for bioequivalence studies in the FDA
(2001). More optimal designs under SBM for number of subjects n ¼ 6; 8; 10; . . . ; 20 have been
discussed by Gondaliya and Divecha (2018). Table 5 shows that when the class is expanded to include
the designs having placebo, then the two treatments—one placebo designs become optimal over two
treatments designs under SBM. For example, variance of treatment contrasts for codðpÞ57 is 0.8889,
while that for codðpÞ60 is 0.4167 resulting in 53% gain. Also, CODs of approved type are not available in
certain classes, in particular when number of subjects required are 9, 15, and so on. Also so far, no general
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Table 5. Optimal and/or efficient balanced CODs for classes CODð2þ 1; 3; 3Þ to CODð2þ 1; 20; 3Þ.

Serial no. Design n NCM TSM TBM SSM SBM

51 ABA,BAB 2 100 25 25 78 100
52 AAB,BBA 2 100 75 75 – –

53 ABB,BAA 2 100 100 100 – –

54 APA,BAB,PBP 3 75 32 23 100� 92

55 AAB,ABA,ABB,BBA,BAB,BAA 6 100 81 81 78 45
56 AAB,2ABB,BBA,2BAA 6 100 99 99 96 25
57 2ABA,ABB,2BAB,BAA 6 100 67 67 62 47
58 ABA,2ABB,BAB,2BAA 6 100 92 92 100 28
59 3ABB,3BAA 6 100 100 100 – –

60 ABP; BPA; PAB; APB; BAP; PBA 6 75 63 60 90 100@

61 2AAB,2ABB,2BAA,2BBA 8 100 97 97 77 41
62 AAB,ABA,2ABB,2BAA,BAB,BBA 8 100 90 90 70 66
63 AAB,3ABB,3BAA,BBA 8 100 99 99 100 29
64 AAA,AAB,ABA,ABB,BAA,BAB,BBA,BBB 8 75 63 63 50 66
65 4ABB,4BAA 8 100 100 100 – –

66 ABA,ABP,APB,BAP,BPA,BPB,PAB,PAP,PBA 9 75 55 52 64 100@

67 2ABB,APB,2BAA,BPA,PAP,PBP,PPP 9 75 75 75 69 78
68 2ABB; APB; BAA; BAP; BPA; PAA; PBP; PPP 9 72 72 71 70 88
69 AAB; ABB; APB; BAA; BBA; BPA; PAP; PBP; PPP 9 75 73 73 70 84
70 ABB,ABP,APB,BAA,BAP,BPA,PAA,PBB,PPP 9 69 68 68 65 98

71 ABA,ABP,APB,BAP,BPA,BPB,PAB,PAP,PBA 9 60 44 42 65 100@

72 2ABB,APB,2BAA,BPA,PAP,PBP,PPP 9 60 60 60 70 78
73 2ABB,APB,BAA,BAP,BPA,PAA,PBP,PPP 9 58 58 57 71 88
74 AAB,ABB,APB,BAA,BBA,BPA,PAP,PBP,PPP 9 60 59 58 71 84
75 ABB,ABP,APB,BAA,BAP,BPA,PAA,PBB,PPP 9 55 55 55 66 98
76 AAB,4ABB,4BAA,BBA 10 100 100 100 94 29
77 2AAB,3ABB,3BAA,2BBA 10 100 99 99 100 63
78 AAA,2ABA,2ABB,2BAA,2BAB,BBB 10 80 66 66 66 89

79 2AAB,ABA,3ABB,3BAA,BAB,2BBA 12 100 93 93 92 64
80 2AAB,4ABB,4BAA,2BBA 12 100 99 99 100 27
81 AAB,5ABB,5BAA,BBA 12 100 100 100 90 22
82 3AAB,3ABA,3BAB,3BBA 12 100 50 50 45 68
83 ABB,ABP,2APB,2BAA,BBA,BPA,PAB,PAP,PBP,PPP 12 69 67 66 81 68
84 2ABP; 2APB; 2BAP; 2BPA; 2PAB; 2PBA 12 75 63 60 94 100@

85 3AAA,4ABB,BAA,3BAB,3BBA 14 94 100 100 76 34
86 3AAB,4ABB,4BAA,3BBA 14 100 93 93 100 45
87 2AAA,2AAB,2ABA,ABB,BAA,2BAB,2BBA,2BBB 14 71 51 51 76 56
88 ABB,2ABP,2APB,BAA,2BAP,2BPA,PAA,PAB,PBA,PBB,PPP 15 71 65 64 90 99
89 2ABB,ABP,2APB,2BAA,BAP,2BPA,PAB,PAP,PBA,PBP,PPP 15 75 69 68 93 90
90 2ABB; ABP; 2APB; BAA; 2BAP; 2BPA; PAA; PAB; PBA; PBP; PPP 15 73 67 66 94 94
91 ABA,2ABP,2APB,2BAP,2BPA,BPB,2PAB,PAP,2PBA 15 75 56 53 87 100@

92 ABB,2ABP,2APB,BAA,2BAP,2BPA,PAA,PAB,PBA,PBB,PPP 15 63 59 59 57 99
93 2ABB,ABP,2APB,2BAA,BAP,2BPA,PAB,PAP,PBA,PBP,PPP 15 66 63 63 59 90
94 2ABB; ABP; 2APB; BAA; 2BAP; 2BPA; PAA; PAB; PBA; PBP; PPP 15 64 62 61 60 94
95 ABA,2ABP,2APB,2BAP,2BPA,BPB,2PAB,PAP,2PBA 15 66 51 49 56 100@

96 2AAA,3ABA,3ABB,BAA,5BAB,2BBA 16 87 92 92 58 56
97 3AAB,5ABB,5BAA,3BBA 16 100 98 98 73 41
98 AAB,ABA,6ABB,6BAA,BAB,BBA 16 100 98 98 63 46
99 8ABB,8BAA 16 100 100 100 – –

100 3AAA,ABA,4ABB,BAA,4BAB,3BBA 16 81 84 84 100 46
101 3AAA,3AAB,2ABB,3BBB,3BBA,2BAA 16 63 60 60 44 61

102 4AAB,ABA,4ABB,4BAA,BAB,4BBA 18 100 89 86 75 35
103 AAA,2AAB,5ABA,ABB,3BAA,3BAB,3BBB 18 78 100 58 46 34
104 3AAB,6ABA,3BAA,3BAB,3BBB 18 83 51 100 27 31
105 5AAA,4ABB,4BAB,4BBA,BBB 18 67 75 73 100 25
106 2AAA,3AAB,4ABB,4BAA,3BBA,2BBB 18 78 73 70 65 50
107 3ABP,3BPA,3PAB,3APB,3BAP,3PBA 18 75 60 55 76 100@

108 2ABA,2ABP,2APB,2BAP,2BPA,2BPB,2PAB,2PAP,2PBA 18 67 47 43 59 77
109 4ABB,2APB,4BAA,2BPA,2PAP,2PBP,2PPP 18 67 64 61 63 60
110 4ABB,2APB,2BAA,2BAP,2BPA,2PAA,2PBP,2PPP 18 64 61 59 64 68
111 2AAB; 2ABB; 2APB; 2BAA; 2BBA; 2BPA; 2PAP; 2PBP; 2PPP 18 67 62 60 64 64
112 2ABB,2ABP,2APB,2BAA,2BAP,2BPA,2PAA,2PBB,2PPP 18 61 58 56 60 76

(Continued )

JOURNAL OF BIOPHARMACEUTICAL STATISTICS 11



method of construction is known for varying number of subjects. As per 5M active algorithm construc-
tion, the classCODð2þ 1; 6; 3Þ design replications constructs the classesCODð2þ 1; 6r; 3Þ. This means,
multiple replications of the uniform codðpÞ60{ABP, BPA, PAB, APB, BAP, PBA} remain optimal under
SBM.When the availability of subjects is 9 or 15, codðpÞ66{ABA, ABP, APB, BAP, BPA, BPB, PAB, PAP,
PBA} and codðpÞ91{ABA, 2ABP, 2APB, 2BAP, 2BPA, BPB, 2PAB, PAP, 2PBA} are optimal under SBM,
respectively in the classes CODð2þ 1; 9; 3Þ and CODð2þ 1; 15; 3Þ. Most of the optimal two treatments
CODs given for SBM, contains occurrences of self treatment sequences AAA and BBB. The above-
mentioned CODð2þ 1; n; 3Þ designs are suitable over CODð2; n; 3Þ, when self treatment sequences are
unacceptable for some experiments. Optimal CODs of classes CODð2þ 1; n; 3Þ are uniform when
n;0ðmod 6Þ and approximately uniform when n;3ðmod 6Þ. Notice that, the design introduced here
does not exist for number of subjects as 10, 16, 20, and so on, due to lack of balance in periods. In these
cases, designs having number of subjects 9, 15, 18, and so on; in general, CODs less by one or two subjects
may be used without losing optimality. For example, codðpÞ71{ABA, ABP, APB, BAP, BPA, BPB, PAB,
PAP, PBA} in nine subjects is optimal than codðpÞ78{AAA, 2ABA, 2ABB, 2BAA, 2BAB, BBB} in 10
subjects. Similarly, codðpÞ95{ABA, 2ABP, 2APB, 2BAP, 2BPA, BPB, 2PAB, PAP, 2PBA} in 15 subjects is
optimal than codðpÞ101{3AAA, 3AAB, 2ABB, 3BBB, 3BBA, 2BAA} in 16 subjects, and codðpÞ113{3ABP,
3BPA, 3PAB, 3APB, 3BAP, 3PBA} in 18 subjects is optimal than codðpÞ125{9ABA, ABB, BAA, 9BAB} in
20 subjects. Further, codðpÞ71 is optimal under SBM than COD of Koch et al. (1989) (denoted as K), as
well as Jones and Donev (1996) (denoted as J1 and J2) as shown in Table 6. Crossover design J1 of Jones
and Donev (1996) is optimal for the treatment contrast τA � τB and τA � τP but not for the treatment
contrast τB � τP as it has efficiency 90% whereas, codðpÞ71 is optimal for all three treatment contrasts.
Note that, designs of both the authors are not balanced.

Table 5. (Continued).

Serial no. Design n NCM TSM TBM SSM SBM

113 3ABP; 3BPA; 3PAB; 3APB; 3BAP; 3PBA 18 68 54 52 59 100@

114 2ABA,2ABP,2APB,2BAP,2BPA,2BPB,2PAB,2PAP,2PBA 18 60 42 40 45 77
115 4ABB,2APB,4BAA,2BPA,2PAP,2PBP,2PPP 18 60 57 58 49 60
116 4ABB,2APB,2BAA,2BAP,2BPA,2PAA,2PBP,2PPP 18 58 54 55 50 68
117 2AAB,2ABB,2APB,2BAA,2BBA,2BPA,2PAP,2PBP,2PPP 18 60 55 56 49 64
118 2ABB,2ABP,2APB,2BAA,2BAP,2BPA,2PAA,2PBB,2PPP 18 55 52 53 46 76
119 AAA,4AAB,ABA,4ABB,4BAA,BAB,4BBA,BBB 20 90 79 81 86 35
120 3AAB,3ABA,4ABB,4BAA,3BAB,3BBA 20 100 81 82 59 46
121 3AAB,7ABB,7BAA,3BBA 20 100 94 96 69 36
122 8AAB,2ABA,2BAA,6BBA,2BBB 20 90 100 86 21 25
123 6AAB,3ABA,ABB,4BAA,3BBA,3BBB 20 85 70 100 33 30
124 4AAA,3AAB,3ABB,BAA,2BAB,5BBA,2BBB 20 70 59 60 100 31
125 9ABA,ABB,BAA,9BAB 20 100 37 38 29 89

Designs in bold denote new optimal and/or efficient COD to class having n number of subjects.
�New optimal COD under new defined model SSM.
@New optimal COD under SBM.

Table 6. Efficiency of Koch et al. (1989) and Jones and Donev (1996) COD comparable to our COD of Table 3 for class
CODð2þ 1; 10; 3Þ.

Serial no. Design n NCM TSM TBM SSM SBM

cod(p)71 ABA,ABP,APB,BAP,BPA,BPB,PAB,PAP,PBA 9 60 44 42 65 100
cod(p)72 2ABB,APB,2BAA,BPA,PAP,PBP,PPP 9 60 60 60 70 78
cod(p)73 2ABB,APB,BAA,BAP,BPA,PAA,PBP,PPP 9 58 58 57 71 88
cod(p)74 AAB,ABB,APB,BAA,BBA,BPA,PAP,PBP,PPP 9 60 59 58 71 84
cod(p)75 ABB,ABP,APB,BAA,BAP,BPA,PAA,PBB,PPP 9 55 55 55 66 98
K 3ABB,3BAA,APP,PAA,BPP,PBB 10 70 70 70 42 46
J1 PAB,BAP,2PBA,3ABP,BPA,2BAB 10 80 49 46 72 100
J2 PAB,BAP,PBA,ABP,BAA,ABB,2ABA,2BAB 10 90 61 59 73 74
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5.3. Efficient CODs under NCM, TSM, TBM, SSM, and SBM

Most of the CODs in two treatments have poor efficiency under SBM. Inclusion of a placebo as an
additional treatment improves the efficiency of active treatment comparison considerably. Also,
CODs in two active treatments and a placebo have an additional benefit in analysis (Divecha and
Gondaliya (2019)). For example, codðpÞ60 has least variance for treatment contrasts under SBM. This
design is now optimal under SBM; incidentally, it is also efficient under the remaining four models.
Hence, in class CODð2þ 1; 6; 3Þ, codðpÞ60 is optimal and efficient than the COD {3ABA, 3BAB} of
FDA (2001), {ABB, ABA, AAB, BAA, BAB, BBA} of Hedayat and Stufken (2003) and {2ABA, ABB,
2BAB, BAA} of Gondaliya and Divecha (2018). In the class CODð2þ 1; 9; 3Þ, both codðpÞ68{2ABB,
APB, BAA, BAP, BPA, PAA, PBP, PPP} and codðpÞ69{AAB, ABB, APB, BAA, BBA, BPA, PAP, PBP,
PPP} are more efficient than codðpÞ66{ABA, ABP, APB, BAP, BPA, BPB, PAB, PAP, PBA}, because
both designs have more than 70% efficiency in all five models; while the latter is optimal under SBM,
but has only 55% and 52% efficiency, respectively, under TSM and TBM. In the class of 12 subjects
designs, codðpÞ79{2AAB, ABA, 3ABB, 3BAA, BAB, 2BBA} and codðpÞ84{2ABP, 2APB, 2BAP, 2BPA,
2PAB, 2PBA} are efficient under all five models, with the former design optimal under NCM and the
next under SBM. In the class CODð2þ 1; 15; 3Þ, two designs perform well. Specifically speaking,
when an experimenter has interest in estimations of TSM and TBM then he should use
codðpÞ90{2ABB, ABP, 2APB, BAA, 2BAP, 2BPA, PAA, PAB, PBA, PBP, PPP} because it is more
efficient than codðpÞ91 and otherwise, should use codðpÞ91 because it is optimal under SBM and
efficient under the remaining models. In class CODð2þ 1; 18; 3Þ, although number of choices of
designs are available as replication of smaller designs, the two designs codðpÞ107{3ABP, 3BPA, 3PAB,
3APB, 3BAP, 3PBA} and codðpÞ111{2AAB, 2ABB, 2APB, 2BAA, 2BBA, 2BPA, 2PAP, 2PBP, 2PPP}
give efficient estimation of treatment contrast under all five models. codðpÞ107 is optimal under
SBM, whereas codðpÞ111 has more than 60% efficiency in all five models. Note that, we can obtain
more efficient designs in CODð2þ 1; 18; 3Þ using 5M active algorithm because the designs listed in
Table 5 are obtained by replication of smaller designs. This shows that new designs will certainly
have more than 50% efficiency under TSM and TBM while being optimal under SBM.

6. Two active treatments and one placebo CODs in four periods

All possible combinations of three treatments in four periods have 81 treatment sequences. Here, we
have restricted the number of subjects to be at most nine because, cases of such CODs with large
number of subjects is often unlikely in practice. However, an interesting case of the said COD in 12
subjects is considered, because there is opportunity to generate CODs which are nearly uniform in
subjects. Before construction, let us consider a motivational example, the phase IIa trial TD-4208,
reported by Theravance, for the treatment of chronic obstructive pulmonary disease (COPD)
(https://www.centerwatch.com/clinical-trials/results/new-therapies/nmt-details.aspx?CatID=44).

Example 6.1 The randomized, double-blind, four periods crossover study enrolled subjects with

moderate to severe COPD. The subjects were randomized to receive TD-4208 (350 and 700 mcg),

ipratropium bromide, and placebo, each administered as single doses via a nebulizer for four

doses. The primary endpoint of the study was mean change from baseline in peak FEV1

compared to placebo.

In the above situation, one of the following four periods CODs is useful according to the
availability of the subjects and possibility of the carryover model.
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6.1. Optimal CODs under NCM, TSM, TBM, and SSM

In Gondaliya and Divecha (2018), optimal CODs under NCM, TSM, TBM, and SSM were obtained for
various even number of subjects. Obviously, it could not include CODs having odd number of subjects
such as 3, 9, 15, and so on. These designs exist for CODs in three treatments. Among these three
treatments CODs, optimal CODs exist only for the class CODð2þ 1; 3; 4Þ; the codðpÞ133{AABB, BPPA,
PBAP} is optimal under NCM, TSM, and TBM; and codðpÞ134{ABBP, BAPB, PPAA} is optimal under
SSM. However, for the remaining two classes, two treatments CODs remain optimal because they carry
more replications of treatments. Comparison of CODs in two active treatments with and without help of
placebo shown in Table 7 clearly shows that it is better to forgo one unit and use optimal two treatments
COD under NCM, TSM, TBM, and SSM for number of subjects 9, 15, and so on.

Table 7. Optimal and/or efficient balanced CODs for classes CODð2þ 1; 3; 4Þ to CODð2þ 1; 14; 4Þ.

Serial no. Design n NCM TSM TBM SSM SBM

126 AABA,BBAB 2 75 55 55 24 81
127 AABB,BBAA 2 100 91 91 24 81
128 ABAA,BABB 2 75 55 55 24 81
129 ABAB,BABA 2 100 18 18 26 88
130 ABBA,BAAB 2 100 91 91 24 81
131 ABBA,BPPB,PAAP 3 75 67 68 55 100@

132 APPA,BAAB,PBBP 3 75 73 68 41 100
133 AABB; BPPA; PBAP 3 100 100� 100� 97 61
134 ABBP,BAPB,PPAA 3 80 80 76 100� 50
135 AAPP,BPAB,PBBA 3 80 75 72 87 72

136 AABB,2ABBA,2BAAB,BBAA 6 100 100 100 99 34
137 2AABB,ABBA,BAAA,BBAA,BBAB 6 92 92 92 100 34
138 AABB,ABAA,ABBA,BAAB,BABB,BBAA 6 92 90 90 92 35
139 ABBP,APPB,BAAP,BPPA,PABB,PBAA 6 63 63 63 90 76
140 AABB; APBP; BAPP; BBAA; PBPA; PPAB 6 67 67 67 87 76
141 ABPA,APBP,BABA,BPAB,PAPB,PBAP 6 65 55 52 96 97
142 ABAB,APBP,BABA,BPAP,PAPB,PBPA 6 67 54 54 95 100@

143 2AABB,2ABBA,2BAAB,2BBAA 8 100 100 100 96 34
144 2AABA,2ABBA,2BAAB,2BBAB 8 88 73 73 73 35
145 AABB,ABBA,APBP,BAAB,BBAA,BPAP,PAPB,PBPA,PPPP 9 75 75 75 94 83
146 ABAB,APBP,APPB,BABA,BBAA,BPAP,PABP,PAPB,PBPA 9 75 70 68 96 99
147 ABBA; ABPB; APBP; BAAP; BABA; BPAP; PAPB; PBPA; PPAB 9 73 67 66 100� 100@

148 AABB; ABPP; APPB; 2BBAA; BPAP; PABP; PAPB; PPBA 9 75 75 75 89 81

149 AABB; ABBA; APBP; BAAB; BBAA; BPAP; PAPB; PBPA; PPPP 9 60 60 60 79 83
150 ABAB,APBP,APPB,BABA,BBAA,BPAP,PABP,PAPB,PBPA 9 60 56 55 81 99
151 ABBA,ABPB,APBP,BAAP,BABA,BPAP,PAPB,PBPA,PPAB 9 59 54 53 84 100@

152 AABB; ABPP; APPB; 2BBAA; BPAP; PABP; PAPB; PPBA 9 60 60 60 75 81
153 3AABB,2ABBA,2BAAB,3BBAA 10 100 100 100 100 42
154 2AABB,3ABBA,3BAAB,2BBAA 10 100 100 100 100 42
155 3AABB,2ABBA,BAAA,BAAB,2BBAA,BBAB 10 95 95 95 100 42
156 2AABA,ABAB,2ABBA,2BAAB,BABA,2BBAB 10 90 67 67 72 44

157 3AABB,3ABBA,3BAAB,3BBAA 12 100 100 100 100 36
158 3ABAA,3ABBA,3BAAB,3BABB 12 88 73 73 76 38
159 2ABPP; 2APBB; 2BAPP; 2BPAA; 2PABB; 2PBAA 12 63 63 63 74 80
160 2ABPB,2APBA,2BAPA,2BPAP,2PABP,2PBAB 12 63 53 50 89 100@

161 AABP; ABBP; 2APPB; BAAP; BBAP; 2BPPA; 2PABB; 2PBAA 12 63 62 62 88 81

162 2ABPP,2APBB,2BAPP,2BPAA,2PABB,2PBAA 12 54 54 54 64 80
163 2ABPB,2APBA,2BAPA,2BPAP,2PABP,2PBAB 12 54 45 43 77 100@

164 AABP; ABBP; 2APPB; BAAP; BBAP; 2BPPA; 2PABB; 2PBAA 12 54 54 54 76 81
165 3AABB,4ABBA,4BAAB,3BBAA 14 100 100 100 100 42
166 4AABB,3ABBA,BAAA,2BAAB,3BBAA,BBAB 14 96 97 97 100 42
167 AABA,2AABB,ABAA,3ABBA,3BAAB,BABB,2BBAA,BBAB 14 93 90 90 93 44

Designs in bold denote new optimal and/or efficient COD to class having n number of subjects.
�New optimal COD under new defined model SSM.
@New optimal COD under SBM.
�New optimal COD under TSM and TBM.
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6.2. Optimal CODs under SBM

The CODs in two active treatments and a placebo have lesser variance of treatment contrasts under
SBM, than those of two treatments CODs of Hedayat and Stufken (2003), Ozan and Stufken (2010),
and Gondaliya and Divecha (2018). These designs are also optimal than the two treatments four
periods CODs. Note that, in class CODð2þ 1; 3; 4Þ, two designs codðpÞ131{ABBA, BPPB, PAAP}
and codðpÞ132{APPA, BAAB, PBBP} are optimal under SBM. This design also outperforms the COD
(2,2,4) in variance, making it the only efficient COD under SBM. In the same way, when a trial has
six subjects, codðpÞ142{ABAB, APBP, BABA, BPAP, PAPB, PBPA} is optimal under SBM, and hence
preferable over the previous optimal two treatments codðpÞ138{AABB, ABAA, ABBA, BAAB, BABB,
BBAA} which has an efficiency of only 35% under SBM. Similarly, codðpÞ147{ABBA, ABPB, APBP,
BAAP, BABA, BPAP, PAPB, PBPA, PPAB} is optimal under SBM in class CODð2þ 1; 9; 4Þ, with
very low variance than the two treatments codðpÞ144{2AABA, 2ABBA, 2BAAB, 2BBAB}, which has
an efficiency of only 35%. The same discussion can go on for more than nine subjects, but we switch
to an interesting case of CODs in 12 subjects. When n ¼ 12, we consider only those sequences which
are approximately uniform in subjects. That is, only those sequences which contain all three
treatments at least once. In this class CODð2þ 1; 12; 4Þ, the codðpÞ160{2ABPB, 2APBA, 2BAPA,
2BPAP, 2PABP, 2PBAB} is optimal with substantial gain in efficiency, compared to the COD in two
treatments, the codðpÞ158{3ABAA, 3ABBA, 3BAAB, 3BABB} having an efficiency 38%. Regarding
trials in 10 subjects, the COD in two active treatments and a placebo, given by codðpÞ151{ABBA,
ABPB, APBP, BAAP, BABA, BPAP, PAPB, PBPA, PPAB} in nine subjects, beats two treatments
codðpÞ153{3AABB, 2ABBA, 2BAAB, 3BBAA}, under SBM. Similarly, codðpÞ163 is also optimal in
class CODð2þ 1; 14; 4Þ. Hence, it is better to use codðpÞ163 in 12 subjects for estimation of SBM,
with savings of cost incurred on two subjects.

6.3. Efficient CODs under NCM, TSM, TBM, SSM, and SBM

For experimenters who want to switch from one to the other model, it is desirable that a COD is
chosen such that, it is optimal in one model and efficient under rest of the models. Alternatively,
a COD could be desirable which is highly efficient under all five models. The addition of placebo in
comparing two active treatments reduces the variance of treatment contrast by 50% under SBM.
However, the gain is lesser under rest of the four models. Therefore, it is necessary to find CODs
which are efficient under all five models. In class CODð2þ 1; 3; 4Þ, codðpÞ133 is optimal under
NCM, TSM, and TBM, and, efficient under SSM and SBM with efficiencies 97% and 61%, respec-
tively. When six subjects are available, then codðpÞ140{AABB, APBP, BAPP, BBAA, PBPA, PPAB} is
useful because, this is the only design which has an efficiency of more than 65% in all five models. In
class CODð2þ 1; 9; 4Þ, codðpÞ148{AABB, ABPP, APPB, 2BBAA, BPAP, PABP, PAPB, PPBA} has an
efficiency of more than 74% for each of five models. Crossover designs codðpÞ153 and
codðpÞ154{2AABB, 3ABBA, 3BAAB, 2BBAA} in 10 subjects are optimal under NCM, TSM, TBM,
and SSM but have very poor efficiency, which is only 42% under SBM. Since, codðpÞ149{AABB,
ABBA, APBP, BAAB, BBAA, BPAP, PAPB, PBPA, PPPP} and codðpÞ152{AABB, ABPP, APPB,
2BBAA, BPAP, PABP, PAPB, PPBA} in nine subjects have efficiencies more than 60%, they are
efficient in all five models. Similarly, in the class CODð2þ 1; 12; 4Þ, codðpÞ157{3AABB, 3ABBA,
3BAAB, 3BBAA} is optimal under all models except SBM, because, it has very poor efficiency of 36%
under SBM. Hence, codðpÞ159{2ABPP, 2APBB, 2BAPP, 2BPAA, 2PABB, 2PBAA} and
codðpÞ161{AABP, ABBP, 2APPB, BAAP, BBAP, 2BPPA, 2PABB, 2PBAA} having efficiencies more
than 60% are better choices in such cases. Again as codðpÞ165 in 14 subjects is optimal under all
models except SBM, with only 42% efficiency under SBM, it is better to use an overall efficient
design, codðpÞ164{AABP, ABBP, 2APPB, BAAP, BBAP, 2BPPA, 2PABB, 2PBAA} in 12 subjects,
having an efficiency of more than 50% in all five models.
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7. Conclusion

This article contributes several new three treatments crossover designs consisting of two active
treatments and a placebo. Such a crossover design is characterized as an optimal and/or efficient for
two to four periods having different number of subjects. Moreover, such crossover designs can be
constructed by 5M active algorithm. Now the experimenter can use a crossover design in three more
situations: first, when the carryover of both active treatments are not equal; second, to estimate
treatment contrasts under self and mixed carryover model when measurement of subjects is possible
up to two periods only; and third, when availability of subjects is in multiple of three. Also,
experimenters now have more choices of optimal and/or efficient crossover designs for precise
comparison of two active treatments in three and four periods. We recommend that an optimal
design should be chosen when one is sure about the model. Otherwise, one should opt for a design
which is efficient for all five models.
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ABSTRACT

Minimal balanced repeated measurements designs (RMDs) are not
possible to construct in several experimental situations. In these sit-
uations, weakly balanced RMDs are preferred which demand less
experimental subjects without loss of efficiency. In this article, several
generators are developed to construct the minimal circular weakly
balanced RMDs in periods of (i) equal sizes, (ii) two different sizes,
and (iii) three different sizes. All these constructions possess high
efficiency and save the cost of experiments due to less number of
experimental subjects.
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1. Introduction

In repeated measurements designs (RMDs), more than one measurement is taken on each

subject/experimental unit. RMDs are widely used in the fields of medicine, pharmacology,

animal sciences, and psychology where residual effects may exist. Minimal balanced RMDs

(BRMDs) balance out these residual effects at low budget constraints. The situations for

which minimal BRMDs cannot be constructed, weakly balanced RMDs (WBRMDs) are

preferred. Some important definitions related to this study are:

Residual Effect: The effect which a treatment has during its period of application (treatment
effect) may persist into the following period(s). If the effect persists only into the immediately
following period the effect is called first-order carry over/residual effect.

Balanced RMD: RMD is balanced with respect to the first-order residual effects if each
treatment is immediately preceded k’ times by each other treatment (excluding itself). This
design will be minimal if k’ ¼ 1.

Strongly Balanced RMD: RMD is strongly balanced with respect to the first-order residual
effects if each treatment is immediately preceded k’ times by each other treatment
(including itself).

RMD for v (treatments) and pi (period sizes) is weakly balanced with respect to the first-
order residual effects if each treatment is immediately preceded k’1 or k’2 times by each other
treatment (excluding itself) where jk’2 - k’1j ¼ 1.
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Williams (1949) initiated for RMDs. Cheng and Wu (1980) constructed circular bal-

anced and strongly balanced RMDs. Afsarinejad (1994) constructed minimal balanced

and strongly balanced RMDs in periods of unequal sizes. Using method of cyclic shifts,

(a) Iqbal and Jones (1994) constructed efficient RMDs and strongly BRMDs with peri-

ods of equal and unequal sizes, (b) Iqbal and Tahir (2009) constructed circular strongly

BRMDs for some classes, (c) Iqbal, Tahir, and Ghazali (2010) constructed some first-

order and second-order circular balanced and strongly balanced RMDs, (d) Rajab et al.

(2018) developed some generators to obtain the circular BRMDs in periods of equal

sizes, (e) Rasheed et al. (2018) developed some generators to obtain minimal circular

strongly BRMDs in periods of three different sizes, (f) Bashir et al. (2018) presented cir-

cular BRMDs for p¼ 3. Some more references of the designs constructed through

method of cyclic shifts can be found in Ahmed et al. (2020).

Bailey et al. (2017) constructed universally optimal WBRMDs for p¼ v. Khan et al.

(2019) developed some generators to obtain minimal CWBRMDs for p� v in periods

of equal sizes. Hussain et al. (2019) developed some generators to obtain minimal

CWBRMDs in periods of two different sizes for (i) v¼ 2miþsþ 2, p1¼2m, and p2¼s

(even), (ii) v¼ 2miþs, p1¼2m, and p2¼s (even), (iii) v¼ 2miþsþ 1, p1¼2m, and p2¼s

(even)> 2, (iv) v¼ 2miþsþ 1, p1¼2m, and p2¼s (odd)> 3, (v) v¼ 2miþs� 1, p1¼2m,

and p2¼s (even)> 2, (vi) v¼ 2miþs, p1¼2m, and p2¼sþ 1, s even. In this article, some

new generators are developed to obtain minimal CWBRMDs in periods of (i) equal

sizes, (ii) two different sizes, and (iii) three different sizes.

The paper is organized as follows: the model, estimation of treatment and residual

effects, and, its efficiency calculation is presented in Section 2. In Section 3, method of

cyclic shifts is explained to construct CWBRMDs. New generators are discussed for

minimal CWBRMDs in periods of equal sizes, two different sizes, and three different

sizes in Section 3, in Section 4, and in Section 5, respectively.

2. Model and efficiency for circular RMDs

The model repeatedly discussed for RMDs in the literature is traditional model given

by,

yijk ¼ lþ sdðk, jÞ þ cdðk�1, jÞ þ pk þ nij þ eijk (1)

where yijk is the observation from subject j having sequence i in period k to which treat-

ment d(k, j) is given, l is the general mean, sdðk, jÞ is the effect of treatment d(k, j),

cdðk�1, jÞ is the residual effect of treatment d(k�1, j) in the period k which was applied

in the period k�1 to the same subject, pk is the effect of period k, nij is the effect of

subject j having sequence i, eijk are independently normally distributed error term with

mean 0 and variance r2:

2.1. Efficiency for residual effects

The joint information matrix of the treatment and residual effects for the Circular

RMD is given by

2 S. HUSSAIN ET AL.
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where C11, C12, and C22 in periods of two different sizes are given by
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Here, n1 subjects repeatedly measures up to p1 periods, n2 subjects repeatedly measures

up to p2 periods; M1 is the incidence matrix of treatments versus 1 to p2 periods; M2

the incidence matrix of treatments versus p2 þ 1 to p1 periods; �M1 the incidence matrix

of residual versus 1 to p2 periods; �M2 the incidence matrix of residual versus p2 þ 1 to

p1 periods; N1 the incidence matrix of treatments versus 1 to n1 subjects; N2 the inci-

dence matrix of treatments versus n1 þ 1 to n1 þ n2 subjects; �N 1 the incidence matrix

of residual versus 1 to n1 subjects; �N 2 the incidence matrix of residual versus n1 þ 1 to

n1 þ n2 subjects. Similarly, C11, C12, and C22 in periods of three different sizes are given

by

C11 ¼ rI �
1

n1 þ n2 þ n3
M1M

0
1 �

1

n1 þ n2
M2M

0
2 �

1

n1
M3M

0
3 �

1

p1
N1N

0
1

�
1

p2
N2N

0
2 �

1

p3
N3N

0
3 þ

r2

n1p1 þ n2p2 þ n3p3
J

C12 ¼ Z �
1

n1 þ n2 þ n3
M1

�M
0
1 �

1

n1 þ n2
M2

�M
0
2 �

1

n1
M3

�M
0
3 �

1

p1
N1

�N
0
1

�
1

p2
N2

�N
0
2 �

1

p3
N3

�N
0
3 þ

r�r

n1p1 þ n2p2 þ n3p3
J

C22 ¼ �rI �
1

n1 þ n2 þ n3
�M1

�M
0
1 �

1

n1 þ n2
�M2

�M
0
2 �

1

n1
�M3

�M
0
3 �

1

p1
�N 1

�N
0
1

�
1

p2
�N 2

�N
0
2 �

1

p3
�N 3

�N
0
3 þ

�r2

n1p1 þ n2p2 þ n3p3
J

Here, n1 subjects repeatedly measures up to p1 periods; n2 subjects repeatedly measures

up to p2 periods; n3 subjects repeatedly measures up to p3 periods; M1 is the incidence

matrix of treatments versus 1 to p3 periods; M2 the incidence matrix of treatments ver-

sus p3 þ 1 to p2 periods; M3 the incidence matrix of treatments versus p2 þ 1 to p1 peri-

ods; �M1 the incidence matrix of residual versus 1 to p3 periods; �M2 the incidence

matrix of residual versus p3 þ 1 to p2 periods; �M3 the incidence matrix of residual ver-

sus p2 þ 1 to p1 periods; N1 the incidence matrix of treatments versus 1 to n1 subjects;

N2 the incidence matrix of treatments versus n1 þ 1 to n1 þ n2 subjects; N3 the inci-

dence matrix of treatments versus n1 þ n2 þ 1 to n1 þ n2 þ n3 subjects; �N 1 the inci-

dence matrix of residual versus 1 to n1 subjects; �N 2 the incidence matrix of residual

versus n1 þ 1 to n1 þ n2 subjects; �N 3 the incidence matrix of residual versus n1 þ n2 þ
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1 to n1 þ n2 þ n3 subjects. Also we have r as the replication of treatment; �r the replica-

tion of residual; J the matrix with all elements as one. Then the information matrix of

the treatment and residual effects are Cs ¼ C11 � C12C
�
22
C21 and Cc ¼ C22 � C21C

�
11
C12,

respectively. Note that, the information matrix in case of Circular RMD in periods of

equal sizes (p) is obtain by substituting p1 ¼ p, n1 ¼ n and p2 ¼ n2 ¼ M1 ¼ �M1 ¼

N2 ¼ �N 2 ¼ 0 in C11,C12, and C22: for periods of two different sizes.

The efficiency factor for residual effect can be regarded as the harmonic mean of non

zero Eigen values of their respective information matrix, see James and Wilkinson

(1971) and Pearce, Cali�nski, and Marshall (1974). The high value of Er shows that

design is suitable for the estimation of residual effects. Our developed generators pro-

vide the designs with high values of Er, therefore, these designs are suitable for the esti-

mation of residual effects.

2.2. Efficiency of separability

Every RMDs must be characterized for its ability of separating the treatment

effects from residual effects. Divecha and Gondaliya (2014) provided simple for-

mula of efficiency of Separability (ES) for the balanced RMDs. We have modified

this formula according to the constraints of RMDs constructed in this paper is

given by,

ES ¼ 1�
ðl1 þ 4l2Þv� ðl1 þ 2l2Þ

2

ðv� 1Þðl1 þ 2l2Þ
2

( )1
2

2

4

3

5� 100% (2)

where l1 is the number of a treatment immediately preceded by other treatment single

time; l2 is the number of a treatment immediately preceded by other treatment

two times.

3. Method of cyclic shifts

Method of cyclic shifts is introduced by Iqbal (1991). Let we discuss Rule I and Rule II

of method of cyclic shifts for the construction of CBRMDs and CWBRMDs.

Rule I. Let S1¼ [q11, q12, … , qp1�1], S2¼ [q21, q22, … , qp2�1], and S3¼ [q31, q32,

… , qp3�1] be the sets of shifts, where 1� qij� v� 1. If each element 1, 2, … , v� 1

appears an equal number of times, say k
0

in S�, where S� ¼ [{q11, q12, … , qp1�1,

v�(q11þ q12þ� � �þ qp1�1) mod v}, {q21, q22, … , qp2�1, v� (q21þ q22þ � � �þ qp2�1)

mod v}, {q31, q32, … , qp3�1, v�(q31þ q32þ� � �þ qp3�1) mod v}] then design from it

will be CBRMD in periods of sizes p1, p2, and p3. If S� contains all of 1, 2, … , v� 1

exactly k01 times except a few of these which appear k01�1 or k01 þ1 times then it will

be CWBRMD. Sum of any two, three, … , (p� 1) consecutive elements of a set should

not be 0 (mod v). If so, reorder the elements of the corresponding set.

Example 3.1. Minimal CWBRMD for v¼ 20, p1¼8, p2¼6, and p3¼4 can be constructed

through the following sets of shifts.

S1¼ [1,2,3,4,19,18,17] S2¼ [5,6,7,15,14] S3¼ [8,9,12]

4 S. HUSSAIN ET AL.



Proof. S1�¼ [1,2,3,4,19,18,17,16], S2�¼ [5,6,7,15,14,13], S3�¼ [8,9,12,11].

Hence S�¼ [1,2,3,4,19,18,17,16,5,6,7,15,14,13,8,9,12,11]. Here each of 1, 2, … , 19

appears exactly once except 10 which does not appear. Hence given sets of shifts pro-

vide minimal CWBRMD for v¼ 20, p1¼8, p2¼6, and p3¼4. Systematic procedure to

construct this CWBRMD is given below.

Take v experimental subjects for one set of shifts S1¼ [1,2,3,4,19,18,17]. Assign 0,

1, … , v� 1 to each subject in first period respectively. To get the elements of second

period for each subject, add 1 (mod 20) to each element of first period for all subjects.

Then add 2 (mod 20) to each element of second period for all subjects of third period.

Similarly, add 3, 4, 19, 18, and 17 as shown in Table 1.

Take v more experimental subjects for second set of shifts S2¼ [5,6,7,15,14]. Assign 0,

1, … , 19 to each subject in first period respectively. To get the elements of second

period for each subject, add 5 (mod 20) to each element of first period for all subjects.

Then add 6 (mod 20) to each element of second period for all subjects of third period.

Similarly add 7, 15, and 14 as shown in Table 2.

Take v more experimental subjects for third set of shifts and get the array from

S3¼ [8,9,12] in a similar way as shown in Table 3.

Tables 1–3 together produce minimal CWBRMD for v¼ 20, p1¼8, p2¼6, and

p3¼4. w

Table 1. Array obtained from S1¼ [1,2,3,4,19,18,17].

p

Subjects

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0
3 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2
4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5
5 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8 9
6 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8
7 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6
8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3

Table 2. Array obtained from S2¼ [5,6,7,15,14].

p

Subjects

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
2 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4
3 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8 9 10
4 18 19 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
5 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8 9 10 11 12
6 7 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6

Table 3. Array obtained from S3¼ [8,9,12].

p

Subjects

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
2 8 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7
3 17 18 19 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
4 9 10 11 12 13 14 15 16 17 18 19 0 1 2 3 4 5 6 7 8
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Rule II. Let Sa¼ [qa1, qa2, … , qa(p�1)], Sb¼ [qb1, qb2, … , qb(p�1)], and Sc¼ [qc1, qc2,

… , qc(p�2)]t be the three sets of shifts, where 1� qi� v� 2. Then S� will be [qa1, qa2,

… , qa(p�1), (v� 1) � (qa1 þqa2 þ � � �þqa(p�1)) mod(v� 1), qb1, qb2, … , qb(p�1), (v� 1)

�(qb1 þqb2 þ � � �þqb(p�1)) mod(v� 1), qc1, qc2, … , qc(p�2)]. If each element 1, 2, … ,

v� 2 appears an equal number of times, say k’ in S� then design from it will be

CBRMD. If S� contains all of 1, 2, … , v� 2 exactly k01 time except a few of these

which appear k01 �1 or k01 þ1 times then it will be CWBRMD. Sum of any two, three,

… , (p� 1) consecutive elements of a set should not be 0 mod (v� 1). If so, reorder the

elements of the corresponding set.

Example 3.2. Minimal CWBRMD for v¼ 18, p1¼8, p2¼6, and p3¼3 can be constructed

through the following sets of shifts.

S1¼ [1,2,3,4,16,15,14]S2¼ [5,6,7,12,11]S3 ¼ [8]t

Proof. S1�¼ [1,2,3,4,16,15,14,13], S2�¼ [5,6,7,12,11,10], S3�¼ [8].

Hence S�¼ [1,2,3,4,16,15,14,13,5,6,7,12,11,10,8]. Here each of 1,2, … , 16 appears

exactly once except 9 which does not appear. Hence given sets of shifts provide minimal

CWBRMD for v¼ 18, p1¼8, p2¼6, and p3¼3. Systematic procedure to construct this

CWBRMD is given below.

Take v� 1 experimental subjects for first set of shifts S1¼ [1,2,3,4,16,15,14]. Assign 0,

1, … , v� 2 to each subject in first period, respectively. To get the elements of second

period for each subject, add 1 (mod 17) to each element of first period for all subjects.

Then add 2 (mod 17) to each element of second period for all subjects of third period.

Similarly, add 3, 4, 16, 15, and 1 to complete the array as shown in Table 4.

Take more v� 1 experimental subjects for second set of shifts S2¼ [5,6,7,12,11].

Assign 0, 1, … , v� 2 to each subject in first period, respectively. To get the elements

of second period for each subject, add 5 (mod 17) to each element of first period for all

subjects. Then add 6 (mod 17) to each element of second period for all subjects of third

period. Similarly, add 7, 12, and 11 to complete the array as shown in Table 5.

Take more v� 1 experimental subjects for third set of shifts [8]t. Assign 0,1, … ,

v� 2 to each subject in first period respectively. To get the elements of second period

for each subject, add 8 (mod 17) to each element of first period for all subjects. Then

assign 17 to each element of third period for all subjects as shown in Table 6.

Tables 4–6 together produce minimal CWBRMD for v¼ 18, p1¼8, p2¼6, and

p3¼3. w

Table 4. Array obtained from S1¼ [1,2,3,4,16,15,14].

p

Subjects

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 0
3 3 4 5 6 7 8 9 10 11 12 13 14 15 16 0 1 2
4 6 7 8 9 10 11 12 13 14 15 16 0 1 2 3 4 5
5 10 11 12 13 14 15 16 0 1 2 3 4 5 6 7 8 9
6 9 10 11 12 13 14 15 16 0 1 2 3 4 5 6 7 8
7 7 8 9 10 11 12 13 14 15 16 0 1 2 3 4 5 6
8 4 5 6 7 8 9 10 11 12 13 14 15 16 0 1 2 3
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4. Minimal CWBRMDs in periods of equal sizes

In this section, one generator is developed to generate minimal CWBRMDs in periods

of equal sizes using method of cyclic shifts (Rule I).

Generator 4.1. Following i sets of shifts provide minimal CWBRMD for v¼ 2mi,

p¼ 2m, i integer, and m (integer)> 2. Here, ordered pairs {(0, v/2), (1, (vþ 2)/2), … ,

((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)} appear twice together as

preceded values while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)];j¼ 0, 1,

… , i� 1

Examples are given in Table 7.

5. Minimal CWBRMDs in periods of two different sizes

5.1. Minimal CWBRMDs in periods of two different sizes using Rule I

In this section, generators are developed to generate minimal CWBRMDs in periods of two

different sizes using method of cyclic shifts (Rule I). Here i sets are for p1 and two for p2.

Generator 5.1.1. Following (iþ 2) sets of shifts provide minimal CWBRMD for

v¼ 2miþ 4sþ 2, p1¼2m, and p2 ¼ 2s, i integer, and m (integer)> 2. Here, ordered pairs

{(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/

2)} do not appear together while all other appear once.

Table 5. Array obtained from S2¼ [5,6,7,12,11].

p

Subjects

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 5 6 7 8 9 10 11 12 13 14 15 16 0 1 2 3 4
3 11 12 13 14 15 16 0 1 2 3 4 5 6 7 8 9 10
4 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 0
5 13 14 15 16 0 1 2 3 4 5 6 7 8 9 10 11 12
6 7 8 9 10 11 12 13 14 15 16 0 1 2 3 4 5 6

Table 6. Array obtained from S3¼ [8]t.

p

Subjects

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 41

1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 8 9 10 11 12 13 14 15 16 0 1 2 3 4 5 6 7
3 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17

Table 7. CWBRMDs for v¼ 2mi, p¼ 2m, i integer.

v p Set(s) of shifts Er Es

16 8 [1,2,3,4,15,14,13]þ [ 6, 5,7,8,11,10,9] 0.93 0.91
20 10 [1,2,3,4,5,19,18,17,16]þ [6,7,8,14,9,10,13,11,12] 0.945 0.93
24 12 [1,2,4,3,6,5,23,22,21,20,19]þ [7,8,10,9,11,17,12,16,15,14,13] 0.955 0.94
28 14 [1,2,6,3,4,5,27,7,26,25,24,23,22]þ [8,9,13,10,11,12,14,20,19,18,17,16,15] 0.96 0.95
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Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþs� 1)]

Siþ2 ¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ 2s� 1)]

Examples are given in Table 8.

Generator 5.1.2. Following (iþ 2) sets of shifts provide minimal CWBRMD for

v¼ 2miþ 4s, p1¼2m, and p2¼2s, i integer, and m (integer)> 2. Here, ordered pairs {(0,

v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)}

appear twice together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)];

j¼ 0, 1, … , i� 1

Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþs� 1)]

Siþ2 ¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ 2s� 1)]

Examples are given in Table 9.

5.2. Minimal CWBRMDs in periods of two different sizes using Rule II

In this section, some generators are developed to obtain minimal CWBRMDs in periods

of two different sizes using method of cyclic shifts (Rule II). Here i sets are for p1 and

two for p2.

Generator 5.2.1. Following (iþ 2) sets of shifts provide minimal CWBRMD for

v¼ 2miþ 4sþ 1, p1¼2m, and p2¼2s, where i integer, m (integer)> 4. Here, ordered

pairs {(0, (vþ 1)/2), (1, (vþ 3)/2), … , ((v� 5)/2, v� 2), ((v� 3)/2, 0), ((v� 1)/2, 1),

… , (v� 2, (v� 1)/2)} do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,

v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Table 8. CWBRMDs for v¼ 2miþ 2sþ 2, p1¼2m, and p2¼s (even), i integer.

v p1 p2 Sets of shifts Er Es

28 10 8 [1,2,3,4,5,27,26,25,24]þ [6,7,8,9,22,21,20]þ [10,11,12,13,18,17,16] 0.91 0.95
38 10 8 [1,2,3,4,5,37,36,35,34]þ [6,7,8,9,10,32,31,30,29]þ

[11,12,13,14,27,26,25]þ [15,16,17,18,23,22,21]
0.91 0.94

30 12 8 [1,2,4,3,6,5,29,28,27,26,25]þ [7,8,9,10,23,22,21]þ [11,12,13,14,19,18,17] 0.92 0.95
42 12 8 [1,2,4,3,6,5,41,40,39,38,37]þ [7,9,8,10,11,12,35,33,34,32,31]þ

[13,14,16,29,15,28,27]þ [17,18,19,20,25,24,23]
0.92 0.94

Table 9. CWBRMDs for v¼ 2miþ 2s, p1¼2m, and p2¼s (even), i integer.

v p1 p2 Sets of shifts Er Es

22 10 6 [1,2,3,4,5,21,20,19,18]þ [6,7,8,16,15]þ [9,10,11,13,12] 0.90 0.93
32 10 6 [1,2,3,4,5,31,30,29,28]þ [6,7,8,9,10,26,25,24,23]þ

[11,12,13,21,20]þ [14,15,16,18,17]
0.90 0.96

28 12 8 [1,2,4,3,6,527,26,25,24,23]þ [7,8,9,10,21,20,19]þ
[12,11,13,14,17,16,15]

0.92 0.95

30 14 8 [1,2,3,4,5,6,7,29,28,27,26,25,24]þ [9,8,10,11,21,22,20]þ
[13,12,14,15,18,17,16]

0.93 0.95
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Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v�1�(miþ 1), v�1�(miþ 2), … , v�1�(miþs� 1)]

Siþ2 ¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v�1�(miþsþ 1), v�1�(miþsþ 2),
… , v�1�(miþ 2s� 2)]t

Examples are given in Table 10.

Generator 5.2.2. Following (iþ 2) sets of shifts provide minimal CWBRMD for

v¼ 2miþ 4s� 1, p1¼2m, and p2¼2s, where i integer, m (integer)> 4. Here, ordered

pairs {(0, (vþ 1)/2), (1, (vþ 3)/2), … , ((v� 5)/2, v� 2), ((v� 3)/2, 0), ((v� 1)/2, 1),

… , (v� 2, (v� 1)/2)} appear twice together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,

v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2),

… , v� 1�(miþs� 1)]

Siþ2 ¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),

… , v� 1�(miþ 2s� 2)]t

Examples are given in Table 11.

6. Minimal CWBRMDs in periods of three different sizes

6.1. Minimal CWBRMDs in periods of three different sizes using Rule I

In this section, some generators are developed to generate minimal CWBRMDs in peri-

ods of three different sizes using method of cyclic shifts (Rule I).

Generator 6.1.1. If v¼ 2miþ 2sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1, where u< s<m then minimal CWBRMD can be constructed through

the following iþ 2 sets of shifts. Here i sets are for p1, one for p2, and also one for p3.

In these designs, ordered pairs {(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0),

((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)} do not appear together as preceded value while all

other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1 ¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Table 10. CWBRMDs for v¼ 2miþ 2sþ 1, p1¼2m, and p2¼s, where i integer, s (even)> 2.

v p1 p2 Sets of shifts Er Es

21 8 6 [1,2,3,4,19,18,17]þ [5,6,7,15,14]þ [8,9,10,12]t 0.99 0.93
23 10 6 [1,2,3,4,5,21,20,19,18]þ [6,7,8,16,15]þ [9,10,11,13]t 0.99 0.93
29 12 8 [1,2,3,4,5,6,27,26,25,24,23]þ [7,8,9,10,21,20,19]þ [11,12,13,14,17,16]t 0.91 0.95
31 14 8 [1,2,3,4,5,6,7,29,28,27,26,25,24]þ [9,8,10,11,21,22,20]þ [13,12,14,15,18,17]t 0.99 0.95

Table 11. CWBRMDs for v¼ 2miþ 2s� 1, p1¼2m, and p2¼s, where i integer, s (even)> 2.

v p1 p2 Sets of shifts Er Es

19 8 6 [1,2,3,4,17,16,15]þ [5,6,13,7,12]þ [8,9,10,10]t 0.99 0.92
25 10 8 [1,2,3,4,5,23,22,21,20]þ [7,6,8,9,17,18,16]þ [10,11,12,13,14,13]t 0.99 0.94
27 12 8 [1,2,4,3,6,5,25,24,23,22,21]þ [7,8,9,10,19,18,17]þ [11,12,13,14,15,14]t 0.99 0.95
33 14 10 [1,2,3,4,5,6,7,31,30,29,28,27,26]þ [8,9,10,11,12,24,23,22,21]þ

[13,14,15,16,17,19,18,17]t
0.99 0.96
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Siþ2¼ [miþsþ 1,miþsþ 2, … ,miþsþu, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþsþu� 1)]

Examples are given in Table 12.

Generator 6.1.2. If v¼ 2miþ 4sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1, where u< s<m then minimal CWBRMD can be constructed through

the following (iþ 3) sets of shifts. Here i sets are for p1, two for p2, and one for p3. In

these designs, ordered pairs {(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0),

((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)} do not appear together as preceded value while all

other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2 ¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ(2s� 1)]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v�(miþ 2sþ 1), v�(miþ 2sþ 2), … ,
v�(miþ 2sþu� 1)]

Examples are given in Table 13.

Generator 6.1.3. If v¼ 2miþ 4sþ 4uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1, where u< s<m then minimal CWBRMD can be constructed through

the following (iþ 4) sets of shifts. Here i sets are for p1, two for p2, and also two for p3.

In these designs, ordered pairs {(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0),

((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)} do not appear together as preceded value while all

other appear once.

Table 12. CWBRMDs for v¼ 2miþ 2sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

26 12 8 4 [1,2,4,3,6,5,25,24,23,22,21]þ [7,8,9,10,19,18,17]þ [11,12, 15] 0.92 0.94
38 12 8 4 [1,2,4,3,6,5,37,36,35,34,33]þ [8,7,9,10,11,12,30,31,29,28,27]þ

[13,14,15,16,25,24,23]þ [17,18,21]
0.91 0.96

38 14 12 10 [1,2,3,4,5,6,7,37,36,35,34,33,32]þ [10,8,9,12,11,30,13,29,28,27,26]þ
[14,15,16,17,18,24,23,22,21]

0.94 0.96

52 14 12 10 [1,2,3,4,5,6,7,51,50,49,48,47,46]þ [ 9,8,11,10,13,12,14,43,44,42,41,40,39]þ
[15,16,17,18,19,20,37,36,35,34,33]þ [21,22,23,24,25,31,30,29,28]

0.94 0.97

Table 13. CWBRMDs for v¼ 2miþ 4sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

36 12 8 6 [1,2,4,3,6,5,35,34,33,32,31]þ [7,8,9,10,29,28,27]þ
[11,12,25,13,14,24,23]þ [15,16,17,21,20]

0.90 0.96

48 12 8 6 [1,2,4,3,6,5,47,46,45,44,43]þ
[7,8,9,10,11,12,41,40,39,38,37]þ
[13,14,15,16,35,34,33]þ
[17,18,19,20,31,30,29]þ [21,22,23,27,26]

0.91 0.97

38 14 8 6 [1,2,3,4,5,6,7,37,36,35,34,33,32]þ [8,9,10,30,11,29,28]þ
[12,13,14,15,26,25,24]þ [16,17,18,22,21]

0.91 0.96

52 14 8 6 [1,2,3,4,5,6,7,51,50,49,48,47,46]þ
[9,8,11,10,13,12,14,43,44,42,41,40,39]þ
[15,16,17,18,37,36,35]þ [19,20,21,22,33,32,31]þ
[23,24,25,29,28]

0.92 0.97
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Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ(2s� 1)]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v�(miþ 2sþ 1), v�(miþ 2sþ 2), … ,
v�(miþ 2sþu� 1)

Siþ4¼ [miþ 2sþuþ 1,miþ 2sþsþ 2, … ,miþ 2sþ 2u, v�(miþ 2sþuþ 1), v�(miþ 2sþuþ 2),
… , v�(miþ 2sþ 2u� 1)]

Examples are given in Table 14.

Generator 6.1.4. If v¼ 2miþ 2sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2u,

u> 1 then minimal CWBRMD can be constructed through the following (iþ 2) sets of

shifts. Here i sets are for p1, one for p2, and also one for p3. In these designs, ordered

pairs {(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1,

(v� 2)/2)} appear twice together as preceded values while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,
… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v�(miþsþ 1), v�(miþsþ 2), … ,
v�(miþsþu� 1)], for u > 1

Examples are given in Table 15.

Generator 6.1.5. If v¼ 2miþ 4sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2u,

u> 1 then minimal CWBRMD can be constructed through the following (iþ 3) sets of

shifts. Here i sets are for p1, two for p2, and one for p3. In these designs, ordered pairs

Table 14. CWBRMDs for v¼ 2miþ 4sþ 4uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

32 10 6 4 [1,2,3,4,5,31,30,29,28]þ [6,7,8,26,25]þ [9,10,11,23,22]þ
[12,13,20]þ [14,15,18]

0.86 0.95

40 10 8 6 [1,2,3,4,5,39,38,37,36]þ [6,7,8,9,34,33,32]þ
[10,11,12,13,30,29,28]þ [14,15,16,26,25]þ [17,18,19,23,22]

0.88 0.96

42 12 8 6 [1,2,4,3,6,5,41,40,39,38,37]þ [7,8,9,10,35,34,33]þ
[11,12,13,14,31,30,29]þ [15,16,17,27,26]þ [18,19,20,24,23]

0.89 0.97

50 12 10 8 [1,2,4,3,6,5,49,48,47,46,45]þ [7,8,9,10,11,43,42,41,40]þ
[12,13,14,15,16,38,37,36,35]þ [17,18,19,20,33,32,31]þ
[21,22,23,24,29,28,27]

0.91 0.97

Table 15. CWBRMDs for v¼ 2miþ 2sþ 2u, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

24 12 8 4 [1,2,4,3,6,5,23,22,21,20,19]þ [7,8,17,9,10,16,15]þ [11,12,13] 0.91 0.94
36 12 8 4 [1,2,4,3,6,5,35,34,33,32,31]þ [7,8,9,10,11,12,29,28,27,26,25]þ

[13,14,15,16,23,22,21]þ [17,18,19]
0.91 0.96

26 14 8 4 [4,1,3,2,6,5,7,25,24,23,22,21,20]þ [8,9,10,11,18,17,16]þ [12,13,14] 0.92 0.94
40 14 8 4 [1,2,3,4,5,6,7,39,38,37,36,35,34]þ [8,9,11,10,13,12,14,32,31,30,29,28,27]þ

[15,16,17,18,25,24,23]þ [19,20,21]
0.92 0.96
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{(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/

2)} appear twice together as preceded values while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mjþm� 1)]; j¼ 0, 1,

… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ(2s� 1)]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v�(miþ 2sþ 1), v�(miþ 2sþ 2), … ,

v�(miþ 2sþu� 1)]

Examples are given in Table 16.

Generator 6.1.6. If v¼ 2miþ 4sþ 4u, p1 ¼ 2m, m> 3 integer, p2¼2s, s> 2, and p3¼2u,

u> 1 then minimal CWBRMD can be constructed through the following (iþ 4) sets of

shifts. Here i sets are for p1, two for p2, and also two for p3. In these designs, ordered pairs

{(0, v/2), (1, (vþ 2)/2), … , ((v� 2)/2, v� 1), (v/2, 0), ((vþ 2)/2, 1), … , (v� 1, (v� 2)/2)}

appear twice together as preceded values while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v�(mjþ 1), v�(mjþ 2), … , v�(mj þm� 1)]; j¼ 0, 1,

… , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v�(miþ 1), v�(miþ 2), … , v�(miþ(s� 1)]

Siþ2¼ [miþsþ 1,miþsþ 2, … ,miþ 2s, v�(miþsþ 1), v�(miþsþ 2), … , v�(miþ(2s� 1)]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v�(miþ 2sþ 1), v�(miþ 2sþ 2), … ,

v�(miþ 2sþu� 1)]

Siþ4¼ [miþ 2sþuþ 1, miþ 2sþuþ 2, … , miþ 2sþ 2u, v�(miþ 2sþuþ 1),

v�(miþ 2sþuþ 2), … , v�(miþ 2sþ 2u� 1)]

Examples are given in Table 17.

6.2. Minimal CWBRMDs in periods of three different sizes using Rule II

In this section, generators are developed to obtain minimal CWBRMDs in periods of

three different sizes using method of cyclic shifts (Rule II).

Generator 6.2.1. If v¼ 2miþ 2sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2uþ 1, u integer then minimal CWBRMD can be constructed through the following

Table 16. CWBRMDs for v¼ 2miþ 4sþ 2u, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

38 12 10 6 [1,2,4,3,6,5,37,36,35,34,33]þ [9,7,8,10,11,30,31,29,28]þ
[12,13,14,16,15,26,25,24,23]þ [17,18,19,21,20]

0.92 0.96

50 12 10 6 [1,2,4,3,6,5,49,48,47,46,45]þ [8,7,9,10,11,12,42,43,41,40,39]þ
[13,14,15,16,17,37,36,35,34]þ [18,19,20,21,32,22,31,30,29]þ
[23,24,25,27,26]

0.92 0.97

40 12 10 8 [1,2,4,3,6,5,39,38,37,36,35]þ [7,8,9,10,11,33,32,31,30]þ
[12,13,14,15,16,28,27,26,25]þ [18,17,19,20,23,22,21]

0.92 0.96

52 12 10 8 [1,2,4,3,6,5,51,50,49,48,47]þ [7,8,9,10,11,12,45,44,43,42,41]þ
[13,14,15,16,17,39,38,37,36]þ [18,19,20,21,22,34,33,32,31]þ
[24,23,25,26,29,28,27]

0.92 0.97
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(iþ 2) sets of shifts. Here i sets are for p1, one for p2, and also one for p3. In these

designs some ordered pairs do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþ m, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v� 1�(miþsþ 1), v� 1�(miþsþ 2), … ,
v� 1�(miþsþu� 1)]t

Examples are given in Table 18.

Generator 6.2.2. If v¼ 2miþ 4sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2uþ 1, u integer then minimal CWBRMD can be constructed through the following

(iþ3) sets of shifts. Here i sets are for p1, two for p2, and one for p3. In these designs

some ordered pairs do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 1)]t

Examples are given in Table 19.

Generator 6.2.3. If v¼ 2miþ 2sþ 2uþ 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1 then minimal CWBRMD can be constructed through the following

(iþ 2) sets of shifts. Here i sets are for p1, one for p2, and also one for p3. In these

designs some ordered pairs do not appear together while all other appear once.

Table 17. CWBRMDs for v¼ 2miþ 4sþ 4u, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

v p1 p2 p3 Sets of shifts Er Es

40 12 8 6 [1,2,4,3,6,5,39,38,37,36,35]þ [7,8,9,10,33,32,31]þ
[11,12,13,14,29,28,27]þ [15,16,17,25,24]þ [18,19,20,22,21]

0.89 0.96

52 12 8 6 [1,2,4,3,6,5,51,50,49,48,47]þ [7,8,9,10,11,12,45,44,43,42,41]þ
[13,14,15,16,39,38,37]þ [17,18,19,20,35,34,33]þ
[21,22,23,31,30]þ [24,25,26,28,27]

0.91 0.97

50 14 10 8 [1,2,3,4,5,6,7,49,48,47,46,45,44]þ [8,9,10,11,42,12,41,40,39]þ
[13,14,15,16,17,37,36,35,34]þ [18,19,20,21,32,31,30]þ
[23,22,24,25,28,27,26]

0.92 0.97

64 14 10 8 [1,2,3,4,5,6,7,63,62,61,60,59,58]þ
[8,9,11,10,13,12,14,56,55,54,53,52,51]þ
[15,16,17,18,19,49,48,47,46]þ [20,21,22,23,24,44,43,42,41]þ
[25,26,27,28,39,38,37]þ [30,29,31,32,35,34,33]

0.92 0.98

Table 18. CWBRMDs for v¼ 2miþ 2sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3¼2uþ 1.

v p1 p2 p3 Sets of shifts Er Es

19 8 6 3 [1,2,3,4,17,16,15]þ [5,6,13,7,12]þ [8]t 1.0 0.90
21 8 6 5 [1,2,3,4,19,18,17]þ [5,6,7,15,14]þ [8,9,12]t 1.0 0.91
25 10 8 5 [1,2,3,4,5,23,22,21,20]þ [7,6,8,9,17,18,16]þ [10,11,14]t 1.0 0.93
29 12 10 5 [1,2,4,3,6,5,27,26,25,24,23]þ [7,8,9,10,11,21,20,19,18]þ [12,13,16]t 1.0 0.94
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Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþm� 1)];
j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , mi þs, v� 1� (miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v� 1�(miþsþ 1), v� 1�(miþsþ 2), … ,
v� 1�(miþsþu� 2)]t

Examples are given in Table 20.

Generator 6.2.4. If v¼ 2miþ 4sþ 2uþ 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1 then minimal CWBRMD can be constructed through the following

(iþ 3) sets of shifts. Here i sets are for p1, two for p2, and one for p3. In these designs

some ordered pairs do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mj þm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþ
m� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1� (miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1� (miþ sþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1� (miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 2)]t

Examples are given in Table 21.

Generator 6.2.5. If v¼ 2miþ 4sþ 4uþ 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u > 1 then minimal CWBRMD can be constructed through the following

(iþ 4) sets of shifts. Here i sets are for p1, two for p2, and also two for p3. In these

designs some ordered pairs do not appear together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþm� 1)];
j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),
… , v� 1�(miþ 2s� 1]

Table 19. CWBRMDs for v¼ 2miþ 4sþ 2uþ 2, p1¼2m, m> 3 integer, p2¼2s, and p3 ¼2uþ 1.

V p1 p2 p3 Sets of shifts Er Es

24 8 6 3 [1,2,3,4,22,21,20]þ [5,6,7,18,17]þ [8,9,10,15,14]þ [11]t 0.99 0.94
26 8 6 5 [1,2,3,4,24,23,22]þ [5,6,7,20,19]þ [8,9,10,17,16]þ [11,12,14]t 0.99 0.94
32 10 8 5 [1,2,3,4,5,30,29,28,27]þ [6,7,8,9,25,24,23]þ [10,11,12,13,21,20,19]þ [14,15,17]t 0.99 0.95
38 12 10 5 [1,2,4,3,6,5,36,35,34,33,32]þ [7,8,9,10,11,30,29,28,27]þ

[12,13,14,15,16,25,24,23,22]þ [17,18,20]t
0.99 0.96

Table 20. CWBRMDs for v¼ 2miþ 2sþ 2uþ 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

23 10 8 4 [1,2,3,4,5,21,20,19,18]þ [6,7,8,9,16,15,14]þ [10,11]t 1.00 0.93
25 10 8 6 [1,2,3,4,5,23,22,21,20]þ [7,6,8,9,17,18,16]þ [10,11,12,14]t 1.00 0.94
31 12 10 8 [1,2,4,3,6,5,29,28,27,26,25]þ [7,8,9,10,23,11,21,22,20]þ [12,13,14,15,18,17]t 0.95 0.95
37 14 12 10 [1,2,3,4,5,6,7,35,34,33,32,31,30]þ [8,9,10,11,12,28,13,27,25,26,24]þ

[14,15,16,17,18,22,21,20]t
1.00 0.96
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Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 1]

Siþ4¼ [miþ 2sþuþ 1, miþ 2sþuþ 2, … , miþ 2sþ 2u, v� 1�(miþ 2sþuþ 1),
v� 1�(miþ 2sþuþ 2), … , v� 1�(miþ 2sþ 2u� 2)]t

Examples are given in Table 22.

Generator 6.2.6. If v¼ 2miþ 2sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2uþ 1, u integer then minimal CWBRMD can be constructed through the following

(iþ 2) sets of shifts. Here i sets are for p1, one for p2, and also one for p3. In these

designs some ordered pairs appear twice together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v� 1�(miþsþ 1), v� 1�(miþsþ 2), … ,
v� 1�(miþsþu� 1)]t

Examples are given in Table 23.

Generator 6.2.7. If v¼ 2miþ4sþ2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2uþ 1,

u integer then minimal CWBRMD can be constructed through the following (iþ 3) sets

of shifts. Here i sets are for p1, two for p2, and one for p3. In these designs some

ordered pairs appear twice together while all other appear once.

Table 21. CWBRMDs for v¼ 2miþ 4sþ 2uþ 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

31 10 8 4 [1,2,3,4,5,29,28,27,26]þ [6,7,8,24,9,23,22]þ
[10,11,12,13,20,19,18]þ [14,15]t

0.99 0.95

33 10 8 6 [1,2,3,4,5,31,30,29,28]þ [6,7,8,9,26,25,24]þ
[10,11,12,13,22,21,20]þ [14,15,16,18]t

0.99 0.96

41 12 10 8 [1,2,4,3,6,5,39,38,37,36,35]þ [7,8,9,10,11,33,32,31,30]þ
[12,13,14,15,16,28,27,26,25]þ [17,18,19,20,23,22]t

0.94 0.96

49 14 12 10 [1,2,3,4,5,6,7,47,46,45,44,43,42]þ
[8,9,10,11,12,,13,40,39,38,37,36]þ
[15,14,16,17,18,19,33,34,32,31,30]þ
[20,21,22,23,24,28,27,26]t

0.99 0.97

Table 22. CWBRMDs for v¼ 2miþ 4sþ 4uþ 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

35 10 8 4 [1,2,3,4,5,33,32,31,30]þ [6,7,8,9,28,27,26]þ
[10,11,12,13,24,23,22]þ [14,15,20]þ [16,17]t

0.96 0.96

39 10 8 6 [1,2,3,4,5,37,36,35,34]þ [6,7,8,9,32,31,30]þ
[10,11,12,13,28,27,26]þ [14,15,16,24,23]þ [17,18,19,21]t

0.97 0.96

48 12 10 8 [2,1,4,3,46,5,6,45,44,42,43]þ [7,8,9,10,11,41,40,39,38]þ
[13,12,14,15,16,36,33,35,34]þ [17,18,19,20,31,30,29]þ
[21,22,23,24,27,26]t

0.84 0.94

59 14 12 10 [1,2,3,4,5,6,7,57,56,55,54,53,52]þ
[8,9,10,11,12,13,50,49,48,47,46]þ
[14,15,16,17,18,19,44,43,42,41,40]þ
[20,21,22,23,24,38,37,36,35]þ
[25,26,27,28,29,33,32,31]t

0.98 0.97
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Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþ m, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþ m� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþ s, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþ s� 1]

Siþ2¼ [miþ sþ 1, miþ sþ 2, … , miþ 2s, v� 1�(miþ sþ 1), v� 1�(miþ sþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþ u, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþ u-1)]t

Examples are given in Table 24.

Generator 6.2.8. If v¼ 2miþ 2sþ 2u� 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1 then minimal CWBRMD can be constructed through the following

(iþ 2) sets of shifts. Here i sets are for p1, one for p2, and also one for p3. In these

designs some ordered pairs appear twice together while all other appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþm� 1)];
j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþsþu, v� 1�(miþsþ 1), v� 1�(miþsþ 2), … ,
v� 1�(miþsþu� 2)]t

Examples are given in Table 25.

Generator 6.2.9. If v¼ 2miþ 4sþ 2u� 1, p1¼2m, m> 3 integer, p2¼2s, s> 2, and

p3¼2u, u> 1 then minimal CWBRMD can be constructed through the following

(iþ 3) sets of shifts. Here i sets are for p1, two for p2, and one for p3. In these designs

some ordered pairs appear twice together while all other appear once.

Table 23. CWBRMDs for v¼ 2miþ 2sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2uþ 1.

V p1 p2 p3 Sets of shifts Er Es

16 8 6 3 [1,2,3,4,14,13,12]þ [5,6,7,10,9]þ [8]t 1.00 0.91
18 8 6 5 [1,2,3,4,16,15,14]þ [5,6,7,12,11]þ [8,9,9]t 0.92 0.92
22 10 8 5 [1,2,3,4,5,20,19,18,17]þ [6,7,9,15,8,14,13]þ [10,11,11]t 0.94 0.94
26 12 10 5 [1,2,4,3,6,5,24,23,22,21,20]þ [7,8,9,10,11,18,17,16,15]þ [12,13,13]t 0.94 0.95

Table 24. CWBRMDs for v¼ 2miþ 4sþ 2u, p1¼2m, m> 3 integer, p2¼2s, s> 2, and p3¼2uþ 1.

V p1 p2 p3 Sets of shifts Er Es

22 8 6 3 [1,2,3,4,20,19,18]þ [5,6,7,16,15]þ [8,9,10,13,12]þ [11]t 0.99 0.94
24 8 6 5 [1,2,3,4,22,21,20]þ [5,6,7,18,17]þ [8,9,10,15,14]þ [11,12,12]t 0.90 0.94
30 10 8 5 [1,2,3,4,5,28,27,26,25]þ [6,7,8,9,23,22,21]þ

[10,11,12,13,19,18,17]þ [14,15,15]t
0.92 0.95

36 12 10 5 [1,2,4,3,6,5,34,33,32,31,30]þ [7,8,9,10,11,28,27,26,25]þ
[12,13,14,15,23,16,22,21,20]þ [17,18,18]t

0.93 0.96

Table 25. CWBRMDs for v¼ 2miþ 2sþ 2u� 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

19 10 6 4 [1,2,3,4,5,17,16,15,14]þ [6,7,8,12,11]þ [9,10]t 1.0 0.93
23 10 8 6 [1,2,3,4,5,21,20,19,18]þ [6,7,8,9,16,15,14]þ [10,11,12,12]t 1.0 0.94
27 12 10 6 [1,2,4,3,6,5,25,24,23,22,21]þ [7,8,9,10,11,19,18,17,16]þ [12,13,14,14]t 1.0 0.95
29 12 10 8 [1,2,4,3,6,5,27,26,25,24,23]þ [7,8,9,10,11,21,20,19,18]þ [12,13,14,15,16,15]t 1.0 0.95
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Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … ,
v� 1�(mjþm� 1)]; j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1� (miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 2)]t

Examples are given in Table 26.

Generator 6.2.10. If v¼ 2miþ 4sþ 4u� 1, p1¼2m, m> 3 integer, p2¼2s, s> 2,

and p3¼2u, u> 1 then minimal CWBRMD can be constructed through the

following (iþ 4) sets of shifts. Here i sets are for p1, two for p2, and also two for

p3. In these designs some ordered pairs appear twice together while all other

appear once.

Sjþ1 ¼ [mjþ 1, mjþ 2, … , mjþm, v� 1�(mjþ 1), v� 1�(mjþ 2), … , v� 1�(mjþm� 1)];
j¼ 0, 1, … , i� 1

Siþ1¼ [miþ 1, miþ 2, … , miþs, v� 1�(miþ 1), v� 1�(miþ 2), … , v� 1�(miþs� 1]

Siþ2¼ [miþsþ 1, miþsþ 2, … , miþ 2s, v� 1�(miþsþ 1), v� 1�(miþsþ 2),
… , v� 1�(miþ 2s� 1]

Siþ3¼ [miþ 2sþ 1, miþ 2sþ 2, … , miþ 2sþu, v� 1�(miþ 2sþ 1), v� 1�(miþ 2sþ 2),
… , v� 1�(miþ 2sþu� 1]

Siþ4¼ [miþ 2sþuþ 1, miþ 2sþuþ 2, … , miþ 2sþ 2u, v� 1�(miþ 2sþuþ 1),
v� 1�(miþ 2sþuþ 2), … , v – 1�(miþ 2sþ 2u� 2)]t

Examples are given in Table 27.

Table 26. CWBRMDs for v¼ 2miþ 4sþ 2u� 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

29 10 8 4 [1,2,3,4,5,27,26,25,24]þ [6,7,8,9,22,21,20]þ [10,11,12,13,18,17,16]þ [14,15]t 0.99 0.95
31 10 8 6 [1,2,3,4,5,29,28,27,26]þ [6,7,8,24,9,23,22]þ [10,11,12,13,20,19,18]þ [14,15,16,16]t 0.99 0.95
39 12 10 8 [1,2,4,3,6,5,37,36,35,34,33]þ [8,7,9,10,11,30,31,29,28]þ

[12,13,14,16,15,26,25,24,23]þ [17,18,19,20,21,20]t
0.99 0.96

41 14 10 8 [1,2,3,4,5,6,7,39,38,37,36,35,34]þ [8,9,10,11,12,32,31,30,29]þ
[13,14,15,16,17,27,26,25,24]þ [18,19,20,21,22,21]t

0.99 0.97

Table 27. CWBRMDs for v¼ 2miþ 4sþ 4u� 1, p1¼2m, m> 3 integer, p2¼2s, and p3¼2u, u> 1.

V p1 p2 p3 Sets of shifts Er Es

33 10 8 4 [1,2,3,4,5,31,30,29,28]þ [6,7,8,9,26,25,24]þ
[10,11,12,13,22,21,20]þ [14,15,18]þ [16,17]t

0.96 0.96

37 10 8 6 [1,2,3,4,5,35,34,33,32]þ [6,7,8,9,30,29,28]þ
[10,11,12,26,25,13,24]þ [14,15,16,22,21]þ [17,18,19,19]t

0.97 0.96

43 12 10 6 [1,2,4,3,6,5,41,40,39,38,37]þ [7,8,9,10,11,35,34,33,32]þ
[13,12,14,15,16,29,30,28,27]þ [17,18,19,25,24]þ
[20,21,22,22]t

0.97 0.97

47 12 10 8 [1,2,4,3,6,5,45,44,43,42,41]þ [7,8,9,10,11,39,38,37,36]þ
[13,12,14,15,16,34,33,32,31]þ [17,18,19,20,29,28,27]þ
[21,22,23,24,25,24]t

0.98 0.97
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and second carryover effects
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ABSTRACT
Crossover designs balanced in first and second order carryover
effects discussed in literature often require large number of experi-
mental units. In practice experiments demand fewer experimental
units where minimal balanced crossover designs are desirable. In this
paper, a simple method of construction of minimal balanced cross-
over designs through a new form of terrace is presented. A new
form of terrace constructs one series of crossover designs having
less number of periods than the number of treatments and two ser-
ies of crossover designs having more periods than the treatments.
Crossover designs possess good efficiency of separability and opti-
mal for the estimation of treatment effects.
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1. Introduction

A crossover design is an arrangement of experiment in which experimental units are
used repeatedly by exposing them according to a sequence of treatments over a span of
time. Apparently each unit is influenced by the effect of current treatment and carry-
over effects of the previously applied treatments. The main advantage of a crossover
design is that the treatments are compared within experimental units and such studies
allow a more precise comparison of treatments. Some real life applications of the cross-
over designs are discussed by Taka and Armitage (1983) and Matthews (1989).
Literature review of the applications of the three types of crossover designs shows that
each of them has specific applications. The crossover designs with number of periods
less than the treatments are suitable in clinical trials and pharmaceutical studies. The
crossover designs with number of periods equal to the number of treatments so that
each unit receives every treatment once are employed in agriculture and for the sensory
evaluation of food and products. The crossover designs having periods more than the
number of treatments are useful in animal nutrition and educational experiments (e.g.,
Gill 1978).
Crossover designs suitable for estimation of model with first order carryover effects

have been discussed by many authors. However, the experimental studies like Thorough
QT studies (ICH Guidance 2005; Ring et al. 2010, etc.), diet study, asthma study
(Brusasco et al. 2002) etc. in which multi period crossover design is profitably used, it is
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possible that carryover effects do not die unexpectedly after one period as commented
by Jones and Quenouille (1977, 198). Only four authors discussed crossover designs
suitable for such experiments which require balanced crossover design in first and
second carryover. Patterson (1952) gave the conditions for carryover treatment effects
designs balanced for first and second order carryover effects. Sharma (1977) presented a
method of construction of crossover designs with complete balance for first and second
order carryover effects. Collombier and Merchermek (1993) studied optimal crossover
experimental designs for higher order carryover effects. Bose and Mukherjee (2000)
constructed multi period crossover designs suitable for such studies. Their designs are
optimal for estimation of treatment effects under non additive, higher order carryover
model with correlated errors (Bose and Mukherjee 2003) for a specific correlation struc-
ture that, every two observations from a unit are identically correlated. Aggarwal, Deng,
and Jha (2006) constructed balanced carryover treatment effects designs of first and
second order using balanced incomplete block designs (BIBDs), balanced ternary
designs and mutually orthogonal Latin squares (MOLS).
Bailey (1984) defined the term “terrace” and constructed Quasi-complete Latin

squares. Morgan (1988) generalized the idea of terrace to m-terrace and constructed bal-
anced polycross designs. Divecha and Gondaliya (2014) given modified forms of terrace
called complementary pair of terraces and complementary trio of terraces and provided
four series of minimal balanced crossover designs suitable for first order carryover
model. Gondaliya (2019) provided a computer program that meet the practical need of
experimenters/users through variety of terraces and crossover designs for the same class.
The present paper introduces modified form of terrace called terraceðt, g1, g2Þ and pro-
vides a simple method for the construction of three new series of minimal balanced
crossover designs suitable for the optimal estimation of treatment effects. The
terraceðt, g1, g2Þ constructs two series of crossover designs for the case of more number
of periods than the number of treatments while one series of crossover designs for the
case of less number of periods than the number of treatments. All the designs are min-
imal balanced in first and second carryover and possess good efficiency of separability.
Section 2 presents the model and characterization of crossover designs. Construction of
three new series of crossover designs through terraceðt, g1, g2Þ is discussed and illustrated
by examples in Section 3. Newly constructed designs are compared with literature
through efficiency.

2. Characterization and model

2.1. Characterization of crossover design

A crossover design for t treatments in n experimental units repeatedly measured for p
periods is denoted by CODðt, n, pÞ:
Definition 2.1. A CODðt, n, pÞ is said to be balanced with respect to the set of treat-
ment, first and second order carryover effects if (i) in each period, each treatment is
given to k1 units (ii) in two successive periods, each ordered pair of distinct treatments
is given to k2 units, while, each pair of treatments with itself is given to k3 units, and

2 J. GONDALIYA



(iii) in two periods at distance of two position, each ordered pair of distinct treatments
is given to k4 units, where integer k1, k2, k4 are positive and k3 is non negative.
Consequently, a balanced crossover design satisfies the following parametric relations,

n ¼ k1t (1)

nðp� 1Þ ¼ ðk2ðt � 1Þ þ k3Þt (2)

nðp� 2Þ ¼ tðt � 1Þk4 (3)

A minimal balanced crossover design is a design in which the number of experimen-
tal units that receive each treatment in each period (k1) is as small as possible. From
(1), (2) and (3), Definition 2.2 follows.

Definition 2.2. A balanced CODðt, n, pÞ is said to be minimal balanced crossover design
if k1 is the smallest integer such that

ðk1ðp� 1Þ � k3Þ � 0ðmoduloðt � 1ÞÞ (4)

ðk1ðp� 2ÞÞ � 0ðmoduloðt � 1ÞÞ (5)

In addition of the characteristic minimal balanced, a crossover design must be char-
acterized for its ability of separating the treatment effects from first and second order
carryover effects. A measure called efficiency of separability (ES) is calculated on the
basis of observed frequencies of treatment with first and second order carryover and the
expected frequencies from an independent model. Following Hanford (2005), a measure
of ES of treatment from first and second order carryover effects for balanced crossover
designs is calculated by

ES ¼ 1� ðt � 1Þk4ðk3 � k2Þ2 þ k24ðk3 þ ðt � 1Þk2Þ
ðk3 þ ðt � 1Þk2Þðt � 1Þk4ðk1 þ k3 þ ðt � 1Þk2 þ ðt � 1Þk4Þ

( )1
2

2
4

3
5� 100%

(6)

For example, the ES of the CODfAAB,BBAg calculated by substituting k1 ¼ 1, k2 ¼
1, k3 ¼ 1 and k4 ¼ 1 in the Equation (6) is 50%. The low ES indicates unsuitability
while the high ES indicates suitability of crossover design for the estimation of treat-
ment, first and second order carryover effects under model 7.

2.2. Model

The model with an addition of second order carryover effects to the simple carryover
model is known as second order carryover model given by,

yijk ¼ lþ pk þ nij þ sdðk, jÞ þ c1dðk�1, jÞ þ c2dðk�2, jÞ þ �ijk (7)

where, yijk is the observation from sequence i having experimental unit j in period k
in which treatment d(k, j) was given, l is the general mean effect, pk is the effect
due to period k, nij is the effect due to experimental unit j having sequence i, sdðk, jÞ
is the effect of treatment d(k, j) in the period in which it is applied, c1dðk�1, jÞ is the

first order carryover effect of treatment dðk� 1, jÞ in the period k which was applied
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in the period k – 1 to the same unit, c2dðk�1, jÞ is the second order carryover effect

of treatment dðk� 2, jÞ in the period k which was applied in the period k – 2 to
the same unit and the �ijk are independently normally distributed error term with
mean 0 and variance r2: It is obvious that there is no first order carryover effect in
the first period and second order carryover effect in first and second period, that
is, c1dð0, jÞ ¼ c2dð�1, jÞ ¼ c2dð0, jÞ ¼ 0:

The joint information matrix of the treatment effects and first and second order car-
ryover effects for the balanced crossover design d is given by

Cdðs, c1, c2Þ ¼
C11 C12 C13

C21 C22 C23

C31 C32 C33

0
@

1
A

where,

C11 ¼ R� 1
n
L1L

0
1 �

1
p
L2L

0
2 þ

r2

np
J,C12 ¼ M1 � 1

n
L1E

0
1 �

1
p
L2N

0
1 þ

rr1
np

J,

C13 ¼ M2 � 1
n
L1E

0
2 �

1
p
L2N

0
2 þ

rr2
np

J,C22 ¼ R1 � 1
n
E1E

0
1 �

1
p
N1N

0
1 þ

r21
np

J,

C23 ¼ M3 � 1
n
E1E

0
2 �

1
p
N1N

0
2 þ

r1r2
np

J,C33 ¼ R2 � 1
n
E2E

0
2 �

1
p
N2N

0
2 þ

r22
np

J,

C21 ¼ C0
12,C31 ¼ C0

13,C32 ¼ C0
23

Here, R is incidence matrix of observations vs treatments; R1 incidence matrix of
observations vs first order carryover; R2 incidence matrix of observations vs second
order carryover; M1 is the incidence matrix of treatments vs first order carryover; M2

the incidence matrix of treatments vs second order carryover; M3 the incidence matrix
of first order carryover vs second order carryover; L1 the incidence matrix of treatments
vs periods; L2 the incidence matrix of treatments vs units; E1 the incidence matrix of
first order carryover vs periods; E2 the incidence matrix of second order carryover vs
periods; N1 the incidence matrix of first order carryover vs units; N2 the incidence
matrix of second order carryover vs units. Also we have r is the replication of treat-
ment; r1 the replication of first order carryover; r2 the replication of second order carry-
over; J the matrix with all elements unity.

3. Construction of crossover designs

Construction of crossover design balanced in first and second order carryover effects
through only two simple steps is discussed in this section. Define a terraceðt, g1, g2Þ in
form of p� s matrix and add all the numbers 0, 1, :::, t � 1 to it.
Step 1: Define terraceðt, g1, g2Þ
Let X be a p� s matrix for some positive integer s ¼ n

t having numbers from Zt ¼
f0, 1, :::, t � 1g in which repeats and non occurrences of the numbers are accepted dur-
ing arrangement of numbers. Let Xð1Þ and Xð2Þ be the ðp� 1Þ � s and ðp� 2Þ � s matri-
ces respectively contain difference of the numbers in following manner,
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Xð1Þ ¼

x21 � x11 x22 � x12 ::: x2s � x1s
x31 � x21 x32 � x22 ::: x3s � x2s

..

. ..
. ..

. ..
.

xp1 � xðp�1Þ1 xp2 � xðp�1Þ2 ::: xps � xðp�1Þs

0
BBBB@

1
CCCCA modulo t

Xð2Þ ¼

x31 � x11 x32 � x12 ::: x3s � x1s
x41 � x21 x42 � x22 ::: x4s � x2s

..

. ..
. ..

. ..
.

xp1 � xðp�2Þ1 xp2 � xðp�2Þ2 ::: xps � xðp�2Þs

0
BBBB@

1
CCCCAmodulo t

Definition 3.1. A p� s matrix X from Zt is said to be a terraceðt, g1, g2Þ for some posi-

tive integer g1 and non negative integer g2 if Xð1Þ contains each non zero numbers of Zt
exactly g1 times, zero exactly g2 times and Xð2Þ contains each non zero number of Zt
exactly g1 times.
Step 2: Write crossover design by adding all the numbers 0, 1, :::, t � 1

to terraceðt, g1, g2Þ
A p� n matrix where n ¼ ts is obtained by adding all the numbers of Zt to each ele-

ments of X modulo t in following way produces the specified crossover design.

x11 þ 0 x12 þ 0 � � � x1s þ 0 � � � x11 þ ðt � 1Þ x12 þ ðt � 1Þ � � � x1s þ ðt � 1Þ
x21 þ 0 x22 þ 0 � � � x2s þ 0 � � � x21 þ ðt � 1Þ x22 þ ðt � 1Þ � � � x2s þ ðt � 1Þ

..

. ..
. ..

. ..
. ..

. ..
. ..

. ..
. ..

.

xp1 þ 0 xp2 þ 0 � � � xps þ 0 � � � xp1 þ ðt � 1Þ xp2 þ ðt � 1Þ � � � xps þ ðt � 1Þ

0
BBB@

1
CCCAmodulo t

Here, rows of the matrix are periods and columns are experimental units. From the
definition of terraceðt, g1, g2Þ, it is clear that k3 ¼ g2 because occurrence of same num-

ber in two successive positions in same column of X contribute zero in Xð1Þ: Now, from

the Equations (1)–(3), k1 ¼ n
t , k2 ¼ nðp�1Þ�g2t

tðt�1Þ and k4 ¼ nðp�2Þ
tðt�1Þ :

Case 3.1. For s¼ 2, p ¼ tþ3
2 for odd t ð> 3Þ, g1 ¼ 1 and g2 ¼ 2, a terraceðt, 1, 2Þ in p� 2

matrix produces a series of minimal balanced COD t, 2t, tþ3
2

� �
by adding all the numbers

of Zt to each elements of X reduced modulo t.
Here, k3 ¼ g2 ¼ 2 and hence from the Equations (1)–(3), k1 ¼ 2, k2 ¼ 1 and k4 ¼ 1:

Now, substituting k1 ¼ 1 in Equation (4), ðk1ðp� 1Þ � k3Þ ¼ t�3
2 , which is not divisible

by t – 1. However, substituting k1 ¼ 2 in Equations (4) and (5) respectively, ðk1ðp�
1Þ � k3Þ ¼ t � 1 and k1ðp� 2Þ ¼ t � 1, which is divisible by t – 1. Hence,
COD t, 2t, tþ3

2

� �
is minimal balanced, because, k1 ¼ 2 is the smallest integer which satis-

fies both the conditions of minimal balanced. Let lij be occurrence of the number i in
column j of matrix Xp�s; nij occurrence of the number i in column j of matrix Xðp�2Þ�s,
then, following theorem must hold.

Theorem 3.1. If terraceðt, 1, 2Þ have minimum value of
Pt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij

among all possible terraceðt, 1, 2Þ, then design d� with
Pt�1

i¼0

Ps
j¼1 l

2
ij ¼ t þ 7 and
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Pt�1
i¼0

Ps
j¼1 n

2
ij ¼ t � 1 from terraceðt, 1, 2Þ is universal optimal for treatment effects

over COD t, 2t, tþ3
2

� �
:

Proof 3.1. After considerable algebra using properties of matrices, it may be shown that
under model 7, for any balanced crossover design d in COD t, 2t, tþ3

2

� �
, the coefficient

matrix Cd of the reduced normal equations for s is given by

Cd ¼ C11 � C12 C13½ �
�
C22 C23

C32 C33

���C21

C31

�

¼
 rp�

Xt�1

i¼0

Xs

j¼1
l2ij þ p

p
I þ r2 � np� k21p

2

np
J

!
�
 
� k4I þ rr2 þ k4np� k21pðp� 2Þ � np

np
J

!
 

p

r2p�
Xt�1

i¼0

Xs

j¼1
n2ij

I þ �rpðr22 � k21pðp� 2ÞÞ
nðr2p�

Xt�1

i¼0

Xs

j¼1
n2ijÞðpr22 � k21p

2ðp� 2Þ þ rr2p� r
Xt�1

i¼0

Xs

j¼1
n2ijÞ

J

!

 
� k4I þ rr2 þ k4np� k21pðp� 2Þ � np

np
J

!

¼
 rp�

Xt�1

i¼0

Xs

j¼1
l2ij þ p

p
� p

r2p�
Xt�1

i¼0

Xs

j¼1
n2ij

!
Iþ

 
r2 � np� k21p

2

np
þ rpðr22 � k21pðp� 2ÞÞ
nðr2p�

Xt�1

i¼0

Xs

j¼1
n2ijÞðpr22 � k21p

2ðp� 2Þ þ rr2p� r
Xt�1

i¼0

Xs

j¼1
n2ijÞ

!
J

Hence, Cd is completely symmetric. Now, the trace of Cd is maximum if and only if

the
Pt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij are minimum. Minimization of

Pt�1
i¼0

Ps
j¼1 l

2
ij andPt�1

i¼0

Ps
j¼1 n

2
ij subject to

Pt�1
i¼0

Ps
j¼1 lij ¼ 2p and

Pt�1
i¼0

Ps
j¼1 nij ¼ 2ðp� 2Þ respectively

leads to,

trCd ¼ t

 rp�
Xt�1

i¼0

Xs

j¼1
l2ij þ p

p
� p

r2p�
Xt�1

i¼0

Xs

j¼1
n2ij

!

þt

 
r2 � np� k21p

2

np
þ rpðr22 � k21pðp� 2ÞÞ
nðr2p�

Xt�1

i¼0

Xs

j¼1
n2ijÞðpr22 � k21p

2ðp� 2Þ þ rr2p� r
Xt�1

i¼0

Xs

j¼1
n2ijÞ

!

� tðrp� p� 4Þ
p

� tp
r2p� 2pþ 4

þ tðr2 � np� 4p2Þ
np

þ trpðr22 � 4pðp� 2ÞÞ
nðr2p� 2pþ 4Þðpr22 � 4p2ðp� 2Þ þ rr2p� 2rpþ 4rÞ

¼ trCd�

Hence, d� satisfies the sufficient conditions for universal optimality as given by Kiefer
(1975) and the theorem is proved.

Example 3.1. For t¼ 5 in the series COD t, 2t, tþ3
2

� �
, arranging eight numbers from the

group Z5 ¼ f0, 1, 2, 3, 4g in 4� 2 matrix as,
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X ¼
0 1
4 2
1 0
1 0

0
BB@

1
CCA

gives terrace(1, 2, 5) because Xð1Þ contains each non zero numbers of Z5 exactly one
time, zero exactly two times and Xð2Þ contains each non zero number of Z5 exactly one
time as shown below.

Xð1Þ ¼
4 1
2 3
0 0

0
@

1
A and Xð2Þ ¼ 1 4

2 3

� �
:

Note that, 1 � �4 (modulo 5), 2 � �3 (modulo 5), 3 � �2 (modulo 5) and 4 � �1
(modulo 5). Adding each number 0, 1, 2, 3 and 4 of Z5 to the matrix X reduced mod-
ulo 5 constructs the minimal balanced CODð5, 10, 4Þ given by

Note that, k1 ¼ 2, k2 ¼ 1, k3 ¼ 2, k4 ¼ 1 and ES ¼ 81%. Also, ðPt�1
i¼0 l

2
i1 þ

Pt�1
i¼0 l

2
i2Þ ¼

12 and ðPt�1
i¼0 n

2
i1 þ

Pt�1
i¼0 n

2
i2Þ ¼ 4, hence design is optimal.

Example 3.2. For t¼ 7 in the series COD t, 2t, tþ3
2

� �
, arranging ten numbers from the

group Z7 ¼ f0, 1, 2, 3, 4, 5, 6g in 5� 2 matrix X gives terrace(1, 2, 7) because Xð1Þ con-
tains each non zero numbers of Z7 exactly one time, zero exactly two times and Xð2Þ

contains each non zero number of Z7 exactly one time as shown below.

X ¼

0 0
1 6
4 3
2 5
2 5

0
BBBB@

1
CCCCAXð1Þ ¼

1 6
3 4
5 2
0 0

0
BB@

1
CCA and Xð2Þ ¼

4 3
1 6
5 2

0
@

1
A:

Adding each number of Z7 to the matrix X reduced modulo 7 constructs the minimal
balanced CODð7, 14, 5Þ given by
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Note that, k1 ¼ 2, k2 ¼ 1, k3 ¼ 2, k4 ¼ 1 and ES ¼ 86%. Also, ðPt�1
i¼0 l

2
i1 þ

Pt�1
i¼0 l

2
i2Þ ¼

14 and ðPt�1
i¼0 n

2
i1 þ

Pt�1
i¼0 n

2
i2Þ ¼ 6, hence design is optimal.

Case 3.2. For s¼ 1, p ¼ t þ 1, g1 ¼ 1 and g2 ¼ 1, a terraceðt, 1, 1Þ in p� 1 matrix pro-
duces a series of minimal balanced CODðt, t, t þ 1Þ by adding all the numbers of Zt to
each elements of X reduced modulo t.
Here, k3 ¼ g2 ¼ 1 and hence from the Equations (1)–(3), k1 ¼ 1, k2 ¼ 1 and k4 ¼ 1:

Now, substituting k1 ¼ 1 in Equations (4) and (5) respectively, ðk1ðp� 1Þ � k3Þ ¼ t � 1
and k1ðp� 2Þ ¼ t � 1, which is divisible by t – 1. Hence, CODðt, t, t þ 1Þ is minimal
balanced, because, k1 ¼ 1 is the smallest integer which satisfies both the conditions of
minimal balanced.

Theorem 3.2 . If terraceðt, 1, 1Þ have minimum value of
Pt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij

among all possible terraceðt, 1, 1Þ, then design d� with
Pt�1

i¼0

Ps
j¼1 l

2
ij ¼ t þ 7 for odd t,Pt�1

i¼0

Ps
j¼1 l

2
ij ¼ t þ 5 for even t and

Pt�1
i¼0

Ps
j¼1 n

2
ij ¼ t þ 1 from terraceðt, 1, 1Þ is univer-

sal optimal for treatment effects over CODðt, t, t þ 1Þ:

Proof 3.2. Under model 7, for any balanced crossover design d in CODðt, t, t þ 1Þ, the
coefficient matrix Cd of the reduced normal equations for s is same as shown in
Theorem 3.1. Hence, Cd is completely symmetric. Now, the trace of Cd is maximum if

and only if the
Pt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij are minimum. Minimization ofPt�1

i¼0

Ps
j¼1 l

2
ij and

Pt�1
i¼0

Ps
j¼1 n

2
ij subject to

Pt�1
i¼0

Ps
j¼1 lij ¼ t þ 1 and

Pt�1
i¼0

Ps
j¼1 nij ¼

t � 1 respectively leads to,
for odd t,

trCd � t
rp� ðt þ 7Þ þ p

p
� p
r2p� ðt þ 1Þ

� �

þt
r2 � np� p2

np
þ rpðr22 � pðp� 2ÞÞ
nðr2p� ðt þ 1ÞÞðpr22 � p2ðp� 2Þ þ rr2p� rðt þ 1Þ

 !

¼ trCd�

for even t,

trCd � t
rp� ðt þ 5Þ þ p

p
� p
r2p� ðt þ 1Þ

� �
þ

t
r2 � np� p2

np
þ rpðr22 � pðp� 2ÞÞ
nðr2p� ðt þ 1ÞÞðpr22 � p2ðp� 2Þ þ rr2p� rðt þ 1Þ

 !

¼ trCd�

Hence, d� satisfies the sufficient conditions for universal optimality as given by Kiefer
(1975) and the theorem is proved.

Example 3.3. For t¼ 6 in the series CODðt, t, t þ 1Þ, arranging seven numbers from the
group Z6 ¼ f0, 1, 2, 3, 4, 5g in 7� 1 matrix X ¼ ð0 1 5 5 2 1 3Þ0 gives terrace(1, 6) because
Xð1Þ contains each non zero numbers of Z6 exactly one time, zero exactly one time and Xð2Þ
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Jemds.com Original Research Article 

 
J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 8/ Issue 52/ Dec. 30, 2019                                                                            Page 4016 
 
 
 

 

 
 
 
 

 

A Study of Optimum Timing of Laparoscopic Cholecystectomy in Patients 
Presenting with Acute Cholecystitis 

 

Hiren P. Vaidya1, Abhishek M. Shah.2, Aditya H. Vaidya3, Hemali M. Shah4 
 

1Department of General Surgery, Surat Municipal Institute of Medical Education and Research, Surat, Gujarat, India. 
2Department of General Surgery, Surat Municipal Institute of Medical Education and Research, Surat, Gujarat, India. 

3KEM Hospital and Seth Gordhandas Sunderdas Medical College, Mumbai, Maharashtra, India. 4Department of 

Statistics, Gujarat Commerce College and Research, Surat, Gujarat, India. 
 

 
 

ABS TRACT  
 

BACKGROUND 

Laparoscopic cholecystectomy is difficult in acute cholecystitis because the gall 

bladder is usually thick walled and tensely distended. If the inflammation of the gall 

bladder extends to the porta hepatis the dissection becomes difficult. The normally 

thin minimally adherent tissue that invest the cystic duct and artery is markedly 

thickened and oedematous and may not readily separate from these structures with 

the usual blunt dissection technique. The duct wall also may be oedematous, thus 

making its external diameter similar to gall bladder neck and common bile duct. 

Moreover, operative difficulty substantially increases with time. It is believed that 

laparoscopic cholecystectomy in acute cholecystitis is having more operative time, 

more conversion rate and more chance of injury. 

 

METHODS 

We did an observational study to determine the safety, benefits and drawbacks of 

laparoscopic cholecystectomy within 72 hours of symptoms (and beyond that). 

 

RESULTS 

Total 325 patients underwent laparoscopic cholecystectomy in acute cholecystitis. 

Among them 110 patients were operated within 72 hours of appearance of symptoms 

while 215 patients were operated upon after 72 hours of appearance of symptoms. 

The mean duration of surgery was significantly (p< 0.001) less in early surgery group. 

There was no conversion. There was no serious intra operative complication (injury) 

in early group. There was no statistically significant post-operative complication in 

either group. Post-operative stay was significantly less (p<0.004) in early 

laparoscopic cholecystectomy group. Period of return to work was also significantly 

less (p<0.001) in early group. 

 

CONCLUSIONS 

Early (within 72 hours of appearance of symptoms) laparoscopic cholecystectomy 

can be safely advocated in patients of acute cholecystitis. It does not result in 

increased conversion rate or increased intra operative complication. Moreover it 

offers benefits shorter post-operative hospital stay and early return to work than 

laparoscopic cholecystectomy after 72 hours of appearance of symptoms. 
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BACK GRO UND  
 

 

 

The advent of laparoscopic cholecystectomy has been a 

significant milestone not only in the treatment of gallstone 

disease, but also in the evolution of surgical treatment by 

minimal access. Anecdotal reports of laparoscopic procedure 

related death and bile duct related injury necessitate viewing 

laparoscopic cholecystectomy with cautious enthusiasm.(1) 

With growing experience overcoming the learning curve, 

selection criteria for this surgery has become more liberal. 

Most of previous contraindications such as morbid obesity, 

previous upper abdominal surgery and acute cholecystitis are 

no longer absolute contraindications. Studies involving open 

cholecystectomy have suggested that performing surgery 

within the first 3 days of onset of symptoms reduced the length 

of hospital stay and recovery time without increasing 

complications.(2) The appropriate timing for cholecystectomy 

in the treatment of acute cholecystitis still remains 

controversial. Reports suggested that early laparoscopic 

surgery for acute cholecystitis was associated with increased 

complication rates, prolonged operation times and increased 

conversion rates.(3) As a consequence, initial conservative 

management with subsequent elective laparoscopic 

cholecystectomy became the accepted practice.(4) Delayed 

cholecystectomy potentially increases the chances of further 

gallstone related complications and thus farther hospital 

admission.(5) 

How early cholecystectomy is 'early' is not clear in the 

literature, as this parameter has not been effectively tested in 

controlled randomized trials. Optimal timing of laparoscopic 

cholecystectomy for acute cholecystitis still remains under 

debate.(6) The aim of this study is to evaluate the results of 

laparoscopic cholecystectomy for acute cholecystitis when 

laparoscopy is carried out early (within 72 hours from the 

onset of the symptoms) and late (after 72 hours from the onset 

of the symptoms). The objective of this study is to determine 

optimal timing of surgery with regard to patient safety in cases 

of acute cholecystitis. 

The degree of operative difficulty increases substantially 

over time in acute cholecystitis and surgeons have typically 

used 72 hours as an arbitrary cut off in degree of difficulty of 

dissection. Generally, in the first 48 to 72 hours of symptoms 

the tissue planes are oedematous, but structures are 

identifiable, and the tissue planes separate without much 

difficulty. After 72 hours, the tissues become more friable and 

separate less well, the important structures are less likely to 

be seen well and there is often more obscure bleeding. For 

these reasons it is important to consider operating early in 

acute cholecystitis. Often patients present late after many days 

of symptoms or the gallbladder appears extremely 

oedematous and thick walled on ultrasound. Generally, all of 

these patients should be considered for laparoscopic 

cholecystectomy unless they are extremely ill or significant 

comorbidities exist. If the patient goes to the operating room, 

an attempt at exposure of the Calot's triangle and a trial 

dissection should be undertaken. If it is determined that safe 

laparoscopic cholecystectomy cannot be performed, two 

potential options exist: 1. Conversion to open surgery or 2. 

Cholecystostomy tube placement. An open operation might 

not offer much additional benefit to a very experienced 

laparoscopic surgeon and many recently trained surgeons  

today do not have a great deal of experience performing open 

cholecystectomy, so that conversion may not be that beneficial 

to the surgeon or the patient. 

 

 
 

ME TH OD S  
 

 

The study was conducted at department of surgery, SMIMER 

hospital from September 2013 to December 2015 on patients 

presented and hospitalised with acute cholecystitis, of all age 

groups and gender. Thus, patients taken under this study are 

based on consecutive sampling and purposive sampling (With 

purpose of patients having acute cholecystitis). Diagnosis of 

acute cholecystitis was established on following parameters: 

1) clinical presentation which included; a) pain in abdomen. b) 

Tenderness in right hypochondrium. c) Contraction of the 

abdominal wall in right upper quadrant. d) With or without 

fever. e) With or without nausea and vomiting. 2) Contributory 

laboratory findings. 3) Abdominal ultrasonographic 

confirmation of the diagnosis by presence of gallstones, 

gallbladder wall oedema, pericholecystic fluid collection. 4) 

Intra-operative findings 5) histopathologic examination. All 

cases undergone laparoscopic cholecystectomy, were studied 

under two categories: Group A: laparoscopic cholecystectomy 

performed within 72 hours of onset of symptoms of acute 

cholecystitis. Group B: laparoscopic cholecystectomy 

performed after 72 hours of onset of symptoms of acute 

cholecystitis. The following parameters were analysed: 1) 

demographic information, laboratory tests and 

ultrasonographic features. 2) Duration of surgery. 3) Duration 

of postoperative hospital stay. 4) Incidence of major biliary 

injury and injury to other organs. 5) Conversion of 

laparoscopic surgery to open surgery. 

Laparoscopic cholecystectomy was performed using 

standard technique under general anaesthesia. It is an 

observational study with consecutive and purposive sampling. 

All patients registered from September 2013 to December 

2015 who were hospitalised with acute cholecystitis, of all age 

groups and gender are considered as sample of study. So, the 

sample size is 325 patients. Amongst them 110 patients were 

operated within 72 hours of diagnosis and 215 patients were 

operated after 72 hours of diagnosis. So, study is based on two 

non-randomized groups. (Group A: 110 patients, group B: 215 

patients). 

 

Statistical Analysis 

Descriptive and Inferential statistics have been carried out in 

the study. Using descriptive statistics, results on quantitative 

data are presented in mean (+/-) standard deviation and 

results on qualitative data are presented in percentage (%). 

Using inferential Statistics, significance is assessed at 95% 

level of significance. Student t test (two tailed, independent) 

has been used to find the significance of study parameters on 

continuous scale between two groups on metric 

parameters. Chi-square test, Fisher exact test and Yate's 

correction has been used to find the significance of study 

parameters on categorical scale between two groups. Data 

analysis is done using open EPI software. Microsoft Word and 

Microsoft Excel used to generate graphs, tables etc. 
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RES ULT S  
 

 

 

33.84% patients were operated upon within 72 hours of onset 

of symptoms and included in group A. 66.16% patients were 

operated upon after 72 hours of onset of symptoms and 

included in group B. Mean age (Mean±SD) for group A is 

37.94±12.82 years and for group B it is 40.13±13.92 

years. Group A included 18.19% males and 81.81% females; 

Group B included 24.65% males and 75.35% females. Most 

common presenting complaint was pain in abdomen which 

was seen in all patients. 46.36% of patients in group A and 

43.25% of patients in group B were febrile at the time of 

presentation. One third of the patients (35.6%) presented 

within 24 hours of onset of complaints. Eleven percent of 

patients were found to have raised temperature (>100°F). 

Only 2.5% of patients had pulse rate more than 100 per 

minute. All patients presented with tenderness in right 

hypochondrium. Guarding was present in 71.81% of group A 

and 78.60% of patients of group B. Lump was palpable in 

12.30% cases (13.63% in group A and 11.62% in group B). 

Total WBC count between 11000-15000/cmm was noted 

in 45.45% of patients in group A and 55.34% of patients in 

group B. Total 18 (5.54%) patients had serum bilirubin levels 

more than 2 mg/dl (2.73% patients in group A and 6.98% in 

group B). Serum AST, serum ALT and serum ALP levels were 

found to be elevated only in 13.3%, 17.5% and 11.4 % patients 

respectively (In 11.82%, 16.37% and 8.19% patients 

respectively in group A, while in 13.96%, 18.14% and 13.03% 

respectively in group B). Majority of patients (72%) had 

multiple gallbladder calculi (71.81% in group A and 72.09% in 

group B) while pericholecystic fluid was present in 1.5% of 

cases (0.9% in group A and 1.86% in group B). Wall thickening 

was present in 72% of patients (58.18% in group A and 

79.06% in group B). Common bile duct was normal in 98.5% 

of patients (99.09% in group A and 98.14% in group B). 
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N 110 215 WBC (11000-15000/cmm) (in %) 45.45 55.34 

Percentage 34.92 68.25 Serum bilirubin levels (>2 mg/dl) (in %) 2.73 6.98 

Mean 37.94 40.13 Serum AST (in %) 11.82 13.96 
S.D. 12.82 13.92 Serum ALT (in %) 16.37 18.14 

Male (%) 18.19 24.65 Serum ALP (in %) 8.19 13.03 

Female (%) 81.81 75.35 Multiple gallbladder calculi (in %) 71.81 72.09 
Febrile at the time  

of presentation (%) 
46.36 43.25 Presence of pericholecystic fluid (in %) 0.9 1.86 

Guarding (%) 71.81 78.6 Wall thickening (in %) 58.18 79.06 

Lump 13.63 11.62 Normal Common bile duct (in %) 99.09 98.14 

Mean Duration of 
Surgery 

75.55 94.16 
Standard Deviation of Duration of 

Surgery 
10.47 13.47 

Table 1. Descriptive Analysis (Pre Operation) 

 
 N Mean S.D. t-test p- Value Conclusion 

Group A 110 75.55 10.47 - 
12.281 

 
0.000 

Mean duration of surgery of 
group A is significantly 

 less than group B. 
Group B 215 94.16 13.47 

Table 2. Comparison of Mean Duration of Surgery Using                   
Independent t Test 

 

No patient in group A needed to be converted from 

laparoscopic to open procedure. In group B, laparoscopic 

surgery had to be converted in open surgery in 3 patients, due 

to intra-operative bleeding in 1 patient, due to difficult 

anatomy in 1 patient and due to adhesions in 1 

patient. Duration of surgery was 75.55 +/- 10.87 minutes in 

group A, while it was 94.16 +/- 13.87 minutes in group B. The 

P value is less than 0.001. It shows that mean duration of 

surgery in patients operated under group A was significantly 

less than those operated under group B. 

Most patients (95.38 %) had oedematous gallbladder 

(96.36% in group A and 95.38% in group B). Adhesions were 

present in 90.70% cases (90% in group A and 90.47% in group 

B) while cystic duct was normal in 96.92% cases (98.19% in 

group A and 96.28% in group B). Intraoperative bleeding was 

noted in 1.81% of cases in group A and 7.44% of cases in group 

B. Gallbladder perforation was noted in 1.81 % patients in 

group A and 7.44% patients in group B. Gallbladder aspiration 

was done in 2 cases. Bile duct injury occurred in 2 cases of 

group B. Stone spillage occurred in 0.9% of cases in group A 

and 4.18 % of cases in group B. 
 

 Group A Group B p 
Total 

Patients 
% of 
Total 

 No. % No. %    
Bile Leak - Yes - - 1 00.46 1 1 00.40 
Bile Leak- No 110 100 214 99.54  324 99.60 

Icterus - Yes - - 3 01.39 0.5763 3 00.92 

Icterus - No 110 100 212 98.61  322 90.08 
Uncontrolled BP - - 3 01.39 0.5763 3 00.92 

Uncontrolled Sugar 1 0.90 4 01.86 0.8547 5 01.53 

Wound infection 1 0.90 9 4.18 0.2011 10 03.08 

Table 3. Post-Operative Complications 

 

 N Mean S.D. t-test p Conclusion 

Group A 110 4.46 3.73 

2.884 0.004 

Mean duration of 
postoperative stay of group A 

is significantly less than 
group B. 

Group B 215 5.92 5.26 

Table 4: Comparison of Mean Duration of Postoperative Stay Using 
Independent T Test 

 

Bile leak found postoperatively in one patient of group 

B. Icterus observed in 3 cases of group B. Surgical site infection 

occurred in 0.9% cases in group A and 3.08% of group B 

cases. P value is > 0.05 for all parameters including bile leak, 

icterus, uncontrolled blood pressure, uncontrolled blood sugar 

and wound infection. It means there is no statistically 

significant difference in occurrence of postoperative 

complications between group A and group B. 

Most of the patients (50.15 %) were discharged within 3 

days after surgery (60% in group A and 45.16 % in group B) 

while 24.92 % patients were discharged between 4 to 7 days 

after surgery. 55.15% of patients (60 % from group A and 

45.16 % from group B) were discharged within 3 days of 

surgery. 20.9 % of patients from group A and 26.97 % of 

patients from group B (Total 24.92 %) were discharged within 

4-7 days. 19.08% (17.27% from group A and 20% from group 

B) of patients were discharged in second week. Total of 19 

(5.85%) patients (2 in group A and 17 in group B) were 

discharged after 2 weeks. Three of them had uncontrolled 

hypertension, four had uncontrolled sugar and nine of them 

had surgical site infection. Mean post-operative stay is 4.46 +/- 

3.73 days in group A and 5.92 +/- 5.26 days in group B. The P 

value is p< 0.004. It shows that mean duration of postoperative 

stay in group A was significantly less than that in group 

B. Return to work was calculated from the day of surgery. 

97.27% of patients in group A while 69.76% of patients in 

group B returned to work in first week of surgery. Of 

remaining patients of group B, 25.58 % returned to work in 

second week and 4.64 % in third week of surgery. P value is 
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p<0.001. It shows that period for return to work is significantly 

less for patients in group A than for those in group B. About 

two third of the patients, 217 patients (66.80%) were found to 

have acute on chronic cholecystitis on histopathology report 

(91.81 % in group A and 53.95% in group B). 

 

 
 

 

DI SCU S SI ON  
 

 

Several authors have reported performing laparoscopic 

cholecystectomy in the face of acute inflammation with 

success but with a higher conversion rate than for elective 

laparoscopic cholecystectomy.(7,8,9,10) Lo et al in their 

prospective study reported that despite longer operative 

times and postoperative stays for early laparoscopic 

cholecystectomy (treatment within 5 days) versus delayed 

laparoscopic cholecystectomy (initial conservative treatment 

followed by laparoscopic cholecystectomy 3 to 4 months 

later), the advantage of early laparoscopic cholecystectomy 

was the reduction in the total hospital stay, from 15 to 7 

days.(11) Another prospective study of 105 patients 

randomized to early laparoscopic cholecystectomy (within 24 

hours of diagnosis of acute cholecystitis) versus delayed 

laparoscopic cholecystectomy (6 to 8 weeks later), reported 

no significant difference in conversion rate (Early 21% vs. 

delayed 24%), postoperative analgesic requirement or 

number of postoperative complications. The early group did 

have a longer operative time (123 min vs 107 min, p = 0.04); 

but total hospitalization was shorter (8 days v/s 12 days; p = 

0.001).(12) 

Rattner et al attempted laparoscopic cholecystectomy for 

acute cholecystitis and examined factors that were predictive 

of a successful procedure.(13) Seven of the 20 patients (35%) 

required conversion to open cholecystectomy. The interval 

from admission to cholecystectomy in the successful cases was 

0.6 days versus 5 days in the cases requiring conversion to 

open cholecystectomy. Chahin et al examined the relationship 

between the success rates for laparoscopic surgery and the 

time from onset of acute cholecystitis symptoms to surgery. 

The success rate has dropped significantly after the first 4 

days.(14) These results have been confirmed in more recent 

studies. In the study by Shamim disturbed anatomy at Calot's 

triangle accounted for more than one half of conversions 

(54.32%); The reasons of obscured anatomy were acute 

inflammation (52.27%), chronic cholecystitis (36.36%) and 

aberrant anatomy (11.36%).(10) In 6.17% patients, dense 

adhesions were found between gallbladder and bowel. (3 with 

the stomach and 2 with the transverse colon). They were 

difficult to separate laparoscopically, so conversion to open 

surgery was made. With increasing laparoscopic experience, 

an inverse trend in conversion rates is seen. 
 
 

 

 

CONC LU S ION S  
 

 

 

Cholecystectomy for acute cholecystitis can be safely 

advocated in patients presenting within 72 hours of onset 

symptoms. This does not result in increased major 

complication rates and conversion rates. Early laparoscopic 

cholecystectomy is not associated with more conversion to 

open procedures. Decreased conversion rates result in shorter 

post-operative hospital stay. Early cholecystectomy is 

beneficial as patients tend to return to work earlier. 
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CORPORATE GOVERNANCE DISCLOSURE PRACTICES AND ITS IMPACT ON 
FINANCIAL PERFORMANCE: A CASE STUDY ON PHARMA SECTOR IN INDIA 

 

ABSTRACT: 
 India is a strong emerging force on the global map. Corporate Governance is an integral 

pmart of the broader governance of the country. The CG Disclosure is important because reporting is 
widely viewed as the most effective tool to encourage better Corporate Governance Practices. India 
enjoys an important position in the global pharmaceuticals sector.This study is basically an analytical in 
nature.Period of the Study is 2012-13 to 2016-17. Ten Companies belonging to pharma sector are 
considered for the study. In present study usingPanel data regression analysis,appropriate model is fitted 
for Tobin’s Q, MVBV and Market Capitalisation using CG Score as an independent variable and ROA, ROE, 
D/ERatio, DPR, Sales Growth, NPM, NAV and Firm Size as controlled variables. It is concluded that CG 
score has positive impact on firm performance. 

 
Key words: Corporate Governance, Tobin’s Q, Market Capitalisation, MV/BV Ratio, D/ E Ratio, 
Disclosure Score 
 

INTRODUCTION: 

India is a strong emerging force on the global map. The growth is enabled by the development 
of public and private sector enterprises across all the sectors of economy. The regulatory and legal 
framework of the governance is the way for the India to become a global leader. Corporate 
Governance is an integral part of the broader governance of the country. 

 

Corporate Governance is the set of processes, customs, policies, laws and institutions affecting 
the way a corporation is directed, administered and controlled. The Prime objective of corporate 
governance is to contribute in the growth and development of organization by healthy practices and 
self sustainance in a competitive business environment, resolving conflicts and infusing confidence in 
the minds of shareholders and stakeholders. As good governance is the demand of the Information 
efficient market, corporate governance practices need a remarkable improvement in India. The CG 
Disclosure is important because reporting is widely viewed as the most effective tool to encourage 
better Corporate Governance Practices.  

 

Grounds for Selecting Pharmaceutical Sector 
India is the largest provider of generic drugs globally. Indian pharmaceutical industry supplies 

over 50% of global demand for various vaccines, 40% of generic demand in the US and 25% of all 
medicine in UK. India enjoys an important position in the global pharmaceuticals sector. The India’s 
pharmaceutical industry is expected to expand at a CAGR of 22.4% over 2015–2020 to reach US$ 55 
billion. By 2020, India is likely to be among the top three pharmaceutical markets by incremental 
growth and 6th largest market globally in absolute size.Because of such explosive opportunities, the 
pharmaceutical market is alluring for a deeper study; hence selected for the study. 

 

REVIEW OF LITERATURE: 

Gugler, Mueller, & Yurtoglu (2003) attempted to shed a light on three conundrums of 
investment literature. They concluded that managers in countries of strong corporate governance 
preferred to rely on internal cash flow whereas managers in weak corporate governance countries 
were free to use the equity market as a source of finance. Moreover, managers with very attractive 
investment opportunities would favor equity over debt. It was also observed that weak corporate 
governance practices in developing countries provided less check on managers who wished to issue 



KCG- Portal of Journal 

2 | P a g e  
 

equity to finance low return investments. They also conferred that weak corporate governance system 
led to slow economic growth and vice versa. Stronger accounting standards and better enforcement 
had a significant impact on firm performance so it had been suggested as a modest reform. 

Inessa (2011) has tried to establish relationship between corporate governance and firm performance 
as measured by valuation ratio, operating performance or stock return. Most of the research till date 
suggested a positive correlation between CG score and firm performance. However, it suffered from 
endogeneity problems and that was difficult to resolve. The emerging conclusion indicated that 
corporate governance was likely to develop endogenously which depended on firm specific 
characteristic. 

Vinitila & Stefan (2012)examined therelationship between corporate governance ratings and firm 
performance using the cross-sectional multiple linear regression model for 155 US companies listed 
on New York Stock Exchange.  Negative relationship had been shown between corporate governance 
global rating and firm performance as well as between corporate governance sub-indices and firm 
performance.  Hence, it was suggested that investors and shareholders should not rely entirely on 
commercial corporate governance ratings to make investment decisions. 

Mittal & Zaidi  (2015)have conducted study on 16 major industries covered under NSE CNX 100. It 
was concluded that healthcare, chemical, pesticides and fertilizers industries have built a strong 
relation with the shareholders by adopting maximum disclosure requirements whereas media and 
advertising companies have adopted only mandatory norms and were silent on voluntary norms. As a 
result, SEBI has made best standards on Corporate Governance practices for non-mandatory norms 
also. 

Varshney, Kaul, & Vasal (2015) have used Economic Value Added as a value based performance 
measure as the primary metrics to measure the firm performance. To evaluate the linkage between 
corporate governance and firm performance, along with Economic Value Added other financial 
parameters used were Return on Net Worth, Return on Capital Employed and Tobin's Q.  Sample size 
is CNX Nifty (Nifty) and CNX Nifty Junior (Nifty Junior) consisting 50 stocks(June 2011) have been 
considered. The analysis stated significantly positive correlation between the corporate governance 
index and Economic Value Added. Thus it was concluded that positive relationship existed between 
corporate governance and firm performance when Economic Value Added was considered as 
dependent variable. The relationship could not be validated for the traditional performance tools like 
return on net worth, return on capital employed and Tobin's Q. 

RESEARCH METHODOLOGY: 

This study is basically an analytical in nature to examine the Corporate Governance Disclosure 
Practices followed by the selected companies. The researcher has relied on the Corporate Governance 
Report for nonfinancial parameters and Annual reports of companies for financial parameters to 
critically analyse the performance of the selected listed companies. Period of the Study is 2012-13 to 
2016-17. Ten Companies belonging to pharma sectorconsidered for the study are enumerated as 
under: 

Table   No. 1 :   Selected Pharmaceutical Companies 

Sr. No. Name of Pharmaceutical Company 

1 AurobindoPharma Ltd. 

2 Biocon Ltd. 

3 Cadila Healthcare Ltd. 

4 Cipla Ltd. 

5 Divis Laboratories Ltd. 

6 DrReddys Laboratories Ltd. 

7 Glen Mark Pharmaceuticals Ltd. 

8 Lupin Ltd. 

9 Sun Pharmaceutical Industries Ltd. 
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10 Torrent Pharmaceutical Ltd. 
 

It is attempted to evaluate the whole mechanism of the corporate governance adopted by 
considered companies in pharma sector. The Disclosure score is calculated by assigning a weight to 
each of the parameter. Companies are scored out of 100 for their corporate governance practices and 
disclosures. Financial parameters apart from nonfinancial parameters used are Return on Assets, 
Return on Equity, Debt Equity Ratio,Dividend Payout Ratio,Market Value to Book Value Ratio, Tobin’s 
Q, Sales Growth, Net profit Margin, Net Assets Value and Market Capitalisation. 
Tools and Techniques used:  

For the purpose of analysis of data, the Statistical techniques used wereShapiro Wilk Test and 
Panel Data Regression Analysis. Statistical tools like SPSS 21(trialversion) and EViews 10 Student 
Version Lite were used. 
Correlation Analysis of CG Score with Parameters of Financial Performance: 
In the present study it is examined whether Corporate Governance Score and other financial variable 
significantly affect   MV/BV Ratio,  Tobin’s Qas well as 
 
Market Capitalisation or not. 
To verify the assumption of normality, Shaphiro Wilk test statistic is applied as data is less than 100 

Table  No. 2 : Test of Normality 
Shapiro-Wilk Test 
 Statistic Df Sig. 
CGSCORE .937 50 .010 
ROA .978 50 .475 
ROE .978 50 .472 
DERATIO .866 50 .000 
TOBINQ .895 50 .000 
DPR .802 50 .000 
SALES GROWTH .547 50 .000 
NPM .943 50 .018 
MARKETCAP .693 50 .000 
NAV .939 50 .012 
MVBVRATIO .873 50 .000 

 
It can be seen that p value of Shaphiro – Wilk test statistic is less than 0.05 for all considered variables 
except ROA and ROE. So the consideredvariables do not follow normal distribution.  So to test the 
significant correlation coefficient between any two parameters of financial indicators, Kendal Tau test 
(nonparametric test) is used. 
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It can be observed that MV/BV Ratio and Tobin’s Q have no significant correlation with CG Score 
whereas Market Capitalisation has significant correlation with CG Score for Pharma Sector. MV/BV 
Ratio has positive correlation with Tobin’s Q and Market Capitalisation at 1% significance level. 
Tobin’s Q has positive correlation with Market Capitalisation and MV/BV Ratio at 1% significance 
level. Market Capitalisation has positive correlation with CGRS Score, Tobin Q, NAV and MV/BV Ratio 
as well as negative correlation with ROA, ROE, DPR and sales growth at 10% significance level for 
Pharma Sector. 

Table No. 3: Correlation Coefficient : Pharma Sector 

 

CG 
SCOR
E ROA ROE 

D/E 
RATI
O 

TO
BIN
Q DPR 

SALES 
GROW
TH NPM 

MARK
ET CAP NAV 

MV/
BV 
RAT
IO 

CG 
SCORE 

r 1.000           
p value             

ROA r .050 1.000          
p value .614            

ROE r .082 .788 1.000         
p value .410 .000           

D/E 
RATIO 

r .188 -.111 .077 1.000        
p value .063 .261 .440          

TOBIN
Q 

r 
.108 .037 .038 -.050 

1.0
00 

      

p value .279 .707 .694 .615         
DPR r 

-.066 .081 .076 -.115 
-
.08
4 

1.000      

p value 
.512 .407 .436 .247 

.38
9 

       

SALES  
GROW
TH 

r 
-.106 .369 .422 .071 

-
.07
2 

-.115 1.000     

p value 
.293 .000 .000 .475 

.46
1 

.244       

NPM r 
.024 .649 .543 -.231 

.06
8 

.216 .222 
1.00
0 

   

p value 
.814 .000 .000 .020 

.48
7 

.028 .024      

MARK
ET 
CAP 

r 
.251 -.171 -.209 -.028 

.46
8 

-.286 -.245 
-
.133 

1.000   

p value 
.012 .080 .033 .776 

.00
0 

.003 .013 .173     

NAV r 
.254 -.163 -.187 .045 

.11
8 

-.281 -.227 
-
.274 

.549 
1.00
0 

 

p value 
.011 .096 .055 .651 

.22
5 

.004 .021 .005 .000    

MV/B
V 
RATIO 

r 
.153 .038 .075 .089 

.79
5 

.015 -.075 .088 .408 .056 
1.00
0 

p value 
.126 .700 .441 .370 

.00
0 

.880 .446 .366 .000 .569   
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Panel Data Regression Analysis:  
 Panel data (also known as longitudinal or cross-sectional time-series data) is a dataset in which 
the behavior of companies is observed across time. Panel data considers individual heterogeneity 
which leads to efficient estimates. The regression model of panel data is known as panel data 
regression model. 
 In present study one way Fixed Effect Regression Model or one way Random Effect Regression 
Model is used for Tobin’s Q, MVBV and Market Capitalisation using CG Score as an independent 
variable and ROA, ROE, D/ERatio, DPR, Sales Growth, NPM, NAV and Firm Size as controlled variables. 
 
Panel Data Regression Model For Tobin’s Q : 
 For Pharma Sector, it was observed through Hausman test that Random Effect Model is 
appropriate. From Table No. 4, it can be observed that p value (0.0037) of the F statistic (4.52) is less 
than 0.05. So model is statistically significant. 

Table No. 4: Random Effect Model of Tobin’s Q for Pharma 
Sector 
Dependent Variable: TOBINQ   
Method: Panel EGLS (Cross-section random effects) 
Periods included: 5   
Cross-sections included: 10   
Variable Coefficient Std. Error t-Statistic Prob.   
     
C 11.83219 3.641730 3.249057 0.0022 
CGSCORE 0.111271 0.035891 3.100287 0.0033 
ROE -0.008526 0.024637 -0.346047 0.7309 
D/ERATIO -2.747510 1.339357 -2.051366 0.0461 
FIRMSIZE -2.066846 0.549187 -3.763464 0.0005 
R-squared 0.286765              F-statistic 4.523207 
S.E. of regression 1.141636              Prob(F-statistic) 0.003715 

' 11.83 0.11 0.008 2.75 / 2.07it it it it itTobins Q CGScore ROE D ERatio FirmSize


      

0 :H Random Effect Model is appropriate. 

1 :H  Fixed Effect Model is appropriate. 

Table No. 5 : Hausman Test – Tobin’s Q for Pharma Sector 
Correlated Random Effects - Hausman Test  
Equation: Untitled   
Test cross-section random effects  
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.  
Cross-section random 9.397009 4 0.0519 

 
From the above Table No 5, it can be observed that p value of Hausman chi square test is 

0.0519 i.e. greater than 0.05. So, 0H  cannot be rejected. So, the fitted Random Effect Model of Tobin’s 

Q for Pharma Sector is appropriate. CGScore affects positively to Tobin’s Q at 1% level of significance 
and D/E Ratio as well as firm size affect negatively to Tobin’s Q at 5% and 1% level of significance 
respectively. The variation in Tobin’s Q is explained 28.68% by the all explanatory and control 
Variables together. Assuming control variables as constant, if CGScore increases by one unit across 
time and between companies then Tobin’s Q goes up on an average by 0.11 percent. Same way, 
assuming independent and other control variables as constant, if D/E Ratio increases by one time 
across time and between companies then Tobin’s Q goes down on an average by 2.75 percent. 
Assuming independent and other control variables as constant, if Firm size increases by one percent 
(in terms of natural log of NAV) across time and between companies then Tobin’s Q goes down on an 
average by 2.07 percent. ROE does not impact significantly on Tobin’s Q as p value is greater than 
0.05. If all control variables and independent variable are zero then average common value of 
intercept is 11.83. 
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Panel Data Regression Model for Market Capitalisation: 
It was observed through Hausman test that Fixed Effect Model is appropriate. This can be seen 

from the following Table No.6 of Random Effect Regression Model and Table No. 7 of Hausman Test. 
Table No.  6 : Random Effect Model  of Market Cap for Pharma Sector 
Dependent Variable: MARKETCAP   
Method: Panel EGLS (Cross-section random effects) 
Periods included: 5   
Cross-sections included: 10   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
C -92956.29 34452.78 -2.698078 0.0099 
CGSCORE 1559.626 420.8761 3.705664 0.0006 
DPR -227.5988 149.1745 -1.525721 0.1344 
SALESGROWTH 135.0389 64.63475 2.089262 0.0426 
NPM -546.9532 509.8239 -1.072828 0.2893 
NETASSETSVALUE 10.48555 3.825689 2.740828 0.0089 
DERATIO -2853.662 17894.15 -0.159475 0.8740 
     
R-squared 0.625345           F-statistic 11.96206 
S.E. of regression 13156.94           Prob(F-statistic) 0.000000 
     From the above Table No.6, it can be said that model is appropriate and CG Score, Sales Growth 

and NAV have statistically significant impact on Market Capitalisation but DPR, NPM and DE Ratio 
have no significant impact on Market Capitalisation. But Hausman test revealed that Random Effect 
Model is not appropriate. 

0 :H Random Effect Model is appropriate. 

1 :H  Fixed Effect Model is appropriate. 

Table No. 7: Hausman Test – Market Cap for Pharma Sector 
Correlated Random Effects - Hausman Test  
Equation: Untitled   
Test cross-section random effects  
     
     Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.  
     
Cross-section random 13.001765 6 0.0430 

From the above Table No. 7, it can be observed that p value of Hausman chi square test is 0.043 
i.e. less than 0.05. So, 0H  can be rejected. So, the fitted Random Effect Model of Market Capitalisation 

for Pharma Sector is not appropriate. So, Fixed Effect Model is fitted as below. 
Table No.  8 : Fixed Effect Model of Market Cap for Pharma Sector 
Dependent Variable: MARKETCAP   
Method: Panel Least Squares   
Periods included: 5   
Cross-sections included: 10   
MARKETCAP=C(1)+C(2)*CGSCORE+C(3)*DPR+C(4)*SALESGROWTH+C(5)*NPM+C(6)*
NETASSETSVALUE+C(7)*D/ERATIO+C(8)*D2+C(9)*D3+C(10)*D4+C(11)*D5+C(12)*D
6+C(13)*D7+C(14)*D8+C(15)*D9+C(16)*D10 
     
 Coefficient Std. Error t-Statistic Prob.   
C(1) -144167.3 39163.44 -3.681170 0.0008 
C(2)-CGScore 1692.838 433.0552 3.909059 0.0004 
C(3)-DPR -259.1807 151.5771 -1.709894 0.0964 
C(4)-SalesGrowth 121.1031 64.78850 1.869207 0.0702 
C(5)-NPM -92.16429 539.3037 -0.170895 0.8653 
C(6)-NAV 9.987178 4.074411 2.451195 0.0195 
C(7)-D/ERatio 9516.592 19791.64 0.480839 0.6337 
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C(8)-D2 18280.94 16065.61 1.137892 0.2631 
C(9)-D3 22823.52 9091.799 2.510341 0.0170 
C(10)-D4 23422.90 15271.23 1.533793 0.1343 
C(11)-D5 24532.29 14041.75 1.747096 0.0896 
C(12)-D6 9679.027 10956.02 0.883443 0.3832 
C(13)-D7 13887.26 13502.60 1.028488 0.3110 
C(14)-D8 43757.40 13244.07 3.303923 0.0023 
C(15)-D9 142412.5 14966.96 9.515121 0.0000 
C(16)-D10 10929.65 9212.789 1.186357 0.2437 
     
R-squared 0.948243           F-statistic 41.52781 
S.E. of regression 12201.02           Prob(F-statistic) 0.000000 
     

From Table No. 8, it can be observed that p value (0.000) of the F statistic (41.53) is less than 0.05. So 
model is statistically significant. CG Score affects positively to Market Capitalisation at 1% level of 
significance.  NAV affects positively to Market Capitalisation at 5% level of significance. Sales Growth 
affects positively to Market Capitalisation at 10% level of significance. DPR affects negatively to 
Market Capitalisation at 10% level of significance. The variation in Market Capitalisation is explained 
94.82% by the all explanatory and control Variables together. Assuming control variables as constant, 
if CG Score increases by one unit across time and between companies then Market Capitalisation goes 
up on an average by 1692.84 crore rupees. Same way, assuming independent and other control 
variables as constant, if NAV increases by one crore rupees across time and between companies then 
Market Capitalisation goes up on an average by 9.99 crore rupees. Same way, assuming independent 
and other control variables as constant, if DPR increases by one percent across time and between 
companies then Market Capitalisation goes down on an average by 259.18 crore rupees. Same way, 
assuming independent and other control variables as constant, if sales growth increases by one 
percent across time and between companies then Market Capitalisation goes up on an average by 
121.10 crore rupees.  NPM and D/E Ratio do not impact significantly to Market Capitalisation as p 
value is greater than 0.10. The intercept value for Aurobindo Pharma Ltd.is -144167.3, for Biocon Ltd. 
is -125886.36, for Cadila HealthcareLtd. is -121343.78 and so on. The intercept value for each 
company is different may be due to unique feature of the company and the difference is statistically 
significant for some companies and the difference is statistically not significant for some companies. 
So, again it is tried to check whether Fixed Effect Model is appropriate or not. If Fixed Effect Model is 
not appropriate then Pooled Regression Model can be considered as appropriate. 

2 3 4 5

6 7 8 9 10

144167.3 18280.94 22823.52 23422.90 24532.29

9679.03 13887.26 43757.4 142412.5 10929.65 1692.84

259.18 121.10 92.16 9.99

i i i iit

i i i i i it

it it it it

MarketCap D D D D

D D D D D CGScore

DPR SalesGrowth NPM NAV



     

     

    9516.59 / itD ERatio

 

0 :H Pooled OLS Regression Model is appropriate (All dummy variables equal zero) 

1 :H  Fixed Effect Model is appropriate (All dummy variables does not equal zero) 
Table No. 9: Wald Test – Market Cap for Pharma Sector 
Wald Test:   
Equation: Untitled  
    
Test Statistic Value df Probability 
    
    F-statistic  31.62192 (9, 34)  0.0000 
Chi-square  284.5973  9  0.0000 

From the above Table No. 9, it can be observed that p value of Wald test is 0.0000 i.e. less than 0.05. 
So, 0H  can be rejected. So, the fitted Fixed Effect Model of Market Capitalisation for Pharma Sector is 

appropriate. 
Panel Data Regression Model for MV/BV Ratio: 

For Pharma Sector, it was observed from the Table No.10 that p value (0. 78) of   F – statistic 
(0.36) is greater than 0.05i.e.the model is not significant. In other words, Random Effect Model of 
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MV/BV Ratio is not appropriate. So, Fixed Effect Model of MV/BV Ratio is fitted and represented in 
Table No. 11. 

Table No. 10 : Random Effect Model of MV/BV Ratio for  Pharma 
Sector 
Dependent Variable: MVBV   
Method: Panel EGLS (Cross-section random effects) 
Periods included: 5   
Cross-sections included: 10   
     
Variable Coefficient Std. Error t-Statistic Prob.   
C 2.151410 3.852531 0.558441 0.5793 
CGSCORE 0.042115 0.045876 0.918027 0.3634 
ROE -0.003843 0.035659 -0.107761 0.9147 
SALESGROWTH -0.005228 0.008941 -0.584671 0.5616 
R-squared 0.023177 F-statistic 0.363819 
Adjusted R-squared -0.040528 Prob(F-statistic) 0.779415 
S.E. of regression 1.730106   

The Table No.11 represents Fixed Effect Model of MV/BV Ratio for Pharma Sector.From Table 
No. 11, it can be observed that p value (0.000) of the F statistic (6.06) is less than 0.05. So model is 
statistically significant. It can be seen that CG Score affect positively to MV/BV Ratio but effect is not 
statistically significant.  66.29% of the variation in MV/BV Ratio is explained by the all explanatory 
and control Variables together. Assuming control variables as constant, if CG Score increases by one 
unit across time and between companies then MV/BV Ratiogoes up on an average by 0.061 times. 
Same way, assuming independent and other control variables as constant, if ROE increases by one 
percent across time and between companies then MV/BV Ratiogoes up on an average by 0.026 times. 
But independent variable as well as control variables do not have statistically significant impact on 
MV/BV Ratio. The intercept value for Aurobindo Pharma Ltd. is –1.07, for Biocon Ltd. is -2.05, for 
Cadila Healthcare Ltd. is 0.826 and so on. The intercept value for each company is different may be 
due to unique feature of the company and the difference is statistically significant for one company 
and the difference is statistically not significant for other companies. So, again it is tried to check 
whether Fixed Effect Model is appropriate or not. If Fixed Effect Model is not appropriate then Pooled 
Regression Model can be considered as appropriate. 

 
Table No. 11: Fixed Effect Model of MV/BV Ratio for  Pharma Sector 
Dependent Variable: MVBV   
Method: Panel Least Squares   
Periods included: 5   
Cross-sections included: 10   
Total panel (balanced) observations: 50  
MVBV=C(1)+C(2)*CGSCORE+C(3)*ROE+C(4)*SALESGROWTH+C(5) 
        *D2+C(6)*D3+C(7)*D4+C(8)*D5+C(9)*D6+C(10)*D7+C(11)*D8+C(12) 
        *D9+C(13)*D10   
     
      Coefficient Std. Error t-Statistic Prob.   
     
     C(1) -1.074703 4.337305 -0.247781 0.8057 
C(2)-CGSCORE 0.060680 0.047560 1.275876 0.2100 
C(3)-ROE 0.025753 0.041994 0.613246 0.5435 
C(4)-SALESGROWTH -0.009770 0.009214 -1.060277 0.2959 
C(5)-D2 -0.984858 1.260654 -0.781228 0.4396 
C(6)-D3 1.896387 1.096778 1.729053 0.0921 
C(7)-D4 0.044027 1.306148 0.033708 0.9733 
C(8)-D5 1.121667 1.105376 1.014739 0.3168 
C(9)-D6 -0.111678 1.159927 -0.096280 0.9238 
C(10)-D7 0.035194 1.152516 0.030537 0.9758 
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C(11)-D8 1.933381 1.091428 1.771424 0.0847 
C(12)-D9 7.401563 1.649609 4.486859 0.0001 
C(13)-D10 0.696324 1.131157 0.615586 0.5419 
     
     R-squared 0.662877              F-statistic 6.062674 
S.E. of regression 1.701922              Prob(F-statistic) 0.000010 

2 3 4 5

6 7 8 9 10

/ 1.07 0.98 1.896 0.044 1.12

0.112 0.035 1.933 7.40 0.696

0.061 0.026 0.0098

it i i i i

i i i i i

it it it

MV BVRatio D D D D

D D D D D

CGScore ROE SalesGrowth



     

    

  

 

0 :H Pooled OLS Regression Model is appropriate (All dummy variables equal zero) 

1 :H Fixed Effect Model is appropriate (All dummy variables does not equal zero)  

 
Table No. 12: Wald Test – MV/BV Ratio for  Pharma Sector 
Wald Test:   
Equation: Untitled  
    
    Test Statistic Value df Probability 
    
    F-statistic  7.477518 (9, 37)  0.0000 
Chi-square  67.29766  9  0.0000 

 
From the above Table No.12 , it can be observed that p value of Wald test is 0.0000 i.e. less than 0.05. 
So, 0H  can be rejected. So, the fitted Fixed Effect Model of MV/BV Ratio for Pharma Sector is 

appropriate. 
 

Conclusion: 
 
 MV/BV Ratioand Tobin’s Q have no significant correlation with CG Score in Pharma Sector. CG 

Score does not affect the firm performance in terms of MV/BV Ratioand Tobin’s Q in Pharma 
Sector.Market Capitalisation hassignificant positive correlation with CG Score in Pharma 
Sector.CG Score affects the firm performance in terms of Market Capitalisationin Pharma 
Sector. 

 From Random Effect Model, it is revealed that CG Score has significant positive impact whereas 
D/E Ratio as well as Firm Size have significant negative impact on Tobin’s Q in Pharma Sector. 

 From Fixed Effect Model, it is revealed that CG Score, Sales Growth and NAV have significant 
positive impact on Market Capitalisation whereas DPR has significant negative impact on 
Market Capitalisation in Pharma Sector. 

 From Fixed Effect Model, it is revealed that CG Score has little significant positive impact on 
MV/BV Ratio in Pharma Sector. 
Pharmaceutical Sector plays an important role as it is concerned with life of the human being.     

Transparency in Disclosure Practices is directly related with the health of the citizens as the drugs are 
available for the sale in the market on the basis of clinical trials. Higher disclosure increases the faith 
and reliability. It is observed that CG score has positive impact on firm performance. 
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A Comparative Trend Analysis of Liquidity Performance Of Selected Indian 
Pharmaceutical Companies 

ABSTRACT 

The developing economies like India, Pakistan, Sri Lanka are facing the problems of inadequate financial 
resources. Capital is the blood vein for any business. In business, money is required for the smooth 
functioning. The financial system is one of the most important inventions of the modem society. Some 
company with have surplus funds and some firm with have deficit Liquidit;y Management is an intermediary 
between surplus funds and deficit and facilitates the flow of funds from the areas of surplus to the areas of 
deficit The Indian pharmaceuticals market is the third largest in terms of volume and thirteenth largest in 
terms of value, as per a report by Equity Master. Hence, the Pharmaceutical sector is one among the leading 
sector in India and therefore this sector will be chosen for further study with regard to its liquidity. 
Researcher used trend'analysis through different liquidity ratios to evaluate the liquidity position of selected. 
Indian pharmaceutical companies. 

Key words: Liquidit;y Position, Trend analysis, Pharmaceutical companies 

INTRODUCTION: 
According to (Bhalaa, 2014} the term Liquidity shows the relationship of current assets and current 
liabilities. Liquidity has three basic components time, amount and cost An essential component of 
liquidity is the time an asset takes to be converted into cash or the time is takes to pay a current liability. 
So time stated as the ability of the firm to pay its liabilities on time. Liquidity may also be viewed as the 
ability of the firm to argument its future cash flows to cover any unforeseen needs or to take advantage of 
any unforeseen opportunities. This concept of liquidity has been referred to as financial flexibility.,. This 
viewpoint is much broader and would consider such things as the firm's stability of earnings, its relative 
debt/equity position and the availability of credit lines. Traditional method of analysis financial position 
such as ratio analysis is considered a weak tool for monitoring liquidity, but rather that ratios have yet to 
be developed that effectively measure the liquidity aspect of a business operation. According to 
(Jethmalani,. 2017) goods and service tax applied in India in 1st July, 2017. It is a key challenge that small 
and medium enterprises are faced with in the goods and service tax era is the need for increased working 
capital. Ambiguous GST filling process have caused temporary disruption for SMES ( smaU and medium 
enterprises) as their clients are delaying payments seeking clarity on invoice matching process, resulting 
in stretched working capital requirements. According to (Kishore, 2009) the quantitative liquidity 
concept includes the quantum, structure and utilization of liquid assets. The qualitative liquidity concept 
shows that it is the ability to meet all present and potential demands on cash in a manner that maximize 
cost and maximizes the value of the firm. The corporate liquidity is a vital factor in business. Excess 
liquidity though a guarantor of solvency would reflect lower profitability deterioration in managerial 
efficiency increased speculation and unjustified expansion, extension of too liberal credit and dividend 
policies. Too little liquidity then may lead to frustration in business operations, reduced rate of return, 
missed business opportunity and weakening of moral. Lack of liquidity implies lack of freedom of choice 
as well as constraints of management's freedom of management If sufficient liquidity is not maintaining 
the enterprise is technically insolvent and faces the financial embracement of renegotiating its 
obligations to creditors. Thus the management of liquidity requires active management of working 
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