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Brand bag purchasing selection
and its matrix structure

Yuki Higuchi®* and Kazuhiro Takeyasu?

Abstract

It is often observed that consumers select the upper class brand when they buy the
next time. Suppose that the former buying data and the current buying data are
gathered. Also suppose that the upper brand is located upper in the variable array.
Then the transition matrix becomes an upper triangle matrix under the supposition
that the former buying variables are set input and the current buying variables are
set output. If the top brand were selected from the lower brand in jumping way,
corresponding part in the upper triangle matrix would be 0. A questionnaire
investigation for automobile purchasing case is executed and the above structure is

confirmed. If the transition matrix is identified, a S-step forecasting can be
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executed. Generalized forecasting matrix components’ equations are introduced.
In this paper, brand bag purchasing case is considered and a method of building
the ranking table by utilizing correspondence analysis is newly proposed. Unless
planner for products does not notice its brand position whether it is upper or lower
than another products, matrix structure make it possible to identify those by
calculating consumers’ activities for brand selection. Thus, this proposed approach

enables to make effective marketing plan and/or establishing new brand.

Keywords: brand selection; matrix structure; brand position; brand bag;

correspondence analysis

1 Introduction

It is often observed that consumers select the upper class brand when they buy
the next time. Focusing the transition matrix structure of brand selection, their
activities may be analyzed. In the past, there are many researches about brand
selection [1-5]. But there are few papers concerning the analysis of the transition
matrix structure of brand selection. In this paper, we make analysis of the
preference shift of customer brand selection and confirm them by the
questionnaire investigation for automobile purchasing case. If we can identify the
feature of the matrix structure of brand selection, it can be utilized for the

marketing strategy.
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Suppose that the former buying data and the current buying data are gathered.
Also suppose that the upper brand is located upper in the variable array. Then the
transition matrix becomes an upper triangular matrix under the supposition that
the former buying variables are set input and the current buying variables are set
output. If the top brand were selected from the lower brand in jumping way,
corresponding part in the upper triangular matrix would be 0. These are verified
by the numerical examples with simple models.

If the transition matrix is identified, a S-step forecasting can be executed.
Generalized forecasting matrix components’ equations are introduced. Unless
planner for products does not notice its brand position whether it is upper or lower
than another products, matrix structure make it possible to identify those by
calculating consumers’ activities for brand selection. Thus, this proposed approach
enables to make effective marketing plan and/or establishing new brand.

A quantitative analysis concerning brand selection has been executed by [4, 5].
[5] examined purchasing process by Markov Transition Probability with the input
of advertising expense. [4] made analysis by the Brand Selection Probability
model using logistics distribution.

Formerly we have presented the paper and matrix structure was clarified when
brand selection was executed toward higher grade brand. In Takeyasu et al. (2007)
[6], matrix structure was analyzed for the case brand selection was executed for
upper class in an automobile purchasing case. Ranking Table is required before

making ranking of the brand. Furthermore, it was hard to make ranking table
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because there were plural standards to assort. In this paper, a new method to
arrange ranking table of brand is proposed, which utilizes correspondence analysis.
Brand selection process is calculated by using above table and the effectiveness of
this method is clarified through the total calculation process. Such research cannot
be found as long as searched.

Hereinafter, matrix structure is clarified for the selection of brand in section 2. A
block matrix structure is analyzed when brands are handled in a group and a s
-step forecasting is formulated in section 3. The method of building the brand
ranking table by utilizing correspondence analysis is introduced in section 4.
Numerical calculation is executed in section 5. Application of this method is

extended in section 6. Section 7 is a summary.

2 Brand selection and its matrix structure

2.1 Upper shift of Brand selection

It is often observed that consumers select the upper class brand when they buy
the next time. Now, suppose that X is the most upper class brand, y is the
second upper brand, and z is the lowest brand. Consumer’s behavior of selecting
brand wouldbez - y,y — X,z — x etc. x —> z might be few. Suppose that x
Is the current buying variable, and x, is the previous buying variable. Shift to x
is executed from x,,y,,o0r z,.

Therefore, x is stated in the following equation.
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X=a; X, +apYy, + a3z,

Similarly,

Y =2y, + a7,
and

Z = a7,

These are re-written as follows.

X Ay 8 Qg | Xy
YI=| 0 ap ax|Y%
z 0 0 aghz,
Set
X a; ap a3 Xp
X=lyl, A= 0 a;, a3}, Xy=%
z 0 0 ay Z,

then, X is represented as follows.
X =AX,

Here,
XeR3} AeR* X, eR?
A is an upper triangular matrix.
To examine this, generating the following data, which are all consisted by the

upper brand shift data,

[
[EEN
o

X' =|0 0 1

o
o
o
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0 1 0

Xi =1 0 0
0 0 1

i=1, 2 N

parameter can be estimated using least square method.

Suppose
X'=AX} +¢'
Where
&
g = 5; i=12,---,N
&

and minimize following J
N .. .
J =Z£IT8| — Min
i=1

A which is an estimated value of A is obtained as follows.
~ N N\
A= [Z X'XIT J[ZXLX'JJ
i=1 i=1

In the data group of the upper shift brand, estimated value A should be an upper
triangular matrix.
If the following data, that have the lower shift brand, are added only a few in

equation (3) and (4),

0 1
X =1/, Xi =0
0 0

A would contain minute items in the lower part triangle.
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2.2 Sorting Brand Ranking by Re-arranging Row

In a general data, variables may not be in order as x,y,z. In that case, large and
small value lie scattered in A. But re-arranging this, we can set in order by
shifting row. The large value parts are gathered in an upper triangular matrix, and

the small value parts are gathered in a lower triangular matrix.

A A

O OO e ¢ O

e O O O O O

z g ¢ O y e O O

2.3 In the Case that Brand Selection Shifts in Jump

It is often observed that some consumers select the most upper class brand from
the most lower class brand and skip selecting the intermediate class brand.
We suppose v,w,x,y,z brands (suppose they are laid from the upper position
to the lower positionas v>w>x>y>z).
In the above case, the selection shifts would be
V2
Ve y
Suppose there is no shift from z to y, corresponding part of the transition
matrix is O (i.e. a,;=0). Similarly, if there is no shift from z to y, from z to
w, fromy to x, form y to w, from x to w, then the matrix structure

would be as follows.
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Ay Qp A3 Qy A |V
a, 0 0 0w
0 a5 0 0 |x
0 0 a4 0]y

v
w
X |=
y
Z 0 0 0 agx)z,

o O O o

3 Brock matrix structure in Brand group and s-step

forecasting

Next, we examine the case in brand groups. Matrices are composed by the

Block Matrix.

3.1 In the Case that Brand Selection Shifts in Jump

Suppose the brand selection shifts from Corolla class to Mark II class in a car.
In this case, it does not matter which company’s car they choose. Thus, selection
of cars is executed in a group and the brand shift is considered to be done from

group to group. Suppose brand groups at time n are as follows. X consists of

p varieties of goods, and Y consists of qvarieties of goods.

n n
X Y1
n n
X y
X, = 2 \= :2
n n
Xp yQ
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Here,
X,eR? (n=12-), Y,eR%(n=12,-), A, eRPP, A,eRPI, A, eR

Make one more step of shift, then we obtain the following equation.

[X“jz Au’s AApL +ALA, (XnZJ
Yn 01 A222 Yn—Z

Make one more step of shift again, then we obtain the following equation.

Xn _ A’y ALAL+ALALA, +ALAL | X
Y, 0, A223 Yn—3

n

Similarly,

4 3 2 2 3
Xn A A Ap tAL ARA, T ALARAY FARA, X
Y, 01 A224 Yn—4

n

5 4 3 2 2 3 4
X A Au A AL ARAG FALTARALT T ALARA, FARA, Xn-s
Y 01 A225 Yn—5

n

Finally, we get the generalized equation for a s-step shift as follows.

s-1
- & k- -
(Xn] _ Ay’ ALTA, +ZAllS Ay T+ ALA, T (Xn—sJ

k=2 Y
0, Azzs n-s

If we replace n—s—>n,n—n+s in equation (15), we can make a s -step

forecast.

3.2 Brand Shift Group for the Case of Three Groups

Suppose the brand selection is executed in the same group or to the upper group,
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and also suppose that the brand positionis x>y >z (X isupper position). Then

the brand selection transition matrix would be expressed as

xn All' AlZ' AlS Xn—l

Yo = 0, Ap, Ax| Yia
Z, 0, 0, Axl\Z,,
Where,
x| A z;
X, = X:g Y, = y:2  Z, = Z:S
Xp Yq 7

Here,
X,eRP (n=12,--), Y, eR%(n=12,--), Z,eR" (n=12,--),

pxp pxq
A, eR™P, A, eRP

pxr axq qxr rxr
A,,eRP", A, eR™, A,eR™,6 A, eR

These are re-stated as :

Xn All’ AlZ’ A13 Xn—l
Wn = Yn , A= 0, A22’ A23 ) Wn—l = Yn—l
Zn 0, 0, A33 Zn—l

Hereinafter, we shift steps as is done in previous section.

In the general description, we state as :

W, = APW,

Here,
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All(S) ' AlZ(S) ' AlS(S) Xn—s
A(S) = O' AZZ(S) ! AZ3(S) ' Wn—s = Yn—s
O' O’ A33(S) Zn—s

From definition,

AD = A
In the case s=2, we obtain :

A Ap Ap(Au Ap Ag
AP = 0, A22’ A23 0, Azzv A23
0, 0, Ay 0, 0, Ay

Afl’ ApAn+ARA,, ApAp+ARAR +ALRA;

2
=l 0, A%, ApAg +AxAs
0, 0, A§3
Next, in the case s=3, we obtain :
Ail’ AflAlZ +ApApAy, + A12A§21 P
A® =] o, A% AQAg +ApAyAg +ApAL
0, 0, A;

Here,

P= AflAls FAPLARAG HALARAG FARARAG +HARARAL +A13A§3

In the case s=4, equations become wide-spread, so we express each Block Matrix
as follows.

(4) _ a4
Ayl = An
ALY = ALAL +ALALA, +ALALAS, +ALAY,
A%) = AilAl?» + AflAleZS + A§1A13A33 +ALALRARA;

+AARARA + A11A13A§3 + A12A§2A23
+ARARARAL + A12A23A§3 + A13A§3
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(4) _ a4
Ay = Az
A(zé) = Angzs + A§2A23A33 + A22A23A§3 + AzsAga
A%) = Ags
In the case s=5, we obtain the following equations similarly.
Aﬁ) = Ail
Ag) = AilAlz + AflAlZAZZ + AflAlegz + A11A12Agz + Alegz
A%) = AflAls + Af1A12A23 + Af1A13A33 + Af1A12A22A23
+ AflAlezsAaa + AflA13A§3 + A11A12A§2A23
+ALARARARAG + A11A12A23A§3 + A11A13A§3
+ Alengzs + A12A§2A23A33 + A12A22A23A§3
+ A12A23A§3 + A13A33
A(252) = Agz
Ag)s) = Angzz + Ang23A33 + AngzsAga + A22A23A§3 + AzsAgs
A(sg) = Ags
In the case s=6, we obtain :

6 6
A:(ll) = A11

Agg) = AilAlZ + AflA12A22 + A§1A12A§2
+ A51A12A32 + A11A12A‘212 + A12Agz



Yuki Higuchi and Kazuhiro Takeyasu

AR = AUAL + AL A LA G +ALAGAL +ALALALA
+ALALARA G +ALAAL +ALALALA,
+ AT ALARARAG + ALALA AL + AL A LAY
+ALALAL A, + ALALRALA A,
+ ALALARARAL + ALALAAL + AL A AL
+ARARA + ARAYLA AL + ApALARAL
+ ApARARAL +ALARAT + AAL,

We get the generalized equations for a s-step shift as follows.

S S
Agl) = All

s-1

(s) _ As-1 s—k k-1 s-1

AR =A AL+ zAn ApAy +ALA,,
k=2

2
S s—1 s—2
Aga) =Ai A +A;L [Z Al(k+1)A(k+1)3J

k=1
SIS & ik k-1 j+1
+Z AT AL D AG ARAG [TALA
= k=1

A(zsz) = Agz
(s) : k k
S S—| -1
Ay :ZAzz ApAz;
K-1

S S
A(33) = A33

Expressing them in matrix, it follows :

s-1
41 & k-1 4
AL AL A12+ZAil ApAy +ALAY, Q
k=2
S
s & k-1
A( )= 0, A;m Agz A23A33
k=1
0, 0, A§3
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2
Q= AEIAB + Ailz[zAl(kH)A(KH)Sj

k=1

s—3 ) j+1 ) _
* .Z|:Ai12J {AlZ(ZAglkAZSAgSlJ + AlaAégl}}

k=1
Generalizing them to m groups, they are expressed as :

Xal) A11 A12 o Alm X,(ﬂl
2 2
Xﬁ ) A21 Azz AZm Xr(1—)1

Xf{”) A A, o Anm )(51"1_)1

ml

XO R4, X@eRY, XM eRw A < RN (i=1---m)j=1---,m)

ij

4 Bulding the ranking table by utilizing correspondence

analysis

In this section, the method to build the ranking table by utilizing
correspondence analysis is described. Formerly, we have presented the paper,
where the matrix structure was clarified when brand selection was executed
toward higher grade brand in an automobile purchasing case[6]. The ranking table
for automobile was arranged from the interview result to the car dealers and it was
rectified by the target zone etc. We cannot deny the possibility that the gap may

arise between dealer’s ranking table and consumer’s ranking table.

In this paper, the ranking table is established by accepting the consumer’s
thought for the brand ranking. In particular, we collect the data of consumer’s

perceived quality by executing questionnaire investigation. Next, by utilizing
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correspondence analysis, we classify some categories depending on these results.
It becomes possible to rank brands depending on suitable factors except for price
factor by this method.

Suppose take following 4 brands for example. Table 1 shows customers’

evaluation to each brand by 5-point scale (highest grade: 5 to lowest grade: 1)

from the view point of high grade or not. These are the assumed data.

Table 1: Evaluated Score of the Brand Bags (Ex.)

Brand Name

Gucci | Vuitton | HELMES | COACH

5| 22 | 40 48 14
S 4] 16 | 25 37 13
=
5
g |3| 33 | 23 18 28
Q
5 2| 18 | 15 6 35
w

1| 12 1 2 15
Total | 101 | 104 111 105

Based on these data, the brands are ranked by utilizing correspondence analysis.
Correspondence analysis is calculated by using SPSS software. Based on the result

of analysis, we obtained the following figure.
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® Erand MName
0 Evaluated Class

0.5 o

HELMES
0.0 4op
Vuitton

-

Figure 1:  Principal Components’ Score Map of the Brand Bags (Ex.)

From this result, HELMES and Vuitton are ranked as the most upper class.
Gucci is ranked in the middle class, and COACH is ranked at the lowest class.

Based on this ranking table, matrix structure is analyzed hereafter.

5 Numerical calculation

5.1 Numerical Example

Now, the proposed method is examined under the supposition that the data sets
(Evaluated class, Purchase history) are obtained. We have 5 brands (A-E), and
they are evaluated by 5-point scale (highest grade: 5 to lowest grade: 1)
individually from the viewpoint of high grade or not. In this paper, these scores
are generated in a random manner. According to this, purchasing data (X, X) is

generated by the probability rate shown in Table 2.
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Table 2: Brand Shift Probability Rate
% 5 point 4 point 3 point 2 point 1 point Total
Brand Brand Brand Brand Brand
Xp 15% 15% 20% 25% 25% 100%
X 25% 25% 20% 15% 15% 100%
Following 100 cases are generated.
Table 3: Evaluation Score and Data Shift
Evaluation Score | Data Shift Evaluation Score | Data Shift
A|B|C|D|E|X, X A|B|C|D|E|X, X
1.]3|4|5/2|1|B — C 51. |412|1|5|3]| E A
2.1/5/3|4]1|/2, D — E 52. 121114 |3|5|B B
3./15/12|3(4|1 /B — C 53. |5/1|3|4|2]| E C
4. 12|5(4|3|1|E —> A 54. |51411|2|3| E B
5./5/1(3|2|4]D — C 5. |512(3|4|1|C D
6. |2|1|3|4|5/B — B 56. |3(24|5|1|C C
7.12|1|13|4|5/A - A 57. |51114|3|2]| E D
8.14|1|/5(3|2,D - A 58. |1(5(2|3|4]|C D
9.13|/2|5/4|1|D — C 59. |411(3|2|5|C A
1035|142 C — C 60. |43 |1|5|2] E B
11./411/5|2(3| B — D 61. |5(2|3|1|4| B C
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4.12|3|5|(1 /4] A —- B 84.13|2|5(1|4]C — C
3.]1|5|/4|3|2|A — E 8. 12(1/3|5/4]D — D
36.]4|1|3|2|5|E — E 86. |1 (4|52 |3|A — A
37./5(312|4|/1, B — D 87. 14121 |5|3]|]A — D
38.1]1|4|2|3|5|E — E 88. |5/3/4|2|1|]D — D
39.13|1|5|2|4, D — A 89. |34 |2 |5|1]A — B

40.]4 /53|12 E — C 90. |5(1}4|3|2|B — B

41.1211|3|4|5/ D — E 91. |3 (45|21} D — A

42.1114|5|2|3| E — B 92. 1132 |5|4|E — E

43.15/3(4/2,1, D —- B 93. |11/4/2|3|5]C — D

4.11/5(24/3| B —- B 94.13/4]1|5/2]C — C

45.1413|5(2|1, B —- A 9. 12514 |3|]E — D
46.|5/4(2/1 3, D —» C %.|5(1(2(4|3]|]E — D
47.1211(3/4,5 B —- B 97. 11|34 |2|5|E — E

48.1213|5(1|4, D —- A 98. |14/5/1]2|3|D — E

49.15/1(4|13|/2)B — B 99.14(2|1(5|3|D —- D

50.14|5|13|2|E — D 100.}]1|2|5|3|4|]C — C

Total 100 cases

5.2 Correspondence Analysis

Now, the proposed method is examined to the data sets shown in Table 3. We

obtained Table 4.
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Table 4: Summary for Evaluated Score

Brand name

A| B | C|D|E

5121 |17 |25 |18 |19

4 125 |19 |18 |21 |17

20 |20 |20 |18 | 22

2 116 |16 |22 |27 |19

100G pajen|eAd
w

118 |28 |15 |16 |23

Total |10 |10 |10 |10 |10

We obtained Figure 2.

A Brand Mame
® Evaluated Class

0.50
2
D
Fy
0.25
E
A

0.00 3

. . o C
dimension2 A
-0.25-1 b
4
L
A
-0.50 A
-0.75 T T T T
-0.75 -0.50 -0.25 0.00 0.25 050

dimension 1

Figure 2:  Principal Components’ Score Map of The Brand Bags
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From these results, the brands are ranked as follows (Table 5).

Table 5: Evaluation of the Brand Rank

Brand Name | Evaluated Rank
A 4(Upper Middle)
B 1(Low)
C 5(High)
D 2(Lower Middle)
E 3(Middle)

5.3 Matrix Calculation

In this section, the shift data is transformed into vectors based on Table 5.

Vector sets X, X, in the cases for 1 through 10 in Table 3 are expressed as

follows.
1 0 0 0 1 0
0 0 0 0 0 0
L X=|0] X,=|0 2 X=[1] X,=/0] 3 X=[0| X,=|0
0 0 0 1 0 0
0 1 0 0 0 1
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0 0 1 0 0 0
1 0 0 0 0 0
4 X=[0 X, =|1 5 X=|0| X,=|0] 6 X=|0| X,=|0
0 0 0 1 0 0
0 0 0 0 1 1
0 0 0 0 1 1
1 1 1 0 0 0
, X=]0] X,=|0 8 X=[0| X,=|0] 9 X=[0] X,=[0
0 0 0 1 0 0
0 0 0 0 0 0
0 0
0 0
10 x={0| X,=|0
1 0
0 1

Shift data in the cases for 11 through 100 are omitted. Substituting these to Eq.(7),

we obtain the following equation.

2 17 12 4 10

L |5 126 91 97 167

7 1 450513 0 0 0 O 1 55 4 20 29
16 38 3[/017 0 0 0 7 126 13 97 167
A=l0 383 4/0 0 22 0 0] =| L > 2224 26
45 4 4 40 0 0 23 0 1211921%13?17
1 23 39J0 0 0 0 25 7 14 13 97 167
6 5 15 19 71

35 42 91 97 167

Eq.(32) becomes to be an upper triangular matrix on the whole. From this result, it

becomes clear that the ranking table utilizing correspondence analysis is effective.
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40 cases are the upper shifts, 34 cases are the same rank movement, and 26 cases

are the lower shifts.

6 Remarks

Applications of this method are considered to be as follows. Consumers’
behavior may converges by repeating forecast under the above method and the
total volume of sales of all brands may be reduced. Therefore, the analysis results
suggest when and what to put the new brand into the market which contribute to
the expansion of the market. There may arise following cases. Consumers and
producers do not recognize the brand position clearly. But the analysis of
consumers’ behavior let them know their brand position in the market. In such a
case, strategic marketing guidance to select the brand would be introduced. Setting
in order the brand position of various goods and taking suitable marketing policy,
enhancement of sales would be enabled. Setting the higher ranked brand,

consumption would be promoted.

7 Conclusion

It is often observed that consumers select the upper class brand when they
buy the next time. Suppose that the former buying data and the current buying

data are gathered. Also suppose that the upper brand is located upper in the
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variable array. Then the transition matrix become an upper triangle matrix under
the supposition that former buying variables are set input and current buying
variables are set output. If the top brand is selected from the lower brand in
jumping way, corresponding part in an upper triangle matrix would be 0. A
questionnaire investigation for automobile purchasing case was executed and the
above structure was confirmed.

Formerly we have presented the paper and matrix structure was clarified when
brand selection was executed toward higher grade brand. In Takeyasu et al. (2007)
[6], matrix structure was analyzed for the case brand selection was executed for
upper class. In this paper, the method of building the ranking table utilizing
correspondence analysis was newly proposed. It becomes clear that the ranking
table utilizing correspondence analysis is effective with the demonstration of
numerical example.

If the transition matrix is identified, a S-step forecasting can be executed.
Generalized forecasting matrix components’ equations were introduced. Unless
planner for products does not notice its brand position whether it is upper or lower
than other products, matrix structure makes it possible to identify those by
calculating consumers’ activities for brand selection. Thus, this proposed approach
enables to make effective marketing plan and/or establishing new brand.

Such research as questionnaire investigation of consumers’ activities in brand
wine / whisky purchasing cases should be executed in the near future to verify

obtained results.



Yuki Higuchi and Kazuhiro Takeyasu 25

References

[1] Aker, D.A, Management Brands Equity, Simon & Schuster, USA, 1991.

[2] Katahira,H., Marketing Science, (In Japanese), Tokyo University Press, 1987.

[3] Katahira, H., and Y. Sugita, Current movement of Marketing Science, (In
Japanese), Operations Research, 14, (1994), 178-188.

[4] Takahashi,Y. and T. Takahashi, Building Brand Selection Model Considering
Consumers Royalty to Brand (In Japanese), Japan Industrial Management
Association, 53(5), (2002), 342-347.

[5] Yamanaka, H., Quantitative Research Concerning Advertising and Brand
Shift (In Japanese), Marketing Science, Chikra-Shobo Publishing, 1982.

[6] Takeyasu,K. and Y. Higuchi, Analysis of the Preference Shift of Customer
Brand Selection, International Journal of Computational Science, 1(4),

(2007), 371-394.



