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ROUND-OFF RULE FOR SAMPLE SIZE n

If the (DW\DMQ(}\ sample size 1\ is Y\D’\r \'3(\&0\ n\mw , round
the value of h w& to the next R !M (;& WhO\Q/ ﬂW(Y\@U

Example 4: A researcher wants to estimate the mean grade point average of all current college students
in the United States. She has developed a procedure to standardize scores from colleges using
something other than a scale from 0 and 4. How many grade point averages must be obtained so that the
sample mean is within 0.1 of the population mean. Assume that a 90% confidence level is desired. Also
assume that a pilot study showed that the population standard deviation is estimated to be 0.88.

X = 0‘\0?0 | - %A Y\ ~
4 = 0. N E
°</11 0.0S

4G 45 048\
o2 LS | o1 O
= 033 O,\
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7.4 ESTIMATING A POPULATION MEAN: SIGMA NOT KNOWN
I s section, e present methods for aﬁﬁm&ﬁm : oom»Qqﬁ o
aaNTINAN when the population S)WM\O\(N( A d@\/ tﬂhé\/\
G isnotknown with @ unknown, we use the SWA‘QN\)Y JC
O\\SW\\D U&\O‘f\ nstead of a_ N N d\ij m \O\Eﬁoﬂ
assuming the relevant ____ (€ Qo\ M\(QW\Q)(\J(S are satisfied. The (”\Mdmjf
h d\\S ’\’( \&)\/&\’\ O\(\ was developed by William Gosset (1:76-1937). William

Gosset was a Guinness Brewery employee. He needed a distribution that could be used with small

a\low)

N
samples. The brewery where he worked did not the publication of research results so he

published under the pseudonym * S’S'uv | ”. In real circumstances,
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SS is typically U\(\\/\‘(\ 0\9‘(\, which makes the methods of this section

(QN \5){\ U and (\)(O&//\)\ QQQ\

POINT ESTIMATE

The SO\W\Q\Q/ W\Q.Q\!(\ ;(ﬁ is an W(Q@Qd\ estimator of the
Wano 0N M

STUDENT t DISTRIBUTION

If a population has a V\O(W\O\\ distribution, then the distribution

sa_Shudgnt t didtlonin e
all samples of size {\ . Z}&!A@[{ 55 L (* lgﬂ lkzlA \ |(F\_is referred toas a
t d ( S \OV&JY O\ Becausewe_AD V\O/\\ know the value of the
pepullahion  Standard deviakion ¢
L5 hW\O\X“& it with the value of the SO\‘(Y\O\ %ﬂd@fm
/7\ (VA O&Sﬂ LA\ § . but this mtroduces another source of [M\W W\hﬂ\

especially with ﬁm\ ;(AW g‘ )&QS— . In order to maintain a desired
Contidonc el

, we compensate for this additional unreliability by

making the (,O‘(\XY\ (XQX\ Q \QW\/G\\ U*)\ M : we use
Cﬂ\/\ CU& \/ Q\\AQQ t"(/l that are W@M than the

C (\\T ol vodies of Z&/L from the YO( W\QQ/

A 5H lb\/\hm AL h\:\ C Al \/O\Q\Ub of t:"(/f" can be found
using )W@\(\(\O\OB\:) or Tabl@ A'\?) .
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DEFINITION

The number of degrees of freedom for a collection of g (M[ S%!\ d(&}& is

the | \,U(Y\\OQ/( of SO\VY\E) \e/ \[O\Ql Q0 that can

after certain restrictions have been W\[\\?O%, on all data values. The number of
AAAL (¢ L of 5"(&0\8’!\(\ is often abbreviated as AJC :
{

For example: 1T 10 students have quiz scores with a mean of 80, we can freely assign values to the first

0\ scores, but the \0 xA‘\, score is then M@( MGA . The

6 W(V\ of the 10 scores must be %Q) so the l{)'H(\/ score must be
%QO M\\(\(Kg the SWY\ of the (Qlﬁ O] scores.

Because the first 9 scores can be WQ‘QQ selected to any values, we say there

are dgg@@ v Aaadom

O\_\/O\A, 0‘90\»@ . For the applications of this section, the number of degrees of

freedom is simply the SO\W\\D\QJ S\ %—Q/ W\W\U\ﬂ :L

Example 1: A sample size of 21 is a simple random sample selected from a normally distributed

population. Find the critical value ta/z corresponding to a 95% confidence level.

n="1\

1-1=10 t =t
0\%0kﬁ OO\g o‘gv)d/l ’)/0}0,0?5

. Ofb
o = 89 - .0%6
ch\\ﬂ,)/
007’ Wﬁt
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PROCEDURE FOR CONSTRUCTING A CONFIDENCE INTERVAL.FQR 4 WITH UNKNOWN O .
! ' "
1. Verify that the (Q%SM(Q Al}(ﬂb(jkg are .
2. using_(\=\ 0\0,@(2% of %@1&0{“ , refer to table
A’)? or use XLﬁY\‘(\O 03% to find the (X \’\’\LQ\

\/O\\\}‘Qz J(/ ‘ 4; ,,  that corresponds to the desired W\%JM\QQ/
_/Q.Q/\/QQ . For the C«On'F &Qfl\ QQ)\/&

refer to the - NCl- n o0 dal o Leen
3. Evaluate the (Y\O\(O\\ A of_Q((0( iﬁ 1;o\f,o(/ L %
4. Using the value of the C&QCMQO\ WNaG0 of 20"
E and the value of the SAY\P e W\Qmu X , find the values

of the CD(Y? &K(\‘Q Wefval QVL/VWJ@

, N and 7( * E/ . Substitute those values in the @Q(\QXO&

/EO(MO% for the Cpﬂ%&a‘(\@/ L(\’\Y\\@(\[&“Q

5. Round the resulting values by using the following round-off rule.

ROUND-OFF RULE FOR CONFIDENCE INTERVALS USED TO ESTIMATE H

1. When using the O(\\ O\“\\ﬂlO@v. set of d&@\ to CO(\SH WC%K
a confidence \\(\%U(%OKQ\ , round the (O‘(\% d\QN\& lﬂ%ﬂv@g»
ij/W)\ \(6 to @T\Q (Y\O(Q, dOdW\(&" place than is used for
the O(\\(ﬁ\\ ‘(\&9\ set of data.
2. When the OﬂO\\ V\09~ set of data is N\\(J(\OVO l/\/ and only the
k/ &y — N
SW(Y\W\O\R)\ gmk%c’g ( X;S/Y\ ) are used, round the (QY\Q \A\Qﬂ@—

\{\X/Qf\f@fl/ limits to the same number of digits as the QQW\P lQ/ mean.
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Example 2: In a study designed to test the effectiveness of acupuncture for treating migraine, 142
subjects were treated with acupuncture and 80 subjects were given a sham treatment. The numbers of
migraine attacks for the acupuncture treatment group had a mean of 1.8 and a standard deviation of 1.4.
The numbers of migraine attacks for the sham treatment group had a mean of 1.6 and a standard

deviation of 1.2.

a. Construct a 95% confidence interval estimate of the mean number of migraine attacks for those

treated with acupuncture.

=L, 45,2

ak
34\]’\
|- ck"()ﬁg

0.05
txqolg

= 1t

—

M\l O,O’LS {50)0.01@

|9
~ 0154

Y-E4 ML XFE
l%ﬂl%LMAQ%OﬁS
\kb<m<iﬂ

b. Construct a 95% confidence interval estimate of the mean number 01\‘ migraine attacks for those

given a sham treatment.

n= 80 45214 £

AL
)
I'O(c 0,0\6
20,0
0(/,LM 0 0/2/6

c. Compare the two confidence intervals. What do the results suggest about

acupuncture?

|

M, 035

t%a 0.015

= (Mo

9

L

~EAMENFE
N REAT 0. U]

.}

dhe effectiveness of‘ut
Yan:zgrer

Am‘)\mdmm Ao WW% be_an Srache. }WM
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IMPORTANT PROPERTIES OF THE STUDENT t DISTRIBUTION

1. The Student t distribution is d\ %%JC(\A’T for different S”\mp\é
5120

2. The Student tdistribution has the 5“”39: general C/ b'eQQJW—

\
as the QW\AW(}V Y\n( WOQ« distribution, but it reflects the greater

{ ?
\/0\(\&\0 \\ (with w\o\af distributions) that is expected of

Swold, 3 anles
U (justasthe qﬂMﬂf &/

3. The Student tdistribution has a mean of
W(W\Q\Q/ distribution has a mean of O ).
\ t
4. The standard M[(A&\O‘(\ of the Student t distribution H@(W’) with the
So\mO\ size, but is 8(@*02( than L (unlike the
S)YO\’(\()\QJF &/ {\OM distribution, which has " 2 \ )
5. As the SO\W\D\U S\?;Q/ \(\(}(Q@,&@O , the Student t

\
distribution gets C/\M to the S&W\&O\(d‘/ “\(W\\[‘{_DQ/
LS oo

0.40

0.35}

0.30}

0.25}

§0.20-

0.15}

0.10}

0.05}
0.00
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CHOOSING THE APPROPRIATE DISTRIBUTION

Itis somet{imes difficult to decide whether to use the Q’\m\O\N& no(mQQ,
n\J.SJKr\\Om O\r\\ or the SJCV@(N\(\’/ t
4 \44({ \\)\K\?f\\/

METHOD CONDITIONS

Nn

Use normal (z) distribution o H’\O\OY\ and L OULIYRMY (A
distributed population J
or
O known and r\ > %

Use t distribution o oW and
AN 4\ distributed population
or
o ﬂDt W‘(\/ and

n>20 |

Use a nonparametric method or bootstrapping Population,{ mT

(\O(W\G@M distributed and
N

Example 3: Choosing distributions. You plan to construct a confidence interval for the population mean
M . Use the given data to determine whether the margin of error E should be calculated using a critical

value of 26/2 from the normal distribution, tg/z from a t distribution, or neither (methods of this
chapter cannot be used).

a. N=7,X=80, S=8, and the d N=13, X=5 0=3 andthe
population has a very skewed distribution population has a normal distribution
t
(\mﬂ\ﬂ( 7
A h
b. n :150, Y - 23 , and
the population has a skeweddistribution
%o(/L e. n :92, Y:207, S:2.5, and the
population has a skewed distribution
C. nzlo,yz65,S:12,andthe t
population has a normal distribution O(

h
t"‘/?,
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FINDING A POINT ESTIMATE AND E FROM A CONFIDENCE INTERVAL

/\

Q”\W\D\ MN4an s the value _{Y) duwad
between the Coﬁg‘ l AOJ\(\(‘O \f\&’QJ( vodl_ /QVY\QT/
he _\W () “\ of _ QX E is 00\a W\g’ the
dl% g LeJQJ(\CQ— between those \\W\\JYS

Pomt estimate of U : Margin of error: . s
¥ = Upper O3 i w’f M\W\\’V ~Qovar (T i}
1

USING CONFIDENCE INTERVALS TO DESCRIBE, EXPLORE, OR COMPARE DATA
In some cases, we might use a (0(\’31'\ M& ( (\*Q.(\/OQ/ to achieve an ultimate
goal of QthO%\‘\?\j the \fG\Ql/\Q/ of a DOOUQ&%\OV\
‘OO\{O\MM . In other cases, (. O‘(\%C&QJ(\CQ\ lf\fef\/G\Q/Q
might be among the different ’\609)0 used to dQSC\ﬂ»)Q/
( XO\O(& , or C()W\DOK&- data sets. When two or more data sets have
=% :
0\[@ \(11‘(\)%)\)‘(?‘\) confidence intervals, one could OOSS 'b‘\)\

conclude that there does not appear to be a significant difference between the estimated

20NS

T%ntgraa{ —
T1-83/84 PLUS 1,8
Sxilsd /\/
D Cuae  fap g ¥
J12=SamplTest...
4:2=SanrTTest.. Tinter TInterval (/
25 %’E?S?ﬁgét"' (1153??’2 .8323) £1,335:1.867)
. e - S =1.
?:%Interval it e i (

BT Interval “\‘
[ | (}/O
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Example 4: In a sample of seven cars, each car was tested for nitrogen-oxide emissions (in grams per

mile) and the following results were obtained: 0.06, 0.11, 0.16, 0.15, 0.14, 0.08, 0.15 (based on data from
the EPA).

a. Assuming that this sample is representative of the cars in use, construct a 98% confidence ﬁ
interval estimate of the mean amount of itrogen-oxide emissions for all cars.

1 r Stats

Sx=.08389138242
ax=. 0360272006

57 00 5615 < 0-1o]

b. If the EPA requires that nitrogen-oxide emissions be less than 0.165 g/mi, can we safely conclude
that this requirement is being met?

Example 5: Listed below are 12 lengths (in minutes) of randomly selected movies from Data Set 9 in
Appendix B.

110 96 125 94 132 120 136 154 149 94 119 132

a. Construct a 99% confidence interval estimate of the mean length of all movies.

b. Assuming that it takes 30 minutes to empty a theater after a movie, clean it, allow time for the
next audience to enter, and show previews, what is the minimum time that a theater manager

should plan between start times of movies, assuming that this time will be sufficient for typical
movies?
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