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Probablllty and Statistics Unit 7 Guided Notes
7.1: Correladion

This chapter talks about ¢ lod io,qslx},(xg between variables that are measured on Q
the same individuals. '

Terms to know:
1. Response variable: (y) The ({o,ﬁmépﬂfﬁ' variable in the study that measures
the outcomes.

2. Explanatory variable: (x) The |/ f 4,(] N 5@ 2 -F variable that influences
change in the response variable.

Example 1: For each 51tuat10n decide which variable is the explanatory and which is the y

T explanstory (adip, %) > response (dep) Lot

b) The amount of saturated fat in a person’s diet and that person’s weight. _
] )

5”/" expls Wf,ﬂﬂ) 6(7 /75/”‘5'3 /ﬁ’}‘y

c) The yield of a crop and the amount of yearly rair ramfall
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When examining the relatlonshxp of varlables use the following principles:
e Plot the data (and find numerical summaries)
e Look for overall patterns and deviations from these patterns

e If'the pattern is regular, use a mathematical model to describe it.

REVIER) Term
To display the relationship between two quantitative variables, usea _5¢ Q’H€I /0 ot

e Put the explanatory variable on the x-axis.
e Put the response variable on the y-axis.
o If the relationship cannot be determined, you may choose which variable goes where.

response. 160 .
a) Number of hours studying for an exam and the grade on the exam.. 50 “ S
)’

Example 2: Createascattclalr plot of the data shown. ,Oﬁ—‘! EHNETES -
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On the calculator... it
‘ Keystroke Comments il
STAT, EDIT Putin L1 and L2
2 STATPLOT Make sure the plot is
ON
Choose the scatter plot
icon
ZOOM 9 To fit your data

Types of Correlation:
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Correlation Coefficient (r): a numerical value used to measure the ,ﬁf_ﬂn_%i___———-—
and _ A rection of linear relationships between 2 quantitative variables.
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where X; and ) are individual values,@ is the # of individuals- )

(Note: we are using s to describe standard deviation because we are not using a
population distribution, but are instead using sample data.)
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Do you see the similarity with the standardization process for finding z-scores?

;A |

r is the AVERAGE of the products of the x and y standardized values.

Important facts about the correlation coefficient (r):
1. r will not change if we switch X and h

2. Both variables must be quantitative (duh!)
3. -1<r<1 (always!) pes e o
= L —\f ;-
4.'If r =1 or r = -1, then the relationship is perfectly linear. '~ L e —
5. Value of » = 0 means thereis /10 linear relationship (not the best description of
e
form). —= -
6. The correlation coefficient » only measures the strength of a [i10ar relationship.




Example 3: Find the correlation coefficient (r):

(™ Jse TI-83: IMPORTANT: To calculate r, you must first
turn on the DiagnosticOn command found in the Catalog menu.

| Keystroke [)Comments e
STAT, EDIT To putinL1 and L2
2nd CATALOG )| Scroll down to DiagnosticOn

ENTER, ENTER " Your screen should say “DONE”
You only need to do this once (unless your

calculator is reset.)

—=>

STAT, CALC; 4: LlnReg (ax +b) The value of r is the 4™ one down.

‘_’> //‘/ar r(’\i (’J(S /2l {'/“' A{'? | ext /pff‘ar

a) What is the value of »
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b) Make a conclusion about the type of correlation. 571 )p as, Ccorr,
~ %
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; Example 4: Match the Value of r to each scatter plot. Ch01ces forr: -1,-.8,0,0.8, 1
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Example 5: a) display the data in a scatter plot on your calc;  b) find the value of 7
¢) make a conclusion about the type of correlation.

The number of hours 13 students spent studying for a test and their scores on the test. .

Honws; %< (00t 1 325 {4 14 |5 1815 1616 |7 #7-]8

Score, y 40 |41 (51 (48 |64 (70|73 |75|68|93|84|90]|95|
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7.2: Regression Lines

/MJ (‘()M(ﬂ ‘4’/\(’ oints |

A regression line is a S-J;aizIH' line that describes how a response variable
changes as an explanatory variable changes. We can use a regression line to _pr 71~
the value of y for a given value of x (or to predict a value of x when given a vdlue for y.)

y

”(.I/\t”, 07[
best Fit

Residual (d) =~
® The dAi'2reace between the observed y-value and the predicted y-value
for a given x-value on the line.

}E Observed
-value ¢
g ns

ds{ ! ‘
: Predicted
RS y-value
X
Residual: observed value — predicted value Stometimes Mj’,




Example 1: Use the scatter plot and regression line shown to estimate the residual for x = 6. l
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we will use a Last squares regression line to make the sum of the squares of the residuals of
the data pomts as small as possible. e

————

@y equation of a least squares regression line will be written as ¥V = ax + b

%)

= ol By : — -
with slope a=r 'S_ and y-intercept) b =y —ax
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Example 2: We will usually use our TI-83s to calculate V. This time we will calculate it by

hand:
Mol Ul 12, |53 rT '

R A L

Step 1: Make a scatterplot using your TI-83. 4
Step 2: Verify that the pattern is linear.
Step 3: Find ». (We did this in the 7.1 notes.)

Step 4: Find )A’ using the formula on the previous page.
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Examp!e 3:' Now use you;\TI-83 to find the least squares xiliiera sl
3gressmn/ \6 - ax b y [4]5]7]10
" TI1-BaIBA
Keystroke Comments
STAT, EDIT. Put in your data for L; and
L,
STAT
CALC e
4: LinReg (ax +b) | a = slope, b = y-intercept ! By ; 9 Z 77 2 ’77
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Write down the equation here:

Pk
/ = e

Graph this line as y; in your TI-83.

-

Facts about least-squares regression
1. Deciding which variable is independent and which is dependent is essential. You will get
a different equation if these are exchanged.

2. There is a close connection between the slope of the regression line and 7.

3. The line will always pass through the point (%,57).

4. The square of the correlation, r?, is the fraction of the variation in the values of y that is
explained by the least squared regression line. In other words, 7 tells us the
/pﬂ reent of the data that fits the line well.

What does ? tell us in Example 37
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1 8= 5(),/778//

Example 4: Use the data shown. b = 104,007
Advertising Company a) Find the equation of the regression line.
expenses, sales i ) , P
($1000), x ($1000), y =507 + | 1400 ‘
24 225 .
1.6 184 b) Use your regression line to predict the sales when the
0 20 cc;mpany spends $3000 on advertising. J
, > , =N \
2.6 240 S‘d( &> X 5:50':/3 (3) + 104, 00
1.4 180 i P
i 75 *//\0"%,
1.6 184 il d 256,25 #
v 59 etttk g hedbisig [+ > 25¢, RS0
2.2 215 ;,c;’}»_,;,_,';f’,r (in Hhous) Zut o
¢) Use your regression line to predict the amount of advertising money spent when the
sales are equal to $200,000. —> (7; 200
1= 50.73 x + 10406
U G , e
200 = 50,/3 % 4 ,'/)l/,oé‘ p /
- 7 [/ / C/) ki / 0 L{, 0 Q A w ) 1
AL, i I A
L (5 T f’?j '?5 . : 7 et i s
Example 5: A collection of a set of data (x) has a mean 12 with a standard deviation of
1.3. Another variable (y) has a mean of 30 with a standard deviation of 4. The correlation
coefficient is 0.91. Find the equation of the linear regression line. ’
Sy i F: b 4 =350 e )
A=T==0""h = 5 — ax Ml -y
S, X 150 ]

az (1) 73| b=320-23(12)
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7.3 Notes: Confidence Intervals for the Mean (Large Samples)

Objectives:
. *  Canyou find a point estimate and a margin of error?
A * Can you construct and interpret confidence intervals for the population mean?
*  Can you determine the minimum sample size required when estimating p?

Essential Idea: Cah we estimate the Value of the population mean by using sample data?

Point Estimate -~ > bt lga:ﬂJ on sSamp :6
A smgle value estimate for a /00/3 A /JJ 1O parameter :

* Most unbiased point estimate of the population mean p is the _~ 2./~ Ale Hean %

Example 1: Market researchers use the number of sentences per advertisement as a measure of readability for
magazine advertisements. The following represents a random sample of the number of sentences found in 50
advertisements. Find a point estimate of the population mean, p. (Source: Journal of Advertising Research)

iy = i
9..90n 181649 - 115418800 16+ 6846 6 5 12 25 y:é}——‘;_%g-/;,t/
720 21091040, 5 1118 18 9 94718 11-. 79 o

1456, 1101211 56 12 14l - 9 18:12. 1217, 11 20 O

The point estimate for the mean length of all magazine advertisements is (2.4 _ sentences.

> not /COS_,’/I/Q{C "I/’/"/U}
@ What would the probability be that the population mean is exactly the same as the point
estimate? () . ool big. ke
L—— e 5 Therefore, we will estimate that x lies in an interval. [2 2 ] 'H, (1] (0,157

How confident do we want to be that the interval estimate contains the populatlon mean u?
T 157 177

-

Level of confidence ¢: The 40f 010&"#‘ /17y that the interval estimate contains the population parameter. >
—= : ] :
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e
Ze Zt."' 2
\ /
S Critical values
A A 9.4
Example 2: Find the cntlcal values 2. for the following confidence levels
a) 05190% b) ¢c=94% .94 c) c= 7% ci'r/
c=A0 Qﬂ | :
v v i anaE
,os .0:’ 7\/ ( '03) 193] Lol
o s aFeQ : iny Norom 03,0, 1)Y=~
S iy Noron, (05,0, ’)/ 11 | ,n\//\low (0150 1) = <2170
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hard 4o 0 ~% (varies from samplre to sample) __
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Sampling error : The j /‘W [2/4/<  between the point estimate and the actual population mean.
Dives (Z=y ]

/tam/llf_ ) ean 1
A 18 UsSUad AN KA

X 6
Margin of error J

« The qgreate<t possible distance between the Qo1 1 T eS8} o aAr_and the
populatfon mean for a given level of confidence, c.
*  Denoted by E.

—sWhen n 2 30, the sample
standard deviation, s, can
be used for o

Example 3: Use the magazine advertisement data and a 95% co]nﬁdence level to find the margin of error for
the mean number of sentences in all magazine advertisements. Assume the sample standard deviation is about

5.0. (Recall that ¥ = 12.4.)} st s, 2 Seore (.46 A=50 > 20 V' r
= :)_ Fi W (
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7 ‘}K'i‘w [3 i g
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Ate fro.
A c-confidence interval for the population mean u :
The that the confidence interval contains y is c.
c-confidence interval:  ¥—E<u<¥+E /wher¢ E =z, —
Example 4: Construct a 95% confidence interval for the mean number of sentences in all magazine
advertisements. See #3 for E. Yy oy
—_— £ = 3 =l
R-E < <AL
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With 95% confidence, you can say that the population mean # number of sentences
isbetween || and =5 e
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Example 5: A college admissions director wishes to estimate the mean age of all students currently enrolled. In
a 1'a{1d9m sample of 20 students, the mean age is found to be 22.9 years. From past studies, the standard
deviation is known to be 1.5 years, and the population is normally distributed. Construct a 90% confidence

g\terval of the population mean age. / 8 ! 3 ; /
: ez =] ZT-06U & 2171 .

i )= q s : e /e \ S 5 C )~ 2
' ' i 1 /" > ) P (/_\g Y/ N A
b 4 4

**When rounding, round off to the same number of decimal places given for the sample mean. i
Interpreting Results for Confidence Intervals:
* pisa fixed number. It is either in the confidence interval or not.
. .
* Incorrect: “There is a 90% probability that the actual mean is in the interval s
S e B e~
e +  Correct: “If a large number of samples is collected and a confidence interval is =
Z created for each sample, approximately 90% of these intervals will contain p. A

Using a graphing calculator to find a confidence interval:
STAT, EDIT (put in the list if actual data is given)
STAT: TESTS

2
3. 7:Z-Interval

— 4. Select Data (if you have entered the actual data) OR select Stats if you entered descriptive statistics.
5

. Enter the appropriate values (if needed), and select CALCULATE.

—

/ = . ) vl SRR SR o BSITERMEERI VS N T 2y

Example 6: Find the 95% confidence interval of the population mean from the following sample:

9:20 1816 9 9 1113 22,16 5 18 61 650 G =

" e \ Sl 2 { el
/( o i) T Xkl 7 STAT
« et 2 -

e/

\ Example 7: A college admissions director wishes to estimate the mean age of all students currently enrolled. In
a random sample of 20 students, the mean age is found to be 22.9 years. From past studies, the standard
deviation is known to be 1.5 years, and the population is normally distributed. Construct a 90% confidence

interval of the population mean age.
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1< @i ¢ lner. = iah widons —» prtcisitg decreaces
/
Finding the minimum sample size: A bt cin Lo
Given a c-confidence level and a mar gin of error £, the minimum sample size n needed to estlmate 1he

population mean s is

/

B

e[ BT Vs
P 5 (ALWAYS ROUND _ /A3 1)
/

If ois unknown, you can estimate it using s provided you have a preliminary sample
with at least 30 members.

Example 8: You want to estimate the mean number of sentences in a magazine advertisement. How many
magazine advertisements must be included in the sample if you want to be 95% confident that the sample mean
is within one sentence of the population mean? Assume the sample standard deviation is about 5.0.

- - j' ‘ il?:,; :/ } 9 e 2 3
C¢ g2 da B4 - , ¢

L__l ,\)l He +ex7L

7.4 Notes: Confidence Intervals of the Mear{(Small Samples)

Objectives: -\
* Can you interpret the ¢-distribution and use a f-distribution table?
+ Can you construct confidence intervals when » < 30, the population is normally distributed, and o is
unknown?
The ¢-distribution: When the population standard deviation is [/ /] k /10 | the sample size is less than
30 , and the random variable x is approximately normally distributed, 1t follows a ¢-distribution.
Critical values of 7 are denoted by . o X - /_{
A
:/ n
: The tails in the ¢-
| distribution are “thicker”
1 1 than those in the standard
&= | 3 X 3
normal distribution.
df.=5 "’/ ; '
0 -

Standard normal curve

14
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Table 5: -Distribution . <y =/
Level of h 7
confidence.c | 050 080 090 055 095 059 » . 5
Onetollr | 025 010 005 0025 001 0.005 } Draw a diagram of what this means:
7 d.l Two talls, 0.50 020 010 0.05 0,02 0.01 q( &7 )
! 100 3078 6314 12706 31821 63657 { 7 A
AN 516 1856 2520 4303 6965 9925 P 4 Jo B3/ @
ReUbE 268, 1838, (38 _ 18, AL S . "~ ;
B T Bt e L L / / _7 f/‘{ U / ’/}7'/[
13 51350 1M a_ 2650 1012
b |14 £92 145 1761 @uu 2977 A} ‘f urve
é 15 8 134 |.753*wn 2997 } i J’S T. cUlt
- 16 650 133 176 220 258 2921 .
s R s vl s ipadi 24 AR \ Lor /(/ ({’ £
[ e A g A5 YT = LN 2R LGS \ . &)
) 683 10 16 2045 242 2256 . j
N 674 128 1645 1960 23% 2576 : e / res Pethu)
— d < 1 £  F — SRR U,
- y< oy = 2. 1% / - -
{( 24, /\) 3 2. (S 4] LTS {4 - s /,//5
> e /W/— — — -

L el

e
f. 72

; _ Wa . Gessed
Properties of r-distributions: ; ( < o
1. The r-distribution is )Ot’(fo “Jnaded  and SYimm /7{:’ “— about the mean.
|
;) . . . . . ; g
G\ 2. The r-distribution is a family of curves, each determined by a parameter called the degrees of freedom.
The degrees of freedom are the number of /77~ choices left after a sample statistic such as 3 is

calculated. When you use a t-distribution to estimate a population mean, the degrees of freedom are
equal to one less than the sample size.

| df =n-1  Degrees of freedom W /,‘

B — () JF -1

|

3. The total area under a r-curve is 1 or 100%. A~ o A
A :J/'?/‘/.?/"J,”J 1) g f g
1 . l. i ; A7 § / g =N X & \‘/fa ,'.’7/_/,"
4. The mean, median, and mode of the t-distribution are equal to ZEA0 sh BT /*: L) m’”/ .

9. As the degrees of freedom increase, the ¢-distribution approaches the normal distribution. After 30 d.f,,
the r-distribution is very close to the standard normal z-distribution.

Example.1: Find the critical value . for a 95% confidence when the sz}[np Use Table 5.

- N R, 1 =R e
A c-confidence interval for the population mean y:  X-E<u<X+E whergE=f == = | ~_ _ &
E W | [Ese

—
b ’/”"/Qs’f’

s {“The that the confidence interval contains y is c.
(Very similar to constructing a confidence interval using the normal distribution)

[(nz16 | = (AFf =n- = /5
Example 2: You randomly select 16 coffee shops and measure the temperature of the coffee sold at each. The

sample mean temperature is 162.0°F with a sample standard deviation of 10.0°F. Find the’95% confidence
interval for the mean temperature. Assume the temperatures are approximately normally distributed. W A
< ¥ =20 S=100
Note: Should we use a@ib_ut_igﬁ)r a normal dis'tribution? 0
5/ "5, <3 O, IS unKAWA, 2 agproX formax

Table : [t 2.131)| g £ & VE < gl KAHE

, 2 -5.3:< b <R +573
L/ -y . -

= 28l = 18y, @
Al8l 7= 6.7 < w < 167,

With 95% confidence, you can éay that the mean temperature o/fcoffee sold is between /§417and /473
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Using the graphing calculator to find the confidence interval with a f-distribution:

I. STAT, EDIT, enter list (if the actual data is given) .
2. STAT:.TESTS EVeN) o ST E ot S5 siced ]

N
—7 3. _8; Tinterval e
4. Selecth_tg(xf you have entered the original data) OR select Stats if you entered descriptive statistics.
5. Enter the appropriate values HE
LSTRITS "=lb X =l62sl. = =10.0
Example 3: You randomly select 6 coffee sho 1§_lnd measure the temperature of the coffee . The
sample mean temperature is 162.0°F with a sample standard deviation of 10.0°F. Find the’95% confidence
interval for the mean temperature. Assume the temperatures are approximately normally dxstnbuted.g
P M. s725 T ’ !
sKI )( S TAT D Ttorval : & o N
— = o STAT- TESTS 67,33 Y A eak
ol p 15567, 167.33) ¥ 50
S V,\Cf /kjaor\/e: /<156 7 // 73)/ D ."
1. seled STATS s “"\/ /0 D
i it 5 j 5= " / 2
\ﬁ J [ B nten )\’ W, \J \/\ /. / s q

Example 4: A random—sampl&oﬁhe body temperature/of@s taken (in degrees F). The results are
below. Find the 98% confidence intervabfor the populanon mean body temperature Assume the temperatures
are approximately normally distributed. ~ © / 5= 7?7 e o,

20N~ ‘}
99 992 984 97.8 983 992 100.1 974 98.6 “'_C e g
FTH T Fate will Z 52 T4/
S W
e ale Wi e
= =2,

o > .\—,;_‘:;____ \‘/
Example 5: You randomly select@ewly constructed houses) The sample mean construction cost is $181,000
and the population standard deviation is known to be $28,000. Assuming construction costs are normall
distributed, should you use the normal distribution, the ¢-distribution, or nelther to construct @ 95% confidence
interval for the population mean construction cost? % =
,/ i)
25 r()lma 4}14 / + J;f‘rr o e rfner 7

7= 131,000 A T T
// )/ Q'(\u/(ﬂh)q \/ /
s

s

5 = 25,09

We @~ Use MODM,;) c{)}s‘f,
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