° ™ Grade level: 9-12
T I - nsp , r e Subject: Statistics

Time required: 45 to 90 minutes

Are You Confident?
by — Dennis Ivany

Activity overview

Problem 1 - A Brief Review of the Normal Distribution. This is intended as a review only, and students
should have had significant prior exposure to the concepts presented.

Problem 2 develops the meaning of a confidence interval. Included are some opportunities for students to
visually explore confidence intervals. A sampling distribution of the sample mean for a known population
is created and students can drag line segments representing 95%, 90%, and 99% intervals to center
them over various sample means for the population, thus getting a feel for when an interval captures the
population mean.

Concepts

Normal Distribution

Random Sampling

Sampling Distribution of the Sample Mean
Confidence Intervals

Teacher preparation

It might be helpful for teachers to replicate the activity by placing a drawing of the sampling distribution of
the sample mean for problem 2 on the wall. Sample means can be generated on the TI-Nspire using the
mean(randNorm( command. Dots can be placed on sticky notes and placed on the sampling distribution
of the sample mean, then string of appropriate length for each confidence interval can be centered over
the sample means to see whether they capture the population mean.

Classroom management tips

Itis best if students are familiar with the normal distribution prior to beginning problem 2. This would
usually be accomplished in a prior course. The material in problem 1 is presented only as a refresher.

TI-Nspire Applications
Graphs and Geometry
Notes

Lists and Spreadsheets
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Are you confident?
by: Dennis Ivany

Grade level: secondary
Subject: Statistics

Time required: 45 to 90 minutes

Materials: TI-Nspire

Step-by-step directions

Open the document stats_Confint_lvany.

Use } to move between slides.

Read the first four slides.

PRAD AUTO REAL u

Are You Confident?

An Introduction to Confidence intervals

12] PRAD AUTO REAL ]

Would you like to be able to predict how
marty students in your community like a
new video game or @ new song?

How about predicting something like the
average arm span for all sixteen year olds
in Canada®?

{ PRAD AUTO REAL

]

L ’ , =
Statisticians are often interested in

making predictions about what might l

il

happen or about certain characteristics of
a population.

Usually, the populations are too large to
survey, so they make predictions about
the population based on a manageable
sample.
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Statisticians are often interasted in

making predictions about what might l

il

happen or about certain characteristics of
a population.

Usually, the populations are too large to
survey, so they make predictions about
the population based on a manageable
sample.
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TEXAS by: Dennis Ivany
Grade level: secondary

Subject: Statistics

Time required: 45 to 90 minutes

Materials: TI-Nspire

The remaining slides up to 1.18 are intended as a refresher of :ﬁmbmo AUTO REAL 7
the normal distribution. If you do not need them, go to slide 2.1 |
under Problem 2.
{optional)
< DRAD AUTO REAL 7]
<« 68%&»
u—lo utlo

In a normal distribution, about 8% of the
data lies within 1 standard deviation of
the population mean.

95%

) (| €] Com— >

|
=3 | utio
i

standard deviations of the population
mean [actually, it's closer to 1.96 than 2,
but we'll use 2 for simplicity).

. e =

About 95% of the data lies within about 2 !
ol

m

«— 99.7% ——

3

w—3c | ut+aic

99.7% of the data lies within about 2
standard deviations of the population

meEAn

€] Com— ]
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A summary of common intervals on a normal distribution. imw@ AUTO REAL 7]

«— 99.7% —— ]

95%
<« 6H%>

:z—'20 ' ‘  wtio

Summary Diagram

Have students write down the mean and standard deviation W'R“D AUTO REAL B
before proceeding to the next slide.

Mowy, let's apply this to a problem
involving shoe sizes among the
Canadian men. Let's assume we know
that the mean shoe size is 10, with a
standard deviation of 1.5. We can label
our normal distribution as follows:

The answer for the question will be found on the next slide. iﬂbRﬁD AUTO REAL 7
— 99.7% — |
9596
|«— 6B
L
55 7 85 ‘ N 13 155
x=10

What percent of the students had
a shoe size between 7 & 13, f.e. within fwe
standard deviations of the population mean?

Type your answer by the question. :ﬁmw@ AUTO REAL ]

- Questicn
. ~
Press to move to the Answer line and press

to see the answer.

What percent of the students had a shoe
size between 7 and 13, i.e. within two
standard deviations of the population
mean?

>

Answer
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A repeat of the earlier diagram to help you with the questions A3 3 [FEfE]* R0 AuTO REAL 7]
on the next slide.

o _ 99.7% —
9596
|«—68%‘+
|
55 7 85 ‘ NB 15.5
u=10

, ) < PRAD AUTO REAL m
Press to move to the Answer line and press enterJ to

H
see the answer. Question

What percent of the students had shoe
sizes between:

A)8.5and 11.57
B)8.5 and 15.57
Answer A
Students should take note by copying the information on slides iﬁw@ AUTO REAL 7
1.16 and 1.17 into their notes. |

Some other useful intervals:

1 1.16 |PRAD AUTO REAL i

90%

Nl

w-l645c ¥ utl65c

90% of the data lies within 1.845 standard
deviations of the population mean.
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:ﬁmimo AUTO REAL 7]
Q9%
|
|
B
u—2.560 w250

99% of the data lies within 2.56 standard
deviations of the population mean.

1.18|PRAD AUTO REAL i

‘A

These two intervals will be useful in
our next lesson, Confidence infenvals.

Go to Problem 2.

This is where the introduction to confidence intervals really immm AUTO REAL ]
begins.

. ;
Students read the notes on slides 2.2 through 2.5. Eﬁ»mg AUTO REAL

estimation. For example, if you were
asked, "About how many students are
there in Canada?" yvou might say,

ke el three
million." You did not say ane pamcular
number — instead, you gave a range that
you hoped included the actual number.

Thatis much like a confidence interval.

]
=
we all often make a best guess using ‘
™
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Materials: TI-Nspire

Putting the problem in context.

1 PRAD AUTO REAL

very informal and itis hard to know
whether you were even close.

Statisticians use a formal process that
involves taking a sample from the
population and then making a guess
based on a formula. we'll try to see a
picture of the process instead.

|

A , , =]

hhe problem with wour guess is that it was l
]

m

Az an example, let's pretend that the
government knows the average shoes size
of Canadian menis size 10, with
standard deviation of 1.5.

We will assume these shoe sizes are
normally distributed.

2.5 PRAD AUTO REAL 7]

!

MNarmal Distribution af Canadian Men
Shoe Sizes

7 B5 10 115 13

[EEEE]EE 25 PRAD AUTO REAL ]

Now let's also pretend that the
government will not tell aryone what they
know, butyou need to know becalse you
own a shoe store and you want to decide
onwhat range of sizes to order.

Remember, you want to make money so
you want to buy the most popular range of
sizes.
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Write down this sample mean.

Your sample mean plotted in relation to the actual population.

Your competitor's sample mean.

In this case, both sample means are pretty close to the

population mean.

men. Let's see what their mean shoe size
came oLt to be:

Sample Mean = 9.9

This is close to the actual mean shoe size

|
A =]

You hire a company to take a random
sample of the shoe sizes of 40 Canadian l
I
m

1 PRAD AUTO REAL

Mormeal Distribution of Canadian Men

Shoe Sizes
/%?}Sézmpfe mean 9.9

o

7 B5 10 115 13

Neanwhile, another shoe store owner
hires the company to do another randorm

sample of 40 Canadian men:

Sample Mean = 3.5

1 2.10|PRAD AUTO REAL i

Papuiation Mean

e

Your Sample
' =]
Competitor's /\ mean & 9.9
Sample mean =95 e

©2008 Texas Instruments Incorporated

Page 8



» Texas

Are you confident?
by: Dennis Ivany

Grade level: secondary
Subject: Statistics

Time required: 45 to 90 minutes
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Scrolling down through this spreadsheet will reveal the sample
means from the 100 stores.

Notice how this dot plot is shaped much like a normal
distribution.

4 2.11 |PRAD AUTO REAL i

For some strange reason, shoe stores

keep hiring the company to sample 40

Canadian men shoe sizes. In total, 100
store owners (including vou) do this.

The 100 Sample Means are shown in the
column "sample.means" on the next

page.

< [2.12PRAD AUTO REAL m

-sample...- = = = g

=c

I} |

9.46548 i
9.49254
9.52016 A
9.55363

9.5609
A7 |2.465475254

1 2.13|PRAD AUTO REAL i

The next page shows the sample means
as a dot plot tightly clustered around the
population mean shoe size of 10.

4 2.14 |PRAD AUTO REAL i

L
.

. . —
7.5 8.5 9.5 105 115 125

4
o
T

sample.means
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4 2.15 PRAD AUTO REAL 7]

The next page shows a histogram of the
sample means.

Motice that is centered on the population
mean shoe size of 10.

B

nl'ﬂn
1

6] ‘
0 y T

T T T T T T T T
75 85 9.5 105 11.5 125 13.5
sample.means

_ ] :ﬁmmﬂ@ AUTO REAL i
Press to move to the Answer line and press enterJ to

uestion
see the answer. Q

Count
o
|

which best describes the shape of the
histogram?

A Uniform  B) Bell

Answer

1 2.18|PRAD AUTO REAL i

Statisticians have determined that if we
were able to repeat the sampling process
an infinite number of times, the
distribution of sample means would itself
be normally distributed!

>

Sowhat?
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4 2.19|PRAD AUTO REAL i
¥

This curve
appraamates
the shape af
the histagram.

.5 13.97

L 2.20[PRAD AUTO REAL 7]

¥

itz standard deviation
is smaller than that af
the ariginal papulation
af shoe sizes, but...

JAAN

5 13.92

1 2.21 |PRAD AUTO REAL i

¥

AL you take the
popilation standard
deviation and dihvide it
by the square root

sample size, in this case
1.5

E, then...

10

{EES|ESEE] = 2] R0 AUTO REAL o]

¥

you get the

standard deviation of
the distribution of
sample mearns.

L5
—= w024
J40
10

4
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Note: The height of a point above the x-axis has no relevance
and has been randomly assigned.

4 2.23|PRAD AUTO REAL

distribution

The scale on the horizontal axis has been
changed to magnify the view of the

of sample means.

:
P i
_;—4&.:“ ‘l-l

L 2.24PRAD AUTO REAL

Abour 95%
.‘_cf_sémpz’e mec\ms_,.

10-3c 10 10420
= 10-2{0.24) = 10+2(0.24)

i1

9.52

1 2.25PRAD AUTO REAL

Abant 95%

.(_oﬁsémp!e e 311().48

10

Mast sample means e in the
interval, but about 5% do notl

11

4 2.26 |[PRAD AUTO REAL

In the real world, though, we can only
take one sample. How do we make
predictions based on one sample?
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Subject: Statistics

Time required: 45 to 90 minutes

Materials: TI-Nspire

Place the hand on the line segment or on the open circle then

press @ and drag the line segment around.

Center it over a sample mean. Is the population mean of 10
captured within the interval between the lower and upper
bounds of the line segment? Try to find all the sample means
where the interval does NOT capture the population mean.

]
Press to move to the Answer line and press to

see the answer.

4 227 [PRAD AUTO REAL

E
hhe idea is to guess ata range of
possible values for the population mean I
I
m

rather than one number for its value.

On the next page, click and drag the small
hollow circle and center it over a sample
mean. Do this a number of times, each
tirme noting whetherthe inferval from
lower to upper Bounds captures the

L 2.28PRAD AUTO REAL

sample_mean
9.86
fovwer
upper
2.3 10.34
9 17
Question

If you were to move the interval and
center it over each of the sample
means, about how many of these
intervals would capture the population
mean’?

w
Answer w

1 2.30(PRAD AUTO REAL
Ummary:

A) The distribution of sample means
has a standard deviation

approximataly equal to f_’ where Jgis
N

the standard deviation of the ariginal

population and 7 is the sample

size. In the example, this calculation
1.5

e > | [l | |

Wine ——— 24
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=]
B) About 95 of every 100 [or 95% of
therm Jsample means was within 2 of }
I
m

these standard deviations from the
population mean.

C) If we construct a segment that
stretches from 2 standard
deviations below the meanto 2
standard deviations above, we

L 232 [PRAD AUTO REAL

D) We can expect that about 95 of
avery 100 intervals will capture the
population mean.

WPRAD AUTO REAL 7]

Experimenting with other Intervals

4 2.34 |PRAD AUTO REAL i

lﬂ\ 90% interval is not as long as the 95%
interval for the same sample size from the
same population, and so we would have
less confidence in how often it captures
the population mean.

Experiment with the 90% interval for our
shoe size example on the next page.
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Notice how the 90% interval is shorter. We can expect that
fewer intervals will capture the population mean than when we
used 95% intervals.

Again, drag the line segment around. Take note of the locations
where the interval does not capture the population mean.

The 99% interval is longer. It should capture the population
mean when centered on 99 of every 100 sample means.

4 2.35 |PRAD AUTO REAL i

W% Canfidence Intervals

Sample_Mean

10.4759 upper
10.87

Sl

4 2,36 | FAD AUTO REAL i

lever
9.3181

Q9% Confidence intervals
smple_mean
9.92532

upper
10,5325

11

Assessment and evaluation
e Journal entry explaining what a confidence interval is.

e Use an “exit slip” — ask students to identify one or two key points they really understood or are still
confused about. Each student must write about her/his key points on a slip of paper, or a form
provided by the teacher, and pass it in before permission is granted to leave the classroom for the

day.

e Have each student find ten of the 95% confidence intervals in the activity (each student should
determine her/his own particular ten and not deliberately try to use the same 10 as someone else),
and write down the number of intervals that capture the population mean. Have the class find the
average number intervals that capture the population mean. What percent of the time does an interval
capture the population mean? (The answer should be close to 95%).
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