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The Monte-Carlo technique uses probability to model or forecast scenarios. In this activity the Monte Carlo technique will
be used to estimate an area; however the learning focus is on the logic and understanding rather than the single
numerical result. The numerical result simply verifies that the processes work.

Creating the Simulation

Start a new document and insert a Graph application.
Use the [Menu] to change the graph type:

Graph Entry/Edit > Relation

Graph the relation:
X' +y* =1

Type in the equation then press [Enter] to graph it.

The graph is the focus so it is useful to zoom in a little so that it fills the
screen a little more.

[Menu] > Window/Zoom > Zoom In

The mouse now appears as a magnifying glass. Place it as close as
possible to the origin and click. Click again. Three clicks will zoom too
much. If you inadvertently zoom too much you can select zoom out or
press Ctrl + Z (undo).

The next task is to create two lists. A spreadsheet is a great place to
work with lists. Press Ctrl + | and insert a spreadsheet.

Navigate to the top of the spreadsheet (shown opposite) and type in the
names for the lists: xp and yp.
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The TI-Nspire CX contains lots of keyboard short cuts. Ctrl + | = Insert; Ctrl + C = Copy. You may be
able to guess a lot more. Check out our Short Cuts document in the Getting Started resources.

Keys can be pressed successively rather than simultaneously to access short cuts.
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Navigate to cell A1. Cells are referenced the same as any other 1.2
spreadsheet application, similarly formulas start with an ‘equals’ sign. @A xp Byp C D =

In cell A1 type the formula: =
=2rand() -1 ' |:0:2316...

A random number will be generated', notice however that the formula
used to generate the random number is visible at the bottom of the

screen. Press Ctrl + R and notice what happens to the random

~
number. 41| =2 rand()-1 l 4 I »

wm| e w

Question: 1.

Rand() generates random numbers between 0 and 1. What sort of numbers does: 2rand() — 1 generate?

2Rand() — 1 generates random numbers between -1 and 1.

This notion is also useful in other areas of the syllabus such as domain and range. For example if we replace
rand() with sin(x) and consider the range of sin(x) and the range of 2 sin(x) — 1. Repeatidly presenting these
opportunities to students in a variety of contexts makes the skills transferable and avoids ‘isolated thinking’.

The formula also needs to be entered into cell B1. This can be done by . *Sample some Pl Rao {1 )
retyping the expression, preceded again by the ‘=’ sign. €A xp Byp C D w
Alternatively, while cell A1 is highlighted press Ctrl + C (Copy), navigate |[=
to cell B1 and press Ctrl + V. (Paste). ! | 0.688584|:0.2241...
&l
4
=)
B1|=2- mndo—l
The same formula needs to be entered in all the cells from A1 to A25. R I ‘Sample some Pl
; ; ; ; ; &2 Insert b = = ]
Rather than typing or copying a quicker approach is available. 1> EADEEME] - Gonorate Sequence |- 'n
Navigate to cell A1. With cell A1 highlighted press: X 4: Statistics »|2: Data Capture Mo
4|5: Table b
[Menu] > Data > Fill = 4: Clear Data Hi
Arrow down to cell A25 (notice that a dotted line flows down) ... press 5 g E:{‘ﬁ;’:t"h :*’
[Enter] to generate 25 random numbers. p Sl e e e | |
Repeat this process for the second column: B1 to B25. 5 8: Summary Plot 4
~ w— = 9: Quick Graph [ I 8

" Random Numbers: Electronic devices generate pseudo random numbers. If your ‘random’ number is the same as anyone else’s you should change your ‘seed’
value. In a calculator application type: randseed #### and enter a four digits (#) number.
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The random points need to be plotted around the circle in the Graph
application. Navigate back to the Graph application by pressing
Ctrl + Left (Navigation pad) or by clicking on the page tab.

Use the menu to change the graph type to a Scatter Plot.
[Menu] > Graph Entry/Edit > Scatterplot

S1 = Scatterplot One

The list names can be typed in directly, alternatively press the [VAR]
key and select the desired list.

The numbers are random so technically it doesn’t matter which list is
assigned to which axis, however for consistence of labelling, put the ‘xp’
list on the x axis and the ‘yp’ list on the y axis.

There are 25 points plotted on the graph opposite. We are interested in
what proportion of points land inside the circle. In the image opposite
there are 9 points that fall outside the circle, therefore 16 points inside.
The proportion of points inside the circle is therefore:

16 =0.64
25

To generate another sample, return to the spreadsheet (Ctrl + Right)
and press Ctrl + R to generate another 25 random points. Navigate
back to the graph and determine the proportion of points inside the
circle.

In the screen shown opposite one point is clearly outside the circle but
there are two others that appear to be right on the line. You can
continually zoom in on these points and the zoom out or ‘undo’ the
zooming. Decide an appropriate rule to declare points on the line as
either in / out.

The screen show opposite shows how close points can be to falling ‘on
the line’ even after zooming several times.

Sample some Pl Monte
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Question: 2.

Generate 10 samples each of size 25 and record the proportion of points that land inside the circle in each trail.

Trial: 1 2 3 4 5 6 7 8 9 10

Proportion:

Answers will vary. The average proportion will be approximately 0.785 and most values should fall between
0.62 and 0.95.

Note that some students may get identical results if the random number generate is not ‘reset’. On a calculator
application students can use either the catalog, probability menu or directly type: randseed ###H where #H
represents a four digit number, or larger. This information is footnoted on page 2.

It is also worthy of noting that 25 is a relatively small number of trials, in this situation it is a compromise
between the time taken to count the number of points inside / outside the circle and the sampling requirement.
A rough estimate for a ‘reasonable’ number of samples is to use:

np>10 and ny1—p >10

Our sample size of 25 satisifes the first condition but not the second. So the distribution is slightly skewed. This
problem is addressed as students collect data from other students.
Question: 3.

Based on your data so far, estimate the proportion of points that land inside the circle.
Answers will vary but should be close to 0.785 if students simply compute the average of the sample proportions.

In the spreadsheet application label column D: “Data”. 1.2 § *Sample some Pl

® A xp Byp c D data ‘%I
Record the proportions of points that landed inside the circle for each -
of your ten trials. Jpusinaionn e
, - 21-0.2726... | 0.211006
Collect the results from 9 of your friends and add them to the “Data Qe mE——
column for a total of 100 results. R P
5 -0.8099... |-0.6010... =

Once all the results have been entered, press Cirl + | and insert a
Data and Statistics application. The points appear randomly
scattered around the screen.

Press [Tab] to bring up the variable list for the x axis.

(Or click on ‘add variable)
Select ‘data’

ck to add variable

Cli

l Click to add variable
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rao {11 F3

The graph displays the distribution of the proportions, referred to as: | EE} > ‘sample some Pl

‘the sampling distribution’.
l | ! ! l
8 1 8 i 8
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Question: 4.

Determine the mean of your sampling distribution.
Answers will vary but should be quite close to: 0.785

Question: 5.

Describe the spread of the results using words like ‘most’.

Answers will vary, but should reflect the collected data. For example using
the graph shown above: “most of the sample proportions lie between 0.66
and 0.92". This leaves just 4 proportions out of 100 making the selection
close to a 95% of the data.

Question: 6.
If you generated more samples would the data mean or spread (or both) change? Discuss.

Neither the mean nor the standard deviation (spread) should change very much. To change the spread in any
significant manner requires a change to the size of the sample, not the quantity of samples.

The randomly generated points all fit inside a square. The proportion of points landing inside the circle represents the
proportion of the square’s area occupied by the circle.

Question: 7.

Given the circle has a radius of 1 unit, determine the area of the square and the area of the circle according to the
mean of the sampling distribution.

The area of the square =2 x 2 = 4. The data provides a mean proportion of approximately 0.79 which means the
circle’s area is approximately 0.79 x 4 ~ 3.16.
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Extension

If 100 random points were generated it would be much harder, and more time consuming to count the points that fall
either inside or outside the circle. It is possible to get the calculator to count them automatically and keep a tally of the

results!

The first task is to generate more points. Use the FILL command to B 1: Actions b

populate cells A1 through to B100 with the formula: & Al
=2 rand() -1 X 4: Statistics P|2: Data Capture |
=1 5: Table » 5
4: Clear Data [T
2|-0.0657... |04 o, WB5|
310636638 0.45: List Math »p5|
4| -0.92158/-0. 7: List Operations » b5
_|8: Summary Plot T
2106013 [ 035" 0 ey Grapl S| 5
AI:SI‘ I l 4

Navigate to the top of column C. Enter the title for the list:

. :
dist O|A xp Byp c l?l)lSt _ Udata |y
This column will measure the distance between the origin and each —1'!t @ +yp” ]
: ; . 0.018698| 0.689627 1925
random point. Pythagoras’s theorem can be used to compute this
. , . 2 |-0.0657... [-0.9035.. 21725
distance. In the formula cell, immediately below the column label,
enter the formula: 3| 0.636638| 0.403742 17125
' 4 | -0.92158(-0.0798... 24725
= ’sz + yp2 Sl-nan12 [ n20ge4ae 1ap5 ¥
| distixp2 yp? | 4[>

All 100 distances will be automatically computed, even when the next
set of random points is generated. From here on each sample
contains 100 points.

Navigate to cell E1. This cell will count all the points that land inside

the circle. In cell E1 type the formula: ®|Byp Cdist |Pdata |E ‘;
= countif ( dist, ? < 1)/ dim(dist) = =7 02y
. -
The ‘countif’ command is common in most spreadsheet applications. = 0669627 0699881| 19125 im(aist)|
The formula counts the elements in the specified list (‘dist’) that ; ';)'9033754' (;zzzgj ?;/25
satisfy the condition ‘< 1". [ Use Ctrl + = for “<, >, <, >"]. Therefore z 4037421 0. e
. ) . ) -0.0798.. | 0.925036| 2425
all distances less than 1 will be counted, in other words all the points =
e _ _ . , 0.388848| 0.716096| 19725 =
inside the circle. The result is then divided by the number of points, 7] ~countir(aist, < 1)/dim(dist) O
the dimensions (dim) of the distance (dist) list. ‘
Press Ctrl + R a couple of times to observe the result. é
Ctrl + =for <, >, <, >" and [ for “?”
Select cell E1 then press: b *Sample some Pl  Rao {18
Ctrl + [Var] ®|Eyp Cdist |Pdata |E =
; = =V (xpr24
Store the calculation as:
til
S (Abbreviation for Sample) ' || 0689627 0.669881|  19125f%= Cou:un
The sample result will automatically be stored in “S”. 2 |/-0.9035.. | 0.90594| 21725
3 || 0.403742| 0.753867| 17125 e
) Sonunu‘f dist,><1)
i dim dist) a»
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Navigate to the formula bar in the data column. This column will now  [E5 1: Actions

be used to automatically capture the data. Press: E2: Insert PL_, i
1353: Data Pi1: Generate Sequence |—
[Menu] > Data > Capture > Automatic RSeS| 2: Data Capture o
“wQ@n . “12: Manual 3: Fil
Enter “S” for the requested variable. 4: Clear Data wd
B :
2]|-09035.. | Qe
:Random M—
4 || 0.403742| 0.6: List Math "o
4 [|-0.0798... | 0.47: List Operations »
5 8: Summary Plot L
0.388848| 0.1g, quick Graph ]
D| data Ik l 4

A warning message will appear advising you that all existing data will
be erased, press [Enter] to accept the message.

The data column will now contain just one sample result, the result Data Loss
from the current set of calculations.

Press Ctrl +R

This operation may ovelwrite data in the current
column(s). Do you wish to proceed?

What happens each time Ctrl + R is pressed? |cance
5 || 0.388848| 0.716096| 19725 I
D data:=captw‘e(s,1) l 4 l 4

If you would like to keep track of how many samples you have
generated, navigate to cell E2 and enter the formula: ®|Byp Cdist |D data
=dim(data) = =/ (xp"2 =capture(
1|-0.0782.. | 0.517905| 81/100|  77/100
2/-0.1031.. | 0.804359|  19/25|~dim(dat:
0.34838| 0.353422|  83/100
-0.0287... | 0.544839|  17/20

_ _ _ -0.1855.. | 0.214417| 19725 5
Continue pressing Ctrl + R until 100 samples have been generated, 72| Fdim(data) «]»

remember this is 100 samples each one representing the proportion
of 100 points that landed inside the circle!

m
b

Each time a new sample is generated the ‘countif command will
count how many points appear inside the circle, the result is
automatically captured and added to the data list. The dim command
then counts the number of entries in the data list.

n e w

Question: 8.

Return to the data and statistics application. This will now contain the data
for 100 samples, each of 100 points. Determine the mean of your sampling
distribution.

Answers will vary but should be close to 0.79

Question: 9.

Describe the spread of the results using words like ‘most'.

Visually, most of the sample proportions generally lie between 0.70 and
0.88. These ‘boundaries’ are a much closer than those identified in question
2 and more comparable, question 5.

Question: 10.

Compare the results from this sampling distribution and your original one where each sample consisted of 25 points.
Discuss the results and reflect upon your answer to question 6. Note that you can also continue generating samples
by pressing Ctrl + R and noting any changes to the mean or spread of the sampling distribution.

Generating lots of samples simply illustrates that the ‘sampling distribution’ is approximately normal (depending on a
number of conditions). The size of each sample affects the standard deviation of the sampling distribution.
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