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Introduction

This project aims to teach year 11 students to use spread sheeting in accordance with the syllabus topic of ‘introductory modeling with probability’.  With regard to the suggested learning experiences, students may use Markov chain modeling for estimating or predicting probabilities under certain circumstances.  This task aims to use the Markov chain with the technology of spread sheeting for predicting brand changing between colas with consumers in the market.  The advantages of using spread sheeting technology for this purpose will be demonstrated throughout the following discussion.           

The Theme

Recently in Australia, a soft drink company, Aussie Soft Drink Company (ASDC) launched a new product called “AusKola.”  The company targeted two very famous international soft drinks: the “Cota-Cola” and “Pets-Cola”.  A month after launching the “AusKola”, ASDC has reached the point of doing one of pre-determined market reviews.
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They had previously fixed a number of checkpoints (reviews) at various intervals after the new product was launched.  From these reviews they prepared different strategies to deal with different situations, for example, on target, or below target etc.

The first market survey was amazing.  AusKola was performing much better than expected.

ASDC was aiming at 18% of the market share at this stage and 1/3 of the market share in the long run. The first survey, just completed, showed that the new AusKola gained 25% of the market share, which is 7% higher than the expected 18%. 

They attributed their success to:

(1) accurate market research;

(2) correct ingredients (no caffeine);

(3) good flavour;

(4) creative packaging design;

(5) good brand name;

(6) correct promotional strategies;

As a result of the finding released, ASDC’s stock price increased by 15%.

Because of the excellent survey results, ASDC’s financial department is considering how many stock shares of its own company they need to retain, giving the company the most optimistic benefit. 

On the other hand, the ASDC’s Marketing Department is trying to maintain the momentum.  They want consumers to continue buying the product after they have tested it for the first time.  If they were able to predict the future market share of “AusKola” then they would know whether or not they required to:

(1) change the ingredients;

(2) change the flavor;

(3) change the packaging;

(4) change the price; or

(5) change the promotional strategies.

Along with the first market survey, ASDC also collected statistics on consumers’ loyalty.  For an interval of one week, the possibility of a consumer switching from Cota-Cola to Pets-Cola and AusKola are 0.2 and 0.1 respectively.  A regular Pets-Cola consumer may change to Cota-Cola and AusKola at a rate of 0.15 and 0.25 respectively.  Similarly, the probability of changing from AusKola to Cota-Cola or Pets-Cola are 0.1 and 0.25.  These figures are based on the assumption that, on average, 1 purchase is made each week.

The Marketing Manager at ASDC is now asking the Technical Department to predict the market share of the three brands (Cota-Cola, Pets-Cola, and AusKola) for the future. The performances of the two rival brands are important, because ASDC are considering whether they should be attacking the stronger one or weaker one.

The Marketing Manager needs the Technology Department to: 

a) predict the distribution of the share of the market in 6 weeks;

b) predict the long term market share of each of the brands; and

c) find when a stable market share will occur.

The following table 1 shows the transitional probability and market share.

	From
	To Brand %
	Market Share

	Brand
	Cota-Cola
	Pets-Cola
	AusKola
	

	Cota-Cola
	70
	20
	10
	45 %

	Pets-Cola
	15
	60
	25
	30 %

	AusKola
	10
	25
	65
	25 %

	Table 1.


Counter Attacks

In response to AusKola’s recent success, Cota-Cola and Pets-Cola have created new promotion strategies.  AusKola has prepared for this and put up new promotions as planned. As well, AusKola has detected that many consumers have made a change. The recent brand switching pattern has changed.

You are assigned to: 

a) predict the distribution of their share of the market in 6 weeks;

b) predict the long term market share of each of the brands; and

c) find when the steady state of market share will occur.

The following table 2 shows the transitional probability and market share.

	From
	To Brand %
	Market Share

	Brand
	Cota-Cola
	Pets-Cola
	AusKola
	

	Cota-Cola
	65
	20
	15
	Assume last steady state of the market share.

	Pets-Cola
	15
	65
	20
	Ditto

	AusKola
	5
	25
	70
	Ditto

	Table 2.


Students to Find the Answers

1
Open a spreadsheet.

2
Enter the details (cells) as figure below.
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To enter a cell, move the cursor to the cell, and then highlight the cell by clicking on it. (For Spreadsheet 97 version, it is required to move the cursor to the “formula bar”.) Click on the formula bar, and type your data. Hit the ‘enter’ key when finished.
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3
Enter the formula for cell D8 as the figure below.


4
Enter the formula for cell E8 as the figure below


5
Enter the formula for cell F8 as the figure below.


6
Highlight the cells from D8 to F8, copy, then highlight cell D11 and paste.

7
Repeat the copy and paste actions until you find the steady state.

Hint: You may copy and paste more than one row to make it faster. Note that equal spacing is required (2 rows for this particular example).


Advantages

Advantages of using Spreadsheet for this Markov Chain

· Changing decimals places of accuracy 

· Easier operation

· Better visualization in comparison to graphics calculators

· Easier for data input 

These advantages are to be demonstrated in the presentation.

Conclusion

Throughout this project, the advantages of using spread sheeting technology were demonstrated.  Students will be able to generate the data for modeling purposes in order to predict the probabilities.  In comparison with the graphics calculator, spread sheeting is a superior visualization method and easier operation for better accuracy.  Since the instructions for using this technology are easy for students to follow, the objective of the idea of teaching Markov chain modeling with the use of spread sheeting can be achieved easily.

Appendix A
Technical Background Information

What is a Markov Chain?

“In some probability situations, the same conditions are repeated, but the probabilities depend on the outcome of the previous trial. This leads to a chain of events that is called a Markov Chain” (Brodie & Swift, 1995, p.100).

What is a Stochastic Process

If the state of a system can change in some probabilistic fashion at fixed or random interval of time, we can call the process as a stochastic process.

Markov chain is a stochastic process.

Transition Matrix

Transition Matrix is a set of probabilities of a set of states (Columns) changing to the next set of states (Rows).

State Matrix (or state vector)

Multiplying a “state matrix” by the “transition matrix” gives the probabilities of each outcome.

Steady State Matrix

Steady State Matrix is the set of probabilities that converges.

i.e. 
[steady state Matrix]  = [steady state Matrix] * [transition matrix]




(next)


(initial)
or,

S(1) = S(0) * T
References

Brodie, R. & Swift, S. (1995). Q Maths 11c. South Melbourne: Moreton Bay Publishing.

Appendix B

First Simulation (file: markershare1.xls)

	
	
	% of market share
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	state matrix
	
	
	transition probability matrix

	
	
	Cota-Cola
	Pets-cola
	AusKola
	
	Cota-Cola
	Pets-cola
	AusKola

	State now
	p(0)
	45
	30
	25
	Cota-Cola
	0.7
	0.2
	0.1

	
	
	
	
	
	Pets-cola
	0.15
	0.6
	0.25

	
	
	
	
	
	AusKola
	0.1
	0.25
	0.65

	1 week after
	p(1)
	38.5
	33.25
	28.25
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2 week after
	p(2)
	34.7625
	34.7125
	30.525
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	3 week after
	p(3)
	32.59313
	35.41125
	31.99563
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	4 week after
	p(4)
	31.32644
	35.76428
	32.90928
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	5 week after
	p(5)
	30.58408
	35.95118
	33.46475
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	6 week after
	p(6)
	30.148
	36.05371
	33.79829
	The market share after 6 weeks
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	7
	
	29.89149
	36.1114
	33.99711
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	8
	
	29.74046
	36.14441
	34.11512
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	9
	
	29.6515
	36.16352
	34.18498
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	10
	
	29.59908
	36.17466
	34.22627
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	11
	
	29.56818
	36.18118
	34.25065
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	12
	
	29.54997
	36.185
	34.26503
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	13
	
	29.53923
	36.18725
	34.27352
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	14
	
	29.5329
	36.18858
	34.27852
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	15
	
	29.52917
	36.18936
	34.28147
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	16
	
	29.52697
	36.18982
	34.28321
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	17
	
	29.52567
	36.19009
	34.28424
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	18
	
	29.52491
	36.19025
	34.28485
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	19
	
	29.52446
	36.19034
	34.2852
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	20
	
	29.52419
	36.1904
	34.28541
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	21
	
	29.52403
	36.19043
	34.28554
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	22
	
	29.52394
	36.19045
	34.28561
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	23
	
	29.52389
	36.19046
	34.28565
	Convergency happens at week 23, if 4 decimal places of accuracy is required.

	
	
	
	
	
	

	
	
	
	
	
	

	24
	
	29.52386
	36.19047
	34.28568
	And in the long run the market share is 29.5238 %, 36.1905 % and 34.2875 % for product Cota-Cola, Pets-Cola and AusKola respectively

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	29.52384
	36.19047
	34.28569
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	29.52383
	36.19047
	34.2857
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	29.52382
	36.19047
	34.28571
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	29.52382
	36.19048
	34.28571
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	29.52381
	36.19048
	34.28571
	
	
	
	


Appendix C

Students’ Spreadsheet (file: studentversion.xls)

	
	
	% of market share
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	state matrix
	
	
	transition probability matrix

	
	
	Cota-Cola
	Pets-Cola
	AusKola
	
	Cota-Cola
	Pets-Cola
	AusKola

	State now
	p(0)
	29.5238
	36.1905
	34.2857
	Cota-Cola
	0.65
	0.2
	0.15

	
	
	
	
	
	Pets-Cola
	0.15
	0.65
	0.2

	
	
	
	
	
	AusKola
	0.05
	0.25
	0.7

	1 week after
	p(1)
	26.33333
	38.00001
	35.66666
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2
	
	24.6
	38.88334
	36.51666
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	3
	
	23.64833
	39.32334
	37.02833
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	4
	
	23.12133
	39.54692
	37.33175
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	5
	
	22.82749
	39.6627
	37.50981
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	6
	
	22.66277
	39.72371
	37.61353
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	7
	
	22.57003
	39.75634
	37.67363
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	8
	
	22.51765
	39.77404
	37.70831
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	9
	
	22.48799
	39.78373
	37.72827
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	10
	
	22.47117
	39.78909
	37.73974
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	11
	
	22.46161
	39.79208
	37.74631
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	12
	
	22.45617
	39.79375
	37.75007
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	13
	
	22.45308
	39.79469
	37.75223
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	14
	
	22.45132
	39.79522
	37.75346
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	15
	
	22.45031
	39.79552
	37.75416
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	16
	
	22.44974
	39.79569
	37.75457
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	17
	
	22.44941
	39.79579
	37.7548
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	18
	
	22.44923
	39.79585
	37.75493
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	19
	
	22.44912
	39.79588
	37.755
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	20
	
	22.44906
	39.79589
	37.75505
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	21
	
	22.44903
	39.7959
	37.75507
	Steady state happens at week 21, if 4 decimal places of accuracy is required.

	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	22
	
	22.44901
	39.79591
	37.75508
	And in the long run, the market share is 22.449, 39.7959 and 37.7551% for Cota-Cola, Pets-Cola, and AusKola respectively.

	
	
	
	
	
	

	
	
	
	
	
	

	23
	
	22.44899
	39.79591
	37.75509
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	24
	
	22.44899
	39.79592
	37.7551
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Appendix D

Presentation Slides (file: AusKola.ppt)

For example: this is cell H2.





Formula Bar
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