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LEVEL

Senior high schools and first year of university after students have been introduced to
Statistics.

OBJECTIVES
To discuss interval estimation of population mean with the aid of a graphics calculator.

CORRESPONDING eActivity
INTERVAL.gle

OVERVIEW

Calculating the confidence interval is very informative as it provides a range of plausible
values for the population parameter being studied. In this paper our discussion shall be
on simple random sampling and finding the confidence intervals of the population mean
using the spreadsheet and statistics functions of the graphics calculator.

EXPLORATORY ACTIVITIES
[Note]
e We shall use small letter x, s instead of capital X, S as shown on the calculator
throughout the paper.
e The Ran# of the calculator generates pseudo-random numbers.

The confidence interval can be efficiently found with the graphics calculator where this
leaves us with more time to focus on the interpretation and analysis of the data.

Activity 1: Suppose a random sample of 64 sweets is selected and the mean mass of

these sweets is found to be 0.932 gram and the value of standard deviation s is 0.1 gram.
Find the 95% confidence interval for the population mean mass.
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Solution:
The sample mean is x =0.932, the sample standard deviation is s=0.1 and we also have

n=64.
As the population variance is unknown and the sample size is > 30, we can replace the

population variance o by s. Therefore the 95% confidence interval can be calculated as
follow, where z; 4,5 denotes the value such that P(|Z| < zg ,5) =0.95 where Z ~ N(0,1).

_ S _ S
X = Zy05 s X+ Zjps .
[ An An

We can find the same confidence interval at the graphics calculator. Open the eActivity
INTERVAL.gle, and then scroll down to open the LIST strip "Act1A”.

Lizt | |List @[List 3| List 4

Now tap (F1) (F1) (1-S) to enter the 1-sample Z interval menu. Key in the statistics
provided to the corresponding parameter and set data source to [Variable] as we are not
calculating the confidence interval using data from a sample (see below right.)

I-Zamrle Zlnterval I-Samrle ZInterwal
Lata tariable
C-Lewel 1@.95
g S|
X 18,932

Pressing [Ex§ would give us the lower (left) and upper (right) confidence limit as 0.9075
and 0.9565 correct to 4 decimal places.

In short the approximate 95% confidence interval for the mean mass of the sweets is
(0.9075, 0.9565), or 0.9075 < u < 0.9565. o
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In actual practice, often the sample size is constrained by many factors and therefore
sample size could be less than 30. When such small sample is taken from a normal
distribution with unknown variance, it is more appropriate to base the confidence interval
on a t-distribution.

Activity 2: Suppose that due to constraint of time, a random sample of 16 sweets is
chosen instead of 64 in Activity 1 above. The mass of each sweet, x gram is determined

and the measurements are summarized by > x =13.3 and sz =15.13. Assuming the

mean mass have a normal distribution, find the 95% confidence interval for the
population mean. State the confidence interval correct to 3 decimal places.

Solution:
Although the sample mean and sample variance are not provided here, they can be
calculated easily which we can do so at the Run strip "Act2A”.

I3.3+1s
@, 83125
HUIMEIDEL JotATIFATH

From the calculation we should find the sample mean x =0.83125 and sample variance

s2=0.271625 which in turn gives us s=0.52118, correct to 5 decimal places.
[Note] The sample variance is found by calculating

SR 1 (g ()

n(n—1) n—1

2
S

This confidence interval will be based on the tis-distribution, and the 95% confidence
interval can be calculated using

(7—c%,7+c%}.

Here c is the relevant percentage point for probability of p=0.975 and degrees of
freedom 15. The probability is 0.975 because the combined probability of 1-0.95=0.05 in
the two tails of the symmetric distribution implies 0.025 in the upper tail and hence
p=0.975.

We can find this same confidence interval at the graphics calculator. Open the LIST strip
“Act2B”. Now tap (F2) [F1) (1-S) to enter the 1-sample t interval menu. Set data
source to [Variable] and set [C-Level] to 0.95. Key in x =0.83125 we have calculated
just now, and as this confidence interval is based on a t-distribution, use s=0.52118 to
replace the unknown o (shown as xo,_; in the calculator.)
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1-SanFrle LInterwval
Lata EUaPiable

[Get [rar

Pressing should give us the lower and upper confidence limit as 0.554 and 1.109
respectively, correct to 3 decimal places.

1-Samrle LInterwal
Left =H.353232T5
Right=1. 1839722

x =H.33125

xdm-l =A.52118

4 =1&

In short the approximate 95% confidence interval for the mean mass of the population is
0.554 < n<1.109. o

In the following activity we look at using the spreadsheet to provide immediate feedback.

Suppose a company which produces sweets wants to find out the mean mass of the
sweets they produces such that that they can print this information on the wrapper. As
the factory produces 10,000 pieces of sweets per day, choosing a random sample is the
more feasible approach. You as the marketing manager decided to choose a random
sample of 40 sweets for this task and since nothing of this nature has happened before,
there is no information about the products (population.)

Activity 3: Use the graphics calculator to,

(a) Select a random sample of 40 pieces of sweets.

(b) Record the mass of each sweet and calculate the summary statistics of the data.
(c) Find the 99% confidence interval for the population mean.

Then, discuss about the mean mass of the population.

Solution:
(a) We begin by randomly select 40 numbers using the [Ran#] feature. Note that [Ran#]
outputs different ten-digit decimals at every tap which observes this inequality:

O<Ran# <1
When we multiply [Ran#] by 10000, we would have 0<10000xRan#<10000. If we call
out the [Int] function (tap (F2) in the Run strip "Act3A"), followed by the

expression of 10000xRan#, and add 1 to it, we should have an expression which
produces integers between 1 and 10,000 inclusive.
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2Tz
Int clBEEERand »+1
Int clBB88Rand >+1

T2

This expression can be duplicated in the spreadsheet mode. Open the Spreadsheet strip
“Act3B”. We leave the A column for later use and named the B column ‘Random’. To set
up ‘Random’ to generate 40 integers out of 1 to 10,000, tap (EDIT) followed by (F1)
(FILL). Then, enter the formula of “=Int(10000Ran#)+1" to [Formula] and set [Cell
Range] to B2:B41.

Fill
Formula i=Int C1AEA

E
ELET
1054
[[EEF]

ugia
=Inl. C1HEABRanE 2+1
FILEJEDITIDOEL JTH:E JEWl IS EXE FILL JEATI I [

Having randomly generated the 40 numbers, we save these numbers to [Listl] before
recalling the same set of numbers to the column of C. At the column we shall sort the
numbers in ascending order and check for any repeating number. First, tap once to
return to the main spreadsheet menu.

Go to cell B2, tap (CLIP) then scroll down till cell B41. With cell B2:B41 selected,
tap (F3) (STO) and followed by (F2) and to store these numbers into [List1].

Store In Lish Memorw
Cell RanaeiB2iB41

EXE

Press to return to the main spreadsheet menu and named the C column as ‘Sample’
then go to the first empty cell of the "Sample” column, tap (F1) to paste the entries of
[List1].

A E i

| I (FTEE = amE e
2 EETT

ERT
syuz

?m Ci=T Fem

EERE]

"Samrle
FILEJEDITIOEL JIH: ] W ExE LISTIFILEJMAT,
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To sort ‘Sample” column, again use to highlight cell C2 till cell C41 and sort the
column with (F2) (SRT.A), then explore and check for repeating number.

[ E
[ Jrinden
3019

C 1]
FAmEple

=% 15)
FILEJEDITJOEL JIH:= JIAny IR

The list has no repeating number and therefore we have selected a random sample of 40
sweets. So the first sweet to be weighed is the 207" sweet out of production, the second
sweet to be weighed is the 268™ and so on (view the ‘Sample’ column in “Act3B".)

(b) To begin recording the mass of the sample, we create a column called *Mass’ to store
the data of the sweets mass. When the production begins we collect the mass of the 207",
268™, 3415 .9437" and 9768™ sweets produced and key in the masses accordingly.
Assume the partial data shown here, in gram, are actual data recorded (explore the
‘Mass’ column in “"Act3B”.)

IMT H

E C 1] m E C
| I Miss | M
C 3830 () IEu2] 207] Bl

To have a sense of the sample, we can calculate the summary statistics. While still in the
menu as displayed in the screenshots above, tap (F2) (CALC) and tap to set the
calculator to find summary statistics of the data recorded in cell D2 to D41.

I E C ] ~ WCellil2iDdl
| r~ Fresa i
e IR 6.1 #CelliAliAS
368 AE YCelliBliBS
ETT] .13 Frea i1
GUO| B.09
g.11

AT RE: )

Then by tapping (F1) to select [1 VAR] we get the summary statistics of the sample.

1-Uarizable

i =8.05125

2 =327, 85

Lx?  =2592.95
wdin  =H.B3I85169
won-1 =H. B3428294
g] =4i

Note that we have x =8.05125 and xo,_; =0.03428294.

(c) We can improvise the spreadsheet concerned to calculate the confidence limit and
thus the confidence interval of the sweets mean mass. For this activity we set up the A
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column for the normal and t distribution percentage points as in the screenshot below left.
We also arrange for the spreadsheet to use the appropriate percentage point (see cell F2
below) based on the sample size entered. The general rule of thumb is to regard a sample
of 30 data as large, and the percentage point is based on standard normal distribution.

EU0| B.09
"Hormal
FILEJEDITIDOEL JTH:E JEWl IS

FILEJEDITIDEL JIHE J o Il

In a real life situation as with this activity, the variance ¢ is seldom known. When this
happens we use the sample standard deviation s to replace o, irrespective of the
sample size. Then the confidence interval is calculated as follow, where p is the
appropriate percentage point.

With this in mind the expressions to find the lower and upper confidence limits are
entered, in this case, into cells E4 and F4 as follow.

EREOK

=i— [ (F1
FILE EIZIIT [I]EI::LRI [

-
—

FILE [EBI_-:LR [

Note that x at present stores the value of 8.05125, and xon -1 is 0.03428294 when we
calculate the summary statistics for the mean mass just now. Also, we entered both x
and xon -1 of cells E4 and F4 with the catalog (tap @.)

For this activity the sample size (40) is considered large and hence the sample mean is
taken to have a normal distribution. From a standard normal distribution table we have
the percentage point which corresponds to 99% confidence level as 2.576.

3 b

E C 3 F

| : CFES : Sizks ug ] Eizes un
‘EE] 201 u u Foitit=] 2.51E] 2 N Feitit=] 2.576
T . F TS N [T
3ul . . ME] 8. 0312
EUD =09
2. aTE
s |II-LF: | L |I:-L|T |III:IF"|' |GELL JUMESSER

Since the sample mean is considered to have normal distribution, we entered the value of
2.576 to the cell A2, followed by the sample size of 40. As observed the lower and upper
confidence limits are 8.0372 and 8.0652 respectively, which means that the 99%
confidence interval for the population mean mass is (8.0372, 8.0652).
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There is a 99% chance the population mean mass lies in the interval above. The company
could state the sweet mass as 8.05g, correct to 2 decimal places, on the wrapper. o

Apparently the quicker way to find the confidence interval of Activity 3 is by using the
[INTR] function at Statistics mode, as seen in Activity 1, where firstly, we store the data
at cell D2 to D41 to say [List2]. Then, tap (5] to switch to the [List Editor] window.

Slore In Lizlt Memor: T . a = Ligt | Lzt B8] List 3] List U
Cell Range:l2ibd]l Table Editar TE] LE
Conics Grarh k= ITHEEE .11
Conics Editor 2| 5052| B.13
Stat Grarh H 3| Iuus| B.13
1=t Ecitar - u| 3885| B.09
1 ===
EXE T [GRPHACALCATESTITHTRI0 S ]IS

Tap (F1) (F1) (1-S) to enter the 1-sample Z interval menu. Set data source to [List2],
where the data is stored, then set [C-Level] to 0.99. As variance is unknown, we use
$=0.03428294 as an approximation of ¢ (shown as xo,_; in the calculator.) The

confidence interval should be same as the one found in Activity 3.

1-Samrle ZInterwal I-Samrle Zlnterwal
Cata iList Left =5.83720744
Q.99 Right=8.853521256
PO, HE428294 x =8. 82125
xan-l =El.al33428294
r‘l =

Finding the confidence interval using the above method is very much faster but a properly
created spreadsheet is more interactive, versatile and flexible. Moreover, the data and
key information are available for viewing at the same window.

EXERCISES

Exercise 1
The random variable Y has a normal distribution with mean p and unknown variance. A

random sample of 200 observations of Y gives Z y =541.2, Zyz =1831.42. Find
(i) @ 90% confidence interval for u, and (ii) a 98% confidence interval for pn.

Exercise 2
Redo Activity 3 but select a random sample of 18 only.

SOLUTIONS to EXERCISES

Exercise 1
The sample mean and s can be calculated easily at the Run strip "Ex1A”".

TTHE
541,22
oTE]

;[ _
199 1231.42

© 2005 CASIO Computer Co., LTD. All Right Reserved. S06-02 - 8 -



Confidence Interval for Population Mean

We should get the sample mean x =2.7060 and s=1.3579.

1-SanFrle ZInterwval

[at.a tllariable

F 12) 706

r 1 Z2EE

Sawve ResiMone 4

1-SanFle ZInterwval
Left =Z2.48262865
Right=2.32937134

x =2. THE

r

=506

Using the LIST strip "Ex1B"” we should find the 90% confidence interval for p as (2.548,
2.864) and the 98% confidence interval for p as (2.483, 2.929), correct to 3 decimal
places. o

Exercise 2

With the sample size of 18, it is more appropriate to base the confidence interval on the
t;7-distribution. From the table we should have the percentage point for degree of
freedom of 17 and probability of 0.995 as 2.898. You should try creating a spreadsheet
similar to the one in Activity 3 to solve the problem but for the discussion of this solution
we used the spreadsheet at Activity 3 and input the new percentage point and the new
sample size.

[zr7 I E C
| ITSME ERERT EETET: [
| 2.516] U] N

The 99% confidence interval for the population mean should be (8.0278, 8.0746). o
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