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Abstract A new method of defining brand switching is introduced. Brand
switching is defined by comparing two brands purchased in two consecutive
periods. For durable consumer goods this does not cause any problem, because
only one brand would be purchased in one period. It is difficult to define brand
switching of non-durable consumer goods in the same manner, because two or
more brands can be purchased by a consumer in one period. A practical method
to cope with this difficulty is to compare the best selling brand in each period, but
this ignores brands other than the best selling brand. The present method defines
brand switching by the change of the rank of the purchase amount of the brand
in two consecutive periods. The method is applied to derive the brand switching
matrix among potato snack brands, and is compared with the method based on
the best selling brand by asymmetric multidimensional scaling. The comparison
shows that the present method represents the dominance relationships among
brands more accurately than the method based on the best selling brand.
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1 Introduction

The brand switching would be defined by comparing two brands purchased by
a consumer in two consecutive periods (e.g., periods 1 and 2). How to define
brand switching varies depending on whether we deal with durable consumer
goods or non-durable consumer goods. In the case of durable consumer goods
like cars or refrigerators, only one car or one refrigerator would be purchased in
a period by a consumer. In the case of durable consumer goods, how to define
the brand switching is simple; it is enough to compare the brand purchased in
period 1 and the brand purchased in period 2 for each consumer (e.g., Harshman
et al. (1982)). In the case of non-durable consumer goods like yogurt or potato
snack, each consumer would purchase not only once but several times in a
period. And each consumer may purchase not only one brand but two or more
brands in a period or even on one purchase occasion. How to define the brand
switching is not easy, when two or more brands are purchased in a period. One
practical method is to compare the brands which are the best selling brand
purchased (in terms of the amount of money or quantity) in periods 1 and 2 for
a consumer respectively (e.g., Okada and Tsurumi (2014)).

Brand switching from brands 𝑗 to 𝑘 for a consumer is represented by a
brand switching matrix whose ( 𝑗 , 𝑘) element is unity and the other elements
are null. The 𝑗-th diagonal element of a brand switching matrix is unity when
brand 𝑗 is the best selling brand in periods 1 and 2, and null otherwise. Brand
switching in the case of non-durable consumer goods defined by the best selling
brand relies on only one brand. Brand switching represents the dominance
relationships among brands, and it is reasonable to define brand switching by not
only one brand but by all brands. In the present study, the method to define brand
switching which utilizes not only the best selling brand but all brands (Okada
and Tsurumi (2018, 2019)), is described in detail. The present method has a
concept in common with the ’share of wallet’ or the ’share of customer’ which
is important in managing the customer relationship with brands (Peppers and
Rogers (1993)), and which is used as an index of the relationship (Keiningham
et al. (2011)). The purpose of the present study is twofold. The first one is to
describe the method of defining brand switching based on all brands not only
on the best selling brand. The second one is to compare two brand switching
matrices. One constructed by the present method and the other constructed
based on the best selling brand, by analyzing two brand switching matrices
using asymmetric multidimensional scaling.
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2 The method of constructing a brand switching matrix

The method of constructing a brand switching matrix based on all brands is
described in this section. It utilizes the rank of the purchase amount (money) of
brands for a consumer. Brand switching from brands 𝑗 to 𝑘 ( 𝑗 ≠ 𝑘) for a consumer
is defined as stated below. When the rank of the purchase amount of brand 𝑗 at
period 1 is overtaken by brand 𝑘 at period 2, the ( 𝑗 , 𝑘) element of the brand
switching matrix is unity, and null otherwise. This method makes it possible to
take all brands into account in defining a brand switching matrix.

In the following we give small examples of constructing a brand switching
matrix. Suppose there are five brands, namely A, B, C, D, and E, and the five
× five brand switching matrix, where the first row and column correspond to
brand A, the second row and column correspond to brand B, ..., and the fifth
row and column correspond to brand E, represents the brand switching. Let the
rank vector of the purchase amount at period 1 be ABCDE, and that at period
2 BACDE. Brand A was overtaken by brand B at period 2. Then the (1, 2)
element of the brand switching matrix is unity, and the other elements are null.
Let the rank of the purchase amount at period 1 be ABCDE, and that at period
2 CBADE. Brand A is overtaken by brands C and B, and brand B is overtaken
by brand C at period 2. Then the (1, 2), the (1, 3), and the (2, 3) elements of
the brand switching matrix are unity, and the other elements are null.

The 𝑗-th diagonal element for a consumer is unity when the rank of the
purchase amount of brand 𝑗 at period 2 is higher or equal to that of period 1,
and null otherwise.

The definition of the off diagonal element and that of the diagonal element
of a brand switching matrix are slightly different. The ( 𝑗 , 𝑘) element ( 𝑗 ≠ 𝑘)
of a brand switching matrix shows whether brand 𝑗 is switched to brand 𝑘

(when ( 𝑗 , 𝑘) element=1) or not (when ( 𝑗 , 𝑘) element=0). On the other hand,
The ( 𝑗 , 𝑗) element of a brand switching matrix shows whether the rank of brand
𝑗 at period 1 is maintained at period 2 (when ( 𝑗 , 𝑗) element=1) or not (when
( 𝑗 , 𝑗) element=0). The diagonal element of a brand switching matrix shows
how loyal a consumer is to the brand. When the rank of brand 𝑗 at period 1 is
maintained at period 2, it seems reasonable to think that the consumer is loyal
to the brand.

The brand switching matrix for a group of consumers is derived by adding
brand switching matrices of all consumers in the group. The ( 𝑗 , 𝑘) element
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of the obtained brand switching matrix for a group represents the number of
consumers who switched the brand from brands 𝑗 to 𝑘 in the group.

3 The data

The method was applied to the data on eight potato snack brands which were
collected in 2009 by the Distribution Economics Institute of Japan. Of 47,633
customers who are members of the frequent shoppers’ program of a supermarket
chain, 8,431 customers purchased a potato snack from June 1 to August 31,
2009 at any of three stores which belong to the supermarket chain in the Tokyo
metropolitan area. And 1,051 of the 8,431 customers purchased a potato snack
more than once at both of period 1 (June 1 - July 16, 2009) and period 2 (July
17 - August 31, 2009). The eight potato snack brands are called A, B, ..., F, G,
and O. Brand O represents brands other than brands A, ..., F, and G.

Table 1: Brand switching matrix among eight
potato snack brands based on all brands.

Period 2
Period 1 A B C D E F G O
Brand A 158 20 13 11 9 4 5 19
Brand B 37 182 38 33 48 30 38 50
Brand C 23 41 82 29 32 28 33 35
Brand D 12 37 26 78 21 19 19 31
Brand E 25 36 22 18 83 14 28 33
Brand F 2 8 6 4 6 25 4 8
Brand G 18 27 25 24 37 8 52 30
Brand O 13 25 26 19 18 10 13 29

Table 2: Brand switching matrix among eight
potato snack brands based on the best selling brand.

Period 2
Period 1 A B C D E F G O
Brand A 156 13 8 2 7 3 3 14
Brand B 29 145 19 12 28 18 14 35
Brand C 5 16 38 6 14 8 13 10
Brand D 3 8 13 40 6 3 4 8
Brand E 14 19 6 7 57 9 19 16
Brand F 2 1 1 0 1 14 0 1
Brand G 11 14 6 8 22 4 27 12
Brand O 8 10 15 5 10 4 7 20

Two brand switching matrices were derived from the data. One is the brand
switching matrix shown in Table 1. Table 1 was derived by the method which
was slightly adjusted the one based on all brands introduced in Section 2. In the
adjusted method, even if the rank of brand 𝑗 at period 1 is overtaken by brand 𝑘

at period 2, or even if the rank of brand 𝑗 at period 1 is maintained at period 2
for a consumer, the ( 𝑗 , 𝑘) element or the ( 𝑗 , 𝑗) element of a brand switching
matrix for the consumer is 0 when the purchase amount of brand 𝑗 is null at
period 1. This can reduce the excessive influence of the long tail of markets
on brand switching. The other is the brand switching matrix shown in Table 2
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based on the best selling brand. The correlation coefficient between elements of
two tables is 0.96 for all elements, and is 0.51 for off-diagonal elements. This
two correlation coefficients tell that the frequency of the brand switching among
eight potato snack brands are very similar for all elements, and fairly similar for
off-diagonal elements.

4 Asymmetric multidimensional scaling

The ( 𝑗 , 𝑘) element of the brand switching matrix can be regarded as the similarity
from brand 𝑗 to 𝑘 . Two brand switching matrices one derived by the present
method based on all brands, and the other based on the best selling brand are
analyzed respectively by the asymmetric multidimensional scaling which was
used in Okada and Tsurumi (2014).

Let A be the 𝑛×𝑛 matrix of the asymmetric similarity matrix among 𝑛 brands.
The ( 𝑗 , 𝑘) element of A represents the similarity from brand 𝑗 to 𝑘 which can be
not equal to the (𝑘, 𝑗) element. By using singular value decomposition (Eckart
and Young (1936)), A is approximated by the product of three matrices;

A ' X𝑟D𝑟Y𝑟
′, (1)

where D𝑟 is the 𝑟 × 𝑟 diagonal matrix having the 𝑟 largest singular values
in descending order at the diagonal elements, X𝑟 is the 𝑛 × 𝑟 matrix of the
corresponding left singular vectors (the length is normalized to be unity), and
Y𝑟 is the 𝑛 × 𝑟 matrix of the corresponding right singular vectors (the length is
normalized to be unity).

The 𝑗-th element of the 𝑖-th column of X𝑟 (the 𝑖-th left singular vector), 𝑥 𝑗𝑖 ,
represents the outward tendency of brand 𝑗 along dimension 𝑖, which shows
the weakness of brand 𝑗 of being switched from brand 𝑗 to the other brands.
The 𝑘-th element of the 𝑖-th column of Y𝑟 (the 𝑖-th right singular vector), 𝑦𝑘𝑖,
represents the inward tendency of object 𝑘 along dimension 𝑖, which shows the
strength of brand 𝑘 of being switched to brand 𝑘 from the other brands.

5 Results

Each brand switching matrix (Tables 1 and 2) was analyzed by asymmetric
multidimensional scaling. The five largest singular values are 282.7, 143.7, 94.9,
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63.2, and 52.0 for the brand switching matrix based on all brands (Table 1),
and 189.5, 134.7, 64.8, 41.9, and 30.5 for the brand switching matrix based
on the best selling brand (Table 2). The two-dimensional result was chosen
as the solution for both brand switching matrices, which makes it easy to
compare the two results.

The two-dimensional result consists of two planar configurations of brands,
one along dimension 1 and the other along dimension 2. Each configuration is
represented in a plane. The abscissa of the plane along dimension 𝑖 is the 𝑖-th left
singular vector (the 𝑖-th column of X𝑟 ) which represents the outward tendency.
The ordinate of the plane along dimension 𝑖 is the 𝑖-th right singular vector (the
𝑖-th column of Y𝑟 ) which represents the inward tendency. Figure 1 shows the
configuration of brands along dimension 1 based on all brands. Figure 2 shows
the configuration of brands along dimension 1 based on the best selling brand.
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Figure 1: Configuration of brands along
dimension 1 based on all brands.
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Figure 2: Configuration of brands along
dimension 1 based on the best selling brand.

All brands are in the first quadrant in Figures 1 and 2. Before examining
the configurations shown in Figures 1 and 2, it is useful to show how the
asymmetric relationships of brand switching among brands are represented
in the configuration. As shown by Equation (2), the frequency of the brand
switching from brands 𝑗 to 𝑘 , 𝑎 𝑗𝑘 , when 𝑟 = 2, is approximated by the sum of
two terms:
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𝑎 𝑗𝑘 ' 𝑑1𝑥 𝑗1𝑦𝑘1 + 𝑑2𝑥 𝑗2𝑦𝑘2, (2)

where 𝑑1 is the largest singular value, 𝑥 𝑗1 is the outward tendency of brand 𝑗 along
dimension 1, and 𝑦𝑘1 is the inward tendency of brand 𝑘 along dimension 1.

The first term of the right side of Equation (2) shows the frequency of the brand
switching from brands 𝑗 to 𝑘 along dimension 1, which is the product of the
outward tendency of brand 𝑗 and the inward tendency of brand 𝑘 along dimension
1 multiplied by the largest singular value. Similarly, the second term shows the
frequency of the brand switching from brands 𝑗 to 𝑘 along dimension 2.

The frequency of the brand switching from brands F to B along dimension
1 is represented by 𝑑1𝑥𝐹1𝑦𝐵1 which means the area of a rectangle formed by
two sides; 𝑥𝐹1 and 𝑦𝐵1, multiplied by 𝑑1. The frequency of the brand switching
from brands B to F along dimension 1 is represented by 𝑑1𝑥𝐵1𝑦𝐹1, which means
the area of a rectangle formed by two sides; 𝑥𝐵1 and 𝑦𝐹1, multiplied by 𝑑1. In
Figures 1 and 2, 𝑑1𝑥𝐹1𝑦𝐵1 < 𝑑1𝑥𝐵1𝑦𝐹1. This tells that the brand switching
from brands B to F is larger than the brand switching from brands F to B along
dimension 1, suggesting that brand F dominates brand B along dimension 1.

Figure 3 shows the configuration of brands along dimension 2 based on all
brands. Figure 4 shows the configuration of brands along dimension 2 based on
the best selling brand. As shown by the largest and the second largest singular
values, dimension 1 based on all brands has an about two times larger effect
than dimension 2 has in representing the relationships of the brand switching
among brands, while dimension 2 based on the best selling brands has an about
1.4 times larger effect than dimension 2.

Figure 1 (all brands) represents substantial relationships of the brand
switching among all brands along dimension 1. Figure 2 (the best selling
brand) practically represents relationships of the brand switching between
brands A and B along dimension 1, because points representing the other six
brands are near to the origin.

In Figures 3 (all brands) and 4 (the best selling brand), brand A is in the third
quadrant, and the other seven brands are in the first quadrant. The frequency
of brand switching from brands A to 𝑗 ( 𝑗 ≠ A, and brand 𝑗 is in the first
quadrant) is represented by 𝑑2𝑥𝐴2𝑦 𝑗2, and that from brand 𝑗 to A is represented
by 𝑑2𝑥 𝑗2𝑦𝐴2. Both 𝑑2𝑥𝐴2𝑦 𝑗2, and 𝑑2𝑥 𝑗2𝑦𝐴2 are negative, because 𝑥𝐴2 and 𝑦𝐴2
are negative, whereas 𝑥 𝑗2 and 𝑦 𝑗2 are positive. This means that 𝑑2𝑥𝐴2𝑦 𝑗2 and
𝑑2𝑥 𝑗2𝑦𝐴2 along dimension 2, which corresponds to the second term of the right
side of Equation (2), counterbalance the frequency of brand switching from
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Figure 3: Configuration of brands along
dimension 2 based on all brands.
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Figure 4: Configuration of brands along
dimension 2 based on the best selling brand.

brands A to 𝑗 and that from 𝑗 to A along dimension 1, which corresponds to the
first term of the right side of Equation (2).

Figure 3 shows that all brands but brand A are near to the origin, suggesting
the relationships among the seven brands near to the origin are insignificant.
Figure 3 essentially represents weak relationships of brand switching between
brand A and the other seven brands. Figure 4 (the best selling brand) shows that
six brands (brands other than A and B) are near to the origin, suggesting the
relationships among the six brands are insignificant. Figure 4 mainly represents
relationships between brands A and B, and weak relationships between brand A
and the six brands, and those between brand B and the six brands.

Configurations shown in Figures 1 and 2 appear not so similar. The correlation
coefficient between recovered elements of brand switching matrices along
dimension 1 based on all brands and those based on the best selling brand is
0.68. Configurations shown in Figures 3 and 4 are somewhat similar, and the
correlation coefficient between recovered elements of brand switching matrices
along dimension 2 based on all brands and those based on the best selling
brand is 0.87. These figures tell that the two configurations based on all brands
and those based on the best selling brands along each dimension represent
pretty or fairly similar relationships of brand switching. To compare the two
dimensional configurations as a whole, the correlation coefficient between the
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sum of recovered elements of brand switching matrices along dimensions 1 and
2 based on all brands and those based on the best selling brand was derived.

The correlation coefficient is 0.89 which is larger than the correlation
coefficient between two sets of recovered elements of brand switching matrices
along dimension 1 (0.68) as well as along dimension 2 (0.87). Two methods
of defining brand switching resulted in brand switching matrices which show
fairly similar relationships of brand switching represented in two-dimensional
results as the analyses by asymmetric multidimensional scaling show. But the
relationships among brands represented in configurations along each dimension
are less similar than those represented in the two-dimensional results are. This
suggests that two sorts of two-dimensional results, based on two different
methods of defining brand switching, represent similar relationships among
brands, and that each dimension discloses less similar aspects of the relationships
represented in the two sorts of results. It should be pointed out that the recovered
elements from/to brands A and B are very large (absolute) values compared to
the other recovered elements. This can inflate the three correlation coefficients
shown above.

6 Discussion

The asymmetry of brand switching or the dominance relationships among
brands determines the increase or the decrease of the market share of the brand.
Table 3 shows the market share of each brand at periods 1 and 2, and the
increment/decrement of the market share from periods 1 to 2. The market share
of brands A, E, F, and O increased from periods 1 to 2, conversely the market
share of brands B, C, D, and G decreased.

Table 3: Market share (%) of eight potato snack brands based on the amount of money purchased.

Brand Period 1 Period 2 Period 2 - Period 1
Brand A 22.6 32.9 10.3
Brand B 24.5 18.1 -6.5
Brand C 12.4 8.3 -4.1
Brand D 11.0 7.7 -3.3
Brand E 10.7 11.2 0.5
Brand F 1.2 3.7 2.6
Brand G 10.2 8.7 -1.4
Brand O 7.4 9.4 2.0
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Let two points representing brands 𝑗 and 𝑘 respectively be in the same quadrant
or in the neighboring quadrants of the configuration along dimension 𝑖. The
frequency of brand switching from brands 𝑗 to 𝑘 along dimension 𝑖 is represented
by 𝑑𝑖𝑥 𝑗𝑖𝑦𝑘𝑖 which means the signed area of a rectangle formed by two sides; 𝑥 𝑗𝑖

and 𝑦𝑘𝑖 , multiplied by 𝑑𝑖 . If brand 𝑘 is ahead of the counterclockwise direction
(azimuth at the origin) than brand 𝑗 is in the configuration, 𝑥𝑘𝑖𝑦 𝑗𝑖 < 𝑥 𝑗𝑖𝑦𝑘𝑖.
This tells that brand 𝑘 dominates brand 𝑗 along dimension 𝑖.

It is worthwhile to examine the correspondence between the increment/
decrement of the market share and the dominance relationships among brands
represented in the configuration. The configuration based on all brands along
dimension 1 (Figure 1) tells that the dominance relationships among brands
are F � O � E � A � G � D � B � C, where F � O represents that brand
F dominates brand O (the brand switching from O to F is larger than
from F to O). The configuration based on the best selling brand along
dimension 1 (Figure 2) tells that the dominance relationships among brands are
F � O � A � C � D � E � B � G. It seems that the dominance relationships
along dimension 1 represented in Figure 1 more closely correspond to
the increment/decrement of the market share than those based on the best
selling brand do. The configuration based on all brands along dimension
2 (Figure 3) tells that the dominance relationships among brands are
E � F � G � O � B � C � D, D � A, and A � E � F � G � O � B � C.
The configuration based on the best selling brand along dimension 2 (Figure 4)
tells that the dominance relationships among brands are F � O � E � G � D �
B � C, C � A, and A � F � O � E � G � D � B. The dominance relation-
ships of brand switching in Figures 3 and 4 only partially correspond to the
increment/decrement of the market share. These tell that the present method of
defining brand switching based on all brands corresponds a little more accurately
to the dominance relationships of the brand switching among brands than the
method based on the best selling brands does. The ratio of the second largest
singular value to the largest singular value is 0.51 for Table 1 (all brands), and
0.71 for Table 2 (best selling brand). This indicates that dimension 2 is not
significant, especially for all brands.

The present method of defining a brand switching matrix based on all brands
was applied only to one set of data. And the obtained brand switching matrix
was analyzed only by the asymmetric multidimensional scaling based on the
singular value decomposition.
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It is necessary to apply the method to other data sets, and to utilize other
asymmetric multidimensional scaling methods to analyze the data in order to
more comprehensively examine and evaluate the present method. The present
method has an advantage in defining brand switching which is hardly influenced
even if the sum total of the purchase amount of all brands shrank or expanded
from periods 1 to 2, because the present method depends on the rank of the
purchase amount not on the amount itself. The present method can be used to
analyze the change of ranks. For example of universities, occupations, soccer or
baseball teams, ...

In using the present method to analyze the change of ranks, we need ranks
given by quite a few numbers of respondents which is sufficient to derive a
substantive ’brand switching matrix’ among universities, occupations, soccer
or baseball teams and so on. This will make it possible to predict the brand
switching matrix of the future (cf. Blattberg and Golanty (1978); Urban et al.
(1984)). Suppose a customer gives the rank of brands he would like to purchase
on the next purchase occasion. The obtained rank and the rank of the purchase
amount of brands in the past, e.g., one month, can be used to derive the brand
switching matrix from the last one month to the next purchase occasion. This
will enable us to acquire dominance relationships among brands on the next
purchase occasion.
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