VIRAL MARKETING Benjamin Dickman

Teacher’s Guide — Getting Started Brookline, MA

Purpose

In this two-day lesson, students will model “viral marketing.” Viral marketing refers to a marketing strategy
in which people pass on a message (such as an advertisement) to others, much like diseases and viruses are
spread.

To begin, explain that you are interested in starting your own business and you are researching different
marketing strategies to “get the word out.” Viral marketing is one strategy that should be considered. What
is viral marketing and what can be said about it mathematically?

Prerequisites
Students need have good understanding of exponents and how functions work. The lesson relies heavily on
exponential functions to explain how viral marketing works.

Materials

Required: None.

Suggested: Spreadsheet software or a graphing utility.

Optional: Marker chips or index cards (to replicate the passing of a viral advertisement).

Worksheet 1 Guide

The first three pages of the lesson constitute the first day’s work. Students are asked to imagine that they
are creating an ad campaign for their own business and they want the ad to “go viral.” They will need to
model the growth of the ad’s viewership for the first week. They will see that physical models become
unwieldy very quickly and that a convenient way of organizing this information is necessary. Some students
may become frustrated at the rate of growth and may need help understanding that an organized way to
construct this model is necessary. In this case, restricting their own models to just a few days should per-
mit them to move on through the lesson.

Worksheet 2 Guide

The fourth and fifth pages of the lesson constitute the second day’s work. Students are given a brief descrip-
tion of what an exponential function is and are instructed to modify their models from the previous day to
include exponential functions. Particular attention should be paid to the base of the function and its mean-
ing. Students then learn to consider the model they’ve created, particularly its real-world constraints and
the mathematical relationship to other phenomena. Finally, students are challenged to write a business pro-
posal for a marketing strategy. This will reinforce their understanding of the mathematics by sharing their
concept with others.

CCSSM Addressed

F-LE.1: Distinguish between situations that can be modeled with linear functions and with exponential
functions.

F-LE.5: Interpret the parameters in a linear or exponential function in terms of a context.
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VIRAL MARKETING
Student Name: Date:

“Viral marketing” is an advertising strategy in which people pass on a marketing message to others. For
example, when Hotmail first began to offer free email addresses, the following was included at the bottom
of every message: “Get your private, free email at http://www.hotmail.com.” When people received emails
from friends and family that were already using Hotmail, many of them would sign up for their own
accounts. Later on, these new Hotmail users would send out their own emails, thereby continuing the cycle.

EMAIL FROM: Cousin Vin

SUBJECT: [Fwd: Fwd:] Mathematical Modeling
DATE: March 9, 2011 12:02 PM EDT

TO: M. Modeler

lsn’'t modeling fun?

Catch ya later,
Vin

Do you Uoohoo?
Tired of SPAM? Uochoo Mail has the best
SPAM protection around.
http://mail.uoohoo.com

Leading Question
If you wanted to create an advertising campaign for your own business, why might you choose to use viral
marketing?
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VIRAL MARKETING
Student Name: Date:

1. You have created an ad that you want to “go viral” and you show it

to several focus groups. Based on their responses, you estimate Is there a way to organize
that the average viewer will send your ad to three other people the your model to help you see
next day. If you send the ad to five people on the first day, how the situation more easily?

many new people do you expect will see the ad each day for the
first week? How many people in total will see the ad each day for the first week?

2. How can you mathematically describe how many new people will see your ad each day? What about
how many people in total will see your ad?

3. Use your model to estimate how many people would see the ad in one month. What conclusions can
you draw from this estimation?
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VIRAL MARKETING
Student Name: Date:

4. It turns out that the average viewer forwards your advertisement to six other people the day after they
receive it. How does this affect your first week’s viewership?

5.You make a second ad campaign and estimate again that the average
viewer will send your ad to three new people the next day. You
decide to send the ad to 20 people on the first day. How many new
people will see your second campaign each day of the first week?
How many people in all will see the ad over the first week?

Do you have to make a brand-
new model or can you modify
the old one?

6. What conclusions can you draw from your answers in questions
4 and 5?7 What does this say about the mathematics of viral
marketing?

Is your model efficient
enough to handle this
situation? If not, is there an
easier way to model the viral
growth?
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VIRAL MARKETING
Student Name: Date:

An exponential function is a function that grows by a constant factor over every interval of the same length.
This means that every time the x-value of a function increases by 1, the y-value of the function is multiplied
by some given factor, known as the base.

7. Did you use an exponential function to model your viral marketing campaigns? If so, why did you think
this was a good idea? What was your base? How do you know? If you did not use an exponential func-
tion, try to use an exponential function to model the campaign’s growth. What should the base be?
What else needs to be considered? Do you get the same results with either method? Which method do
you like better and why?

8. What are some shortcomings of the viral marketing model? Should other factors be considered? Will an
exponential function always give you the correct number of new viewers you should expect each day?

9. Why do you think this type of advertising is called viral marketing? What other viruses do you know
about? What do you know about how they spread? Could doctors use an exponential function to under-
stand anything about epidemics?
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VIRAL MARKETING
Student Name: Date:

10. Some more “traditional” forms of advertisement are billboard ads, commercials during a sitcom, and
print ads in a newspaper or magazine. Make a model for how the number of people that see your ad
changes from day-to-day if you use more traditional forms of advertisement like these. Besides the
actual numbers, what is mathematically different about traditional ads and viral ads?

11. Design your own campaign! Imagine you've started your own business and you need to design an ad
campaign that will last for two weeks. Write a proposal to your coworkers about how to carry this out.
Don’t forget to include easy-to-understand mathematical explanations for why your campaign will
work better than others! (Feel free to be creative and make up expected numbers of people who will
see your campaign, but be sure to be reasonable!)
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VIRAL MARKETING

Teacher’s Guide — Possible Solutions

The solutions shown represent only some possible solution methods. Please evaluate students’ solution
methods on the basis of mathematical validity.

1.

11.

On days 1-7, you expect 5, 15, 45, 135, 405, 1215, and 3645 new people to see the ad, respectively.
This sums to 5465 people.

. Use the exponential function f(x) = 5 - 3%, with Day 1 represented by x = 0. The values of f(x) when

x=0,1...,6 represent the new people seeing the ad on a given day. The sum of these first seven values
represents the total viewership.

. Over 30 days, approximately 5.14 - 10'* people will see the ad. Without the use of mathematics soft-

ware, students will be unable to do this calculation by hand without an organized model! Considering
that there are only about 7 billion people in the world, it seems that there should be more restrictions
for this model.

. On days 1-7, you expect 5, 30, 180, 1080, 6480, 38,880, and 233,280 new people to see the ad. This

total equates to 279,935 people.

. On days 1-7, you expect 20, 60, 180, 540, 1620, 4860, and 14,580 new people, respectively. This total

equates to 21,860 people.

. The conclusion to be drawn shows that the total number of people to see the ad is affected more by the

number of people that the ad is passed on to each day. The number of people initially sent the ad does
much less to affect total viewership.

. The base of the exponential function should be representative of how many people the average person

shares the ad with.

. One shortcoming of this unrestricted exponential model is that it grows quickly beyond the population

of the planet. Another is that when the real world is considered, people tend to send the majority of
their emails within a general group (high schoolers may send the majority of emails to friends in the
same high school, most people tend to email to speakers of the same language, etc.). Thus, there will be
redundancies in viewers.

. This is called viral marketing because of the way passing on ads replicates the passing of viral diseases.
10.

The traditional forms of advertising only reach the one group of people who see it and viewership gen-
erally does not grow. (Mostly commuters on that route will see a billboard, those who watch the show

will only see a commercial during a sitcom, etc.)

Answers will vary. Mathematical explanations should include the idea of exponential growth, or in the

least, continually growing viewership.
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VIRAL MARKETING
Teacher’s Guide — Extending the Model

Modeling of epidemics is an enticing and potentially fulfilling area of mathematical modeling. For example,
trying to understand the relative merits and costs of vaccination and quarantine alone makes it worthwhile.
At first glance, the modeling process seems simple: the population consists of the susceptible, the infected,
and — for whatever reason — the no longer infectious. But the process of transition from one state to
another varies greatly from one situation to another, and can be devilishly hard to model realistically.

Begin with an extremely simple, and simplified, case. Consider a fixed population of N people, consisting
only of the susceptible and the infectious. (A better model might take account of the fact that it is possible
to be ill but not infectious, and also to be infectious and not know you are ill.) On day n, n > 0, you have the
number s(n) of “susceptibles,” the number i(n) of newly infectious, and the total number t(n) of infectious
on day n, given by t(n) =t (n-1) + i(n), with i(1) = t(1) = 1. A fixed fraction, a, of encounters between the
susceptible and the infectious leads to new illness, so that i(n +1) =i(n) + a-s(n) -t(n),and s(n+ 1) =
N-t(n+ 1). Even this simple model shows the typical S-shaped curve for t(n) versus n.

In the next step towards realism, we introduce a third group, beginning with the assumption of a number
h(n) of newly harmless on day n. Each day, a fraction, b, of infectious become harmless, so h(n) = b- t(n). In
this model, i(n) has a peak, and it is possible to study whether eventually everyone will be infected, or some
fraction will have escaped when the epidemic is over.

So now our equations are

s(n+1) =s(n)-a-s(n)-t(n)

i(ln+1)=a-s(n)-t(n) - b-t(n)

ttn+ 1) =t(n) +i(n+1)

s()=N,i(1)=1,t(1)=1,h(1)=0

s(n)+t(n)+h(n)=N
In one use of such a model, vaccination would keep s(1) from being all of N, while quarantine would
decrease t(n). Looking at the resulting graphs would help to tell how to divide resources between the two.

Modeling the spreading of rumors can be done in very much the same spirit, but there are different ver-
sions of when an “infectious” person, that is, one who is actively telling the rumor, will stop. A tempting
model might assume that two infectious persons meeting and trying to tell the rumor to each other would
result in both moving into the harmless group: they don’t want to be telling stale rumors! What happens
when an infectious meets a harmless is debatable. The chance that the infectious would then quit telling the
rumor is probably smaller than if (s)he met another infectious. It's interesting to ponder the analogs of
vaccination and quarantine in the “rumor” version of the model.
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