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Analysis of Brand Selection and Its Matrix Structure in an  
Automobile Case Study

Yuki Higuchi・Kazuhiro Takeyasu

Abstract: It is often observed that consumers select upper class brand when they buy next 

time. Suppose that former buying data and current buying data are gathered.  Also suppose 

that upper brand is located upper in the variable array.  Then transition matrix becomes upper 

triangular matrix under the supposition that former buying variables are set input and current 

buying variables are set output.  Takeyasu et al.（2007）analyzed the brand selection and its 

matrix structure before.  In this paper, a questionnaire investigation to automobile purchasing 

case is executed and above structure is analyzed.  Multi-correspondence analysis is executed 

on these data.  Some interesting results are obtained.  Analyzing such structure provides useful 

applications.  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.
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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. 

　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 
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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 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. 

　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.

　In this paper, matrix structure is analyzed for the case the upper class brand is 

selected compared with the past purchasing case, and extensions for various applications 

are executed.  Such research can not 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 -step forecasting 

is formulated in section 3.  A questionnaire investigation to Automobile Purchasing case 

is examined and its numerical calculation is executed in section 4.  The results by multi 

correspondence analysis are described in section 5.  Application of this method is extended 

in section 6.  Section 7 is a summary.

2.  BRAND SELECTION AND ITS MATRIX STRUCTURE

（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  is the most upper class brand,  is the second upper class 

brand, and  is the lowest class brand. 

Consumer’s behavior of selecting brand might be  etc.   might be few.

Suppose that  is the current buying variable, and  is the previous buying variable. Shift 

to  is executed from  or .
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　Therefore,  is stated in the following equation.  represents transition probability 

from -th to -th brand. 

Similarly,

and

These are re-written as follows.

	 （1）

Set

then,  is represented as follows. 

	 （2）

Here,

 is an upper triangular matrix.

　To examine this, generating the following data, which are all consisted by the upper 

brand shift data,

	 （3）

	 （4）
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parameter can be estimated using least square method.

Suppose

	 （5）

where

and minimize following 

	 （6）

 which is an estimated value of  is obtained as follows.

	 （7）

In the data group of the upper shift brand, estimated value  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）,

 would contain minute items in the lower part of triangle.

（2）Sorting brand ranking by re-arranging row

　In a general data, variables may not be in order as .  In that case, large and small 

value lie scattered in .  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. 

	 （8）
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（3）Matrix structure under the case skipping intermediate class brand is skipped

　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  brands（suppose they are laid from the upper position to the 

lower position as ）.

　In the above case, the selection shifts would be 

　Suppose there is no shift from  to , corresponding part of the transition matrix is 0（i.e. 

）. Similarly, if there is no shift from  to , from  to , from  to , form  to , 

from  to , then the matrix structure would be as follows. 

	 （9）

3.  BROCK MATRIX STRUCTURE IN BRAND GROUPS AND -STEP FORECASTING

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

Matrix.

（1）Brand Shift Group for The Case of Two Groups

　Suppose the brand selection shifts from Corolla class to MarkⅡclass in a car.  In this 

case, it does not matter which company’s car they choose.  Thus, selection of cars are 

executed in a group and the brand shift is considered to be done from group to group.  

Suppose brand groups at time  are as follows.  consists of  varieties of goods, and  

consists of  varieties of goods.
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	 （10）

Here,

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

	 （11）

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

	 （12）

Similarly,

	 （13）

	 （14）

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

	 （15）

If we replace  in equation（15）, we can make a -step forecast.

（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, and 
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also suppose that the brand position is （  is upper position）.  Then the brand 

selection transition matrix would be expressed as :

	 （16）

Where,

Here,

These are re-stated as :

	 （17）

Where,

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

In the general description, we state as :

	 （18）

Here,
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From definition,

	 （19）

In the case , we obtain :

	 （20）

Next, in the case , we obtain :

	 （21）

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

In the case , we obtain the following equations similarly.
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In the case , we obtain :

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

Expressing them in matrix, it follows :
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	 （26）

Generalizing them to  groups, they are expressed as :

	 （27）

4.  A QUESTIONNAIRE INVESTIGATION AND NUMERICAL CALCULATION

　A questionnaire investigation for automobile purchasing case is executed.

　　<Delivery of Questionnaire Sheets>

　　　・A questionnaire sheet : Appendix3

　　　・Delivery Term : July 1 to 31 / 2009

　　　・Delivery Place：Osaka, Hyogo, Tokyo in Japan

　　　・Number of Delivered Questionnaire sheets: 500

　　<Result of collected Questionnaire Sheets>

　　　・Collected Questionnaire Sheets: 199

　　　・Collected data sets: 516

The questionnaire includes the question of the past purchasing history. Therefore the 

plural data may be gathered from one sheet.  For example, we can get two data such as

（before former automobile, former automobile）,（former automobile, current automobile）.  
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As a result, we obtained 516 data sets. 201 cases are the upper shifts, 192 cases are the 

same rank movement, and 123 cases are the lower shifts.  Lower shift is consists of 1/5 in 

whole cases and the transition matrix corresponds to these facts on the whole. 

　Fundamental statistical result is exhibited in Table 1. 

Table 1. Summary for 199 sheets

　Analyzing collected sheets based on Model Ranking Table（Appendix1, Appendix2）, 

we obtained the following 516 data sets. Appendix1 shows list of all cars and Appendix2 

shows the ranking Table for this calculation.

Using the description as is stated in 2.1, the vector  in these cases are expressed as 
follows.
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Substituting these to equation（7）, we can get the transition matrix  as follows.

	 （28）

A questionnaire investigation for automobile purchasing case is executed and the matrix 

structure stated in 2.1 can be confirmed on the whole.

　Hearing results from the car dealers are as follows.  There is a tendency to the shift to 

the upper brands.  But some of them have the following features such as :

1.	 When young, they ride on the high ranked automobile.  But when married, they ride 

on the automobile of the ordinary level.

2	 Office workers are apt to buy the higher ranked automobile as they promote.

3.	 Recently the interior of automobile became upgraded.  Therefore user can enjoy the 

higher ranked automobile in a rather lower grade automobile, which causes less need 

to upgrade.

4.	 People who ride on eco-car are increasing. 

Therefore, there are cases that the shifts to the upper brands do not necessarily occur.  

Anyway, the results show that 76%（Upper shift: 201, Same shift: 192, Lower shift: 123）

are the same rank movement or the upper shifts, and the transition matrix corresponds to 

these facts on the whole.

5.  MULTI CORRESPONDENCE ANALYSIS

　Multi Correspondence Analysis was executed based upon a questionnaire investigation 

for automobile purchasing case.  Intimacy among questionnaire items is derived by this 

analysis.
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5.1 Design and Sports

　We made correspondence analysis between Q8−1 and Q9−1.  From Chart 1, we can observe 

that those who esteem design of twenties have strong relationship with those who like sports.

5.2 Driving and Performance

　We made correspondence analysis between Q8−3 and Q9−8.  From Chart 2, we can 

observe that those who like driving of twenties have strong relationship with those who 

esteem performance of the car.

Chart 1：Q8−1 and Q9−1

Chart 2：Q8−3 and Q9−8
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5.3 Age and Price

　From Chart 3, we can observe that those who are thirties and forties esteem price.  

This may be because they do not spend so much money on an automobile.  They have 

children and house to spend a lot.

5.4 Object and Automobile Rank

　From Chart 4, we can observe strong correlation between“Rank Ⅰ”and“Picking up 

and Dropping off”,“Shopping”and“Rank Ⅱ, Ⅴ”.

Chart 3：Q8−4

Chart 4：Q9−9
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5.5 Object and Automobile（by Age）

　Now, we see them by age in detail.

（1）Teenagers
　From Chart 5, we can observe strong correlation between“Miscellaneous, Commuting”

and“Rank Ⅲ”.  We can also observe those in“Hobby”and“RankⅤ”.  We can assume 

that teenagers use automobile for hobby and playing.  Questionnaire results show that 

they often use“Fit”and/or“Vitz”, which are compact and easy to handle.

（2）Twenties
　From Chart 6, we can observe strong correlation between“Hobby”and“Rank Ⅱ,Ⅴ”

in twenties.  These are similar to those of teenagers but as twenties have more money, 

they seek upper ranked automobiles.

Chart 5：Q9−9（Teenagers）
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（3）Thirties
　From Chart 7, we can observe strong correlation between“Commuting”and“Rank

Ⅳ”in thirties.  There is also a correlation between“Hobby”and“RankⅡ”.  There was 

a correlation with“RankⅤ”in twenties.  This may be because they own higher ranked 

automobile as income increases.

Chart 6：Q9−9（Twenties）

Chart 7：Q9−9（Thirties）



38 Analysis of Brand Selection and Its Matrix Structure in an Automobile Case Study

大阪府立大学経済研究　第57巻 2（236）〔2011. 9〕 大阪府立大学経済研究　第57巻 2（236）〔2011. 9〕

（4）Forties
　From Chart 8, we can observe strong correlation between“Shopping”and“RankⅣ, Ⅴ”

in forties.  In the forties, using automobile for shopping was dominant from the result.

（5）Fifties
　From Chart 9, we can observe strong relationship among“Commuting”and“Rank Ⅴ”

in fifties.  Generally, we can assume that they own plural automobiles and use cheaper one 

for commuting and higher one for hobby.

Chart 8：Q9−9（Fourties）

Chart 9：Q9−9（Fifties）
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　We can clearly see that ⅤⅣranked car is often used for commuting andⅡfor hobby.  

As ages grow up, upper shift for brand selection appears clearly, which verifies the 

obtained result in the previous section.

6.  APPLICATIONS OF THIS METHOD

　Applications of this method are considered to be as follows. Consumers’behavior may 

converge 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.  By 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 variable array.  Then 

the transition matrix becomes 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 are 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.

　If the transition matrix is identified, a S-step forecasting can be executed.  Generalized 

forecasting matrix components’equations were introduced. Furthermore, we executed 

multi correspondence analysis based upon a questionnaire investigation for automobile 

purchasing case.  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 
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enables to make effective marketing plan and/or establishing new brand.  Various fields 

should be examined hereafter. 

　In the end, we appreciate Mr. Naoki IZUMI for his helpful support of work.
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Appendix1. List of all cars
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Appendix2. Model Ranking Table
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Appendix3. Questionnaire Sheet
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