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Counting In Tree Graphs

In the popular book and movie Pay It Forword, 12-year-old Trevor MicKinnay gets a challengng
assignment from his soclal studies teacher,

Think of an idea for world change, and put It Into practice)
Trevor came up with an Idea that fascinated his mother, his teacher, snd his classmates. He suggested
that he would do something really good for 3 people. Then when they ask how they can pay him back
for the good deeds, he would tell them to "pay it forward™ - each doing something good Tor 3 other
people.
Trevor figures that those three people would do something good for a total of 9 others. Those 9 would
do something good for 27 others, and so on. He was sure that before long there wiould Le good things
happening to billlons of people all over the world.

How many people would receive a Pay it Ferward good \
deed at each of the rext several stages of Lhe process?

i @mhmmmmMnmb«d people
) who would recefve Pay It Forward good deeds at tha
E tenth stage of the process?
4

| {€) Which of the graphs above do you think Is most fikely
y to represent the pattern by which the number of pecple
receiving Pay It Forward good deeds Increases a3 the process centinues over time?
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In this lesson, you will discover answers to questions like these and find strategies for analyzing
patterns of change called exponentiof growth. You will also discaver some basic properties ol
exponents that allow you to write exponential expression in useful equivalent forms

The number of good deeds In the Pay It Forward pattern can be represented by a tree groph that starts
like this: “Treyor
o
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ent the people who receive and do good deeds. Each edge represents a good deed

The vertices repres ‘
of this investigation, look for answers to

done by one person for another. As you work on the problems
these questions:

What are the basic patterns of exponential growth in
variations of the Pay It Forward process?

How can those patterns be expressed with symbolic rules?

o At the start of the Pay It Forward process, only one person does good
deeds—for three new people. In the next stage, the three new people
each do good things for three more new people. In the next stage,
nine people each do good things for three more new people, and so
on, with no person receiving more than one good deed.

a. Make a table that shows the number of people who will recelve

good deeds at each of the next seven stages of the Pay It Forward
process. Then plot the (stage, number of good deeds) data.

"Stage of Process 112]3]4]51617168[9]10]
E 1l

__&:?-rdmﬁoodb“ds 319 127 i : 3

b. How does the number of good deeds at each stage grow as the tree
progresses? How is that pattern of change shown in the plot of the
daal 4he Stoges woe Wlhpl?gﬁbjs each Hme
Points on e graph were gethng 3x farthar opart R
¢. How many stages of the Pay It Forward process will beneeded - — - // 14 =3
before 2 total of at least 25,000 good deeds will be done?
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Problem 1a) One person does good deeds for 3 new people
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@ Consider now how the number of good deeds would grow if each .-
person touched by the Pay It Forward process were to do good deeds
for only two other new people, instead of three. 2
a. Make a tree graph for several stages of this Pay It Forward process. Y
b. Make a table showing the number of good deeds done at each of ¥
the first 10 stages of the process and plot those sample (stage,
number of good deeds) values.

Tree Graph Table
stamer  al2lalalslelzlalalm
#deess: | | | | | | | [ |

¢. How does the number of good deeds increase as the Pay It Forwand
process progresses in stages? How is that pattern of change shown
in the plot of the data?
mulhplied by 2 Cvey Stoge
evey poiat on fha graph is oioded fom e previovs ot
d. How many stages of this process will be needed before a total ol ;
25,000 good deeds will have been done? :
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problem 2b) One person does good deeds for 2 new people.
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@ In the 1wo verslons of Pay It Forward that you have siudied, you can

use the number of good deeds at one stage to caleulate the number at
the next stage.

A. Use the words NOW and NEXT 1o wrlte rules thal express the two
patterns.

b. How do the numbers and calculations indicated In the rules express

the patterns of change in tables of (stage, number of good deeds) datal

¢. Write a rule refating NOW and NEXT that could be nsed to iodel
a Pay It Forward process in which each person does good deeds for
four other new people. What patiern of change would you expect

to see in a lable of (stage, number of good deeds) data for this Pay
It Forward process?

a. Next = 3-Now
Next = 3 - Now

b 4od'S how muth
we muthiplscd evesy
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@ It is also convenient to have rules that will give the number of
good deeds N at any stage x of the Pay It Forward process,
without finding all the numbers along the way lo stage x. When
students in one class were given the 1ask of finding such a rule
for the process in which each person does three good deeds lor
others, they came up with four different ideas:

N = 3x
Nex+3
N=3"
N=23x+1

a. Are any of these rules for predicting the number of good deeds N
correct! How do you know?
b. How can you be sure that the numbers and calculations expressed

at stage number x f each person in the process does goodl dewlds
for two others.

d. Write an "N = ..." rule that gives the number of good deeds at stage
x {f each person in the process does good deeds for four P"‘f’l‘

in the correct "N = ...~ rule will produce the same results as the : ‘
NOW NEXT rule you developed In Problem 3 W\ P\\)ﬁc‘; i\uqqedm:;m X
¢. Write an “N = ...~ rule that would show the number of good desds X wmml'm \j
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