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Background

I am an employee of HUAH, Incorporated, an advertising company that markets the military and other defense related companies to the public.  My company just landed a huge new client: the U. S. Army.  HUAH, Inc. will be in charge of continued marketing of the “Army Strong” brand in order to continue the high level of excitement young men and women feel about joining the U. S. Army.  
The Army continually looks to find ambitious and energetic young men and women to join its ranks.  HUAH, Inc. believes that they have found this demographic profile in the city of FanVille.  Through various polls, surveys, television set meters, and other market research tools, HUAH, Inc. determined that everyone in the FanVille watches and participates in sports nearly every day.  The people of FanVille are no doubt “Fan-atics” about their sports.  My boss, impressed by the physical prowess of the citizens of FanVille and the opportunity to target such a focused audience, has decided that a new television commercial advertising campaign focused on the most popular sports in FanVille would best market the “Army Strong” brand to this community.
The people of FanVille are fickle with which sports leagues that they watch, and their viewing habits seem to migrate to and from different major sports leagues.  In FanVille, the citizens prefer the following four sports leagues:  National Football League, National Basketball Association, National Hockey League, or NCAA Football.  In order to be considered a fan of one sport, a person must watch that sport more than any other on a given day.  If a person does not choose to watch a sport during that day, has lost interest in sports because their team has performed poorly, or is split between all of the leagues equally, they are categorized as having “No Interest.”  Through analysis of the market research, my firm has discovered that people change their sports viewing habits almost every day.  For example, some people who view NCAA Football tend to migrate towards viewership of the National Football League; Major League Baseball viewership often migrates to the National Hockey League, etc.
My firm tasked me with developing a plan to allocate next month’s one million dollar advertising budget across the four major sports leagues that the people of FanVille watch the most.  The boss wants to get the most visibility of the “Army Strong” campaign as possible.  HUAH, Inc. will spend their quarterly budget based on your prediction and assessment of viewership tendencies of the months of October and November.  
Facts
In FanVille, a fan of one sport is a person who watches that sport more than any other on a given day.  A fan who loses interest in a sport or who watches an equal amount of all sports on a given day is considered to have “No Interest.” 
Extensive research by analysts at HUAH, Inc. has concluded that during the month of October the viewership migration by the people of FanVille is as follows:  Of those that are currently watching the National Football League, 30% will continue watching the NFL, while 44% will watch College Football, 8 % will watch the NHL, and 18% will no longer have interest in any of the sports.  Of those that are currently watching the College Football, 54 % will continue watching College Football, 31% will migrate to the NFL, 11% will migrate to the National Basketball Association, and 4% will no longer have interest in any of the sports. Of those currently watching National Basketball Association 37% will keep watching NBA while 14 % will watch the NFL, 11 % will watch the College Football, 9 % will watch the NHL, and 29 % will no longer have interest in any of the sports.  Of those that are currently watching the National Hockey League 59 % will keep watching the NHL while 28 % will watch the NFL, 8 % will watch the NBA, and 29 % will no longer have interest in any of the sports.  Of those that are currently not watching any sports, 5 % will remain disinterested, 7 % will watch the NFL, 22% will watch the College Football, 29 % will watch the NBA, and 40 % will watch the NHL.
Assumptions
	Assumptions are simplifications of the real world that allow the problem to be more easily solved.  In order to determine the viewing habits of the people of FanVille it is necessary to make the following valid and necessary assumptions to ensure accuracy of the data.  	
· Analyst will not manipulate data based on personal feelings/preferences.
· Personal viewing preferences will remain constant throughout the quarter regardless of what is occurring within a particular sport.  For example, as the month of October progresses the performance of certain teams can impact the sport’s viewership; this will have no affect on the fan base/viewership of the sport.
· No one leaves from FanVille, therefore no one fan leaves the system.
· The percentage of fans who watch the different sports in October will remain the same in November and December.
· These are the only sports that are being rated and analysed.
· A viewers sports preference only changes once per week.
· Every month that is being researched has 4 weeks.
· There will be no major events, such as bowl games or playoffs, that will affect the viewership of a sport dramatically.


Analysis
	To find the amount of viewers per sport in the future, we must develop a mathematical model that will use the percentages given to calculate the number of fans per sport.  Because we initially only want to find the number of fans for the previous week and following week, it is only important to develop a system of equations that will use the initial weeks data that we have collected, and plug those values into the formulas to give us our results.  When developing the model, we will use the following variables:
	=number of people in Fanville watching the NFL for the w week
		= number of people in Fanville watching the College Football for the w week
      		= number of people in Fanville watching the NBA for the w week
       		= number of people in Fanville watching the NHL for the w week
       		= number of people in Fanville watching the Not Interested for the w week
		= week number (0,1,2,3….)
In order to use our system of equations that will be given, we must know the initial conditions we are given for each sport.  This will be the amount of viewers per sport on the first week of October (w = 1, because we want to know the last week in September as well, which will be w = 0).  All of the following conditions, as well through the rest of this report, will be in “thousands of viewers.”  Numbers are reduced for ease:
	= 33, = 60, =55, =55, =19
With the following system of equations, we can plug in our initial conditions to give us the following week’s ratings and also use it to find the previous weekends, explained below.  To use one of the equations, just plug in the correct initial condition for one of the corresponding variables, and that will output the amount of viewers for the following week of the specified sport.
		= .3 + .31 + .14 + .28 + .07
                        = .44 + .54 + .11 + 0 + .22
                        = 0 + .11 + .37 + .08 + .29
                        = .08 + 0 + .09 + .59 + .40
                        = .18 + .04 + .29 + .05 + .02
	To find the ratings of the previous week and the following weeks, it is first necessary to make a matrix out of the system of equations:		
	In order to find these different values, we will use the general Matrix-Vector Form equation .  Vector x will represent the number of viewers in the first week of October (our initial condition) and the matrix for it will be:

	This will yield the equation:

The result of this math will be a matrix in the same form as vector x but the numbers in said matrix are the corresponding values to the following matrix, where w = 2 for this specific equation:
= 
	To determine the amount of fans of each sport in the final week of September, the same matrixes as before were used with the same equation, .  Since we want to find the previous weeks viewers, which is represented by vector x, we know vector b’s values, which are the first week of Octobers.  To find them, we must multiply each side of the equation by the inverse of matrix A, as shown:

	This will yield vector x in the same form as before, but w = 0 (last week in September) because it is the week previous the initial condition, where w = 1:

	The trends of the viewers from the last week of September to the second week in October can be seen in Figure 1 in the Appendix.  From the last week in September to the first week in October, there is a significant change in each of the amount of viewers per sport.  Between the first week of October and the second week of October, there is also a decent change in the amount of viewers, but not as significant.  Based on these trends, it is shown that in the future, the amount of viewers per sport will begin to even out and become constant across the board.  There will be no noticeable change in viewers from one week to the next.  
Also seen in the appendix is Figure 2, which shows the network and percentages of fans that change sports from one week to the next.  Based on this figure, one can form a system of linear recursion equations which will allow one to calculate the number of fans of a certain sport in w week.  Again, we must define the variables, domain, and initial condition that will be used in the system:
	=number of people in Fanville watching the NFL for the w week
		= number of people in Fanville watching the College Football for the w week
      		= number of people in Fanville watching the NBA for the w week
       		= number of people in Fanville watching the NHL for the w week
       		= number of people in Fanville watching the Not Interested for the w week
		= week number; Domain = (0,1,2,3….)
		Initial Condition:  = 33, = 60, =55, =55, =19
	And now, time to develop the system of linear recursion equations:
		= .3 + .31 + .14 + .28 + .07
                        = .44 + .54 + .11 + 0 + .22
                        = 0 + .11 + .37 + .08 + .29
                        = .08 + 0 + .09 + .59 + .40
                        = .18 + .04 + .29 + .05 + .02
	To use one of these equations is just like the system of linear equations.  Take the variable and substitute in the proper amount for the correct week and it will yield the amount of fans for w week.  Again, all assumptions that have been listed in the above sections will need to apply to this system for the equations to yield proper answers.  This can also be made into matrix and put into Matrix-Vector form as the linear system of equations could be (see Figure 3) and be used to solve for specific weeks.  Both of these models can be used to find week 1’s viewers, and will both yield the same result because they are both multiplying each percentage by the proper number of viewers from each sports.  They are different in the fact that the matrix for the data formed from the equations can, by using the inverse, find the final week in September’s ratings with ease compared to the recursion equations. 
Discussion of Results
	As shown in Figure 4 and discussed earlier, the number of viewers for each sport becomes constant.  There is no major change in viewers from one sport to another, which means when deciding on how much money to use to advertise to each sport, a simple percentage equation can be used.  Take the number of viewers per sport divided by the total number of viewers, then multiply that by 100, and that will give you the percentage of the one million dollars that should be used on advertising in that specific sport.  For the percentage of people not interested in sports, it would be assumed that the money would be spent on advertising on different, popular stations that the target audience would be watching. Please see below chart for how the money should be allocated:


As seen, the more popular sports get more advertising money while the less popular get a smaller budget to work with.  With this plan, we will be covering the whole population and will be able to reach people with all different interest groups, which will allow for maximum exposure to our advertising.
To test one of our assumptions, we changed the amount of NFL viewers who continued to watch the NFL from 30% to 40% and iterated the results out 16 weeks (Figure 5).  As seen in Figure 6, the trend would never even off as it did before, but would still be a constant ratio/percentage for each sports viewers.  This is because since the amount of people in the system is increasing, there will always be more viewers every week, as seen in Figure 5.  The effects of this would cause the allocation of funds to change a little from the previous calculated, but after so many weeks because the same percentage of people will be added to the system, the allocation of funds will not need to be changed because the percentage of people watching each sport will become steady.
Conclusions
All in all, the trend of the data in this research does not come as a surprise.  When compared to the plebes in E-4 (see Figure 7), the difference in interest in different sports is quite high, but that could be due simply to the taste of the viewers.  What is important is when comparing the trends of the data.  When the plebes first arrived at West Point, the data was more than likely much different because times were hectic and without a set schedule, it was hard to keep interest and follow a certain sport.  Once life settled down and a routine set in, the data leveled off to where it is now, and will stay consistent throughout the company.
This relates to the data seen in our calculations because at first, there was a reoccurring changing in the percentages of which sport had the greatest interest.  As the weeks passed by, however, we saw a decrease in this change and began to see the percentage values even off.  Eventually, it leveled off completely and there was no change from one week to the next.  Even when we took the closed system and made it open with a constant increase in the percentage of people allowed in the system, we saw that the trend eventually leveled off.  Because of this trend that was formed, it allowed for and easy and accurate allocation of advertising funds that will not need to be adjusted as long as all of our assumptions hold true.  The best recommended way to allocate the money for optimal advertising can be seen on the chart on page 9.



AppendixFigure 1: Chart showing relationship between viewers and week numberFigure 2: Chart showing the network of change from one week to another (in percentages) of viewers who change from one sport to another.
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Figure 3: Matrix-Vector form of a linear set of Recursion Equations.
	NFL
	NCAA FB
	NBA
	Hockey
	No Interest

	33
	60
	55
	55
	19

	52.93
	57.15
	36.86
	47.64
	27.42

	54.0145
	64.2372
	31.6877
	46.6274
	25.4332

	55.390156
	67.535419
	29.896361
	44.856499
	24.321565

	56.0008465
	69.48013891
	29.13232343
	43.31584538
	24.07084578

	56.2310182
	70.65978912
	28.86758786
	42.28666391
	23.95494091

	56.33241415
	71.3434558
	28.78345029
	41.62767244
	23.91300733

	56.37553738
	71.7387695
	28.76264267
	41.22263333
	23.90041713

	56.39381626
	71.96615444
	28.76237406
	40.98020135
	23.89745389

	56.40166327
	72.09630355
	28.76703313
	40.83741932
	23.89758073

	56.40504578
	72.17057716
	28.7716876
	40.75427573
	23.89841372

	56.40651508
	72.21286847
	28.77516994
	40.70624372
	23.89920279

	56.40715998
	72.23690892
	28.77749672
	40.67865141
	23.89978298

	56.4074465
	72.2505581
	28.77896294
	40.66286503
	23.90016743

	56.4075757
	72.25830059
	28.77985544
	40.65385972
	23.90040855

	56.40763498
	72.26268961
	28.78038683
	40.6487337
	23.90055488

	
	
	
	
	


Figure 4: Iterations for weeks following initial study.



	NFL
	NCAA FB
	NBA
	Hockey
	No Interest

	33
	60
	55
	55
	19

	56.23
	57.15
	36.86
	47.64
	27.42

	60.6275
	65.6892
	31.6877
	46.8914
	26.0272

	64.00243
	71.3599
	30.24946
	45.7789
	25.59507

	66.56721
	75.65377
	30.12677
	45.09022
	25.94802

	68.73892
	79.16512
	30.60096
	45.01923
	26.51848

	70.78257
	82.19446
	31.32242
	45.42194
	27.19522

	72.80026
	84.95775
	32.15105
	46.15865
	27.92714

	74.83748
	87.58989
	33.03281
	47.12208
	28.69264

	76.91512
	90.17302
	33.94766
	48.23903
	29.48381

	79.04315
	92.75676
	34.88909
	49.46305
	30.29809

	81.22685
	95.37102
	35.8557
	50.76591
	31.13499

	83.46946
	98.03399
	36.84784
	52.13104
	31.99482

	85.77335
	100.757
	37.86642
	53.54911
	32.87818

	88.14054
	103.5476
	38.91245
	55.01509
	33.78576

	90.57294
	106.4108
	39.98692
	56.52657
	34.71828

	
	
	
	
	


Figure 5: Iterations for 16 weeks following percentage change.

Figure 6: Graph showing trend following the percentage change.
	Sport
	FanVille percent
	Plebe Survey Percent

	NFL
	25.41%
	41.4%

	ColFB
	32.48%
	31.0%

	NBA
	12.96%
	6.9%

	NHL
	18.40%
	5.2%

	No Interest
	10.76%
	15.5%



Figure 7: Shows the results of a survey taken by the Plebes of E-4.







Notes
1. CDT Mo McCormack, E-4, ’12, assistance given to the author, data she collected, West Point, NY, 16 November 2008.  CDT McCormack sent me a data set for a survey taken of our company’s plebes.  This data set was used to compare to the data that was used in the original problem set, outlined in part H of the project guidelines.  Data can be seen in “Figure 7” in the Appendix.
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