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The only 2 formulas that will be given to you on Exam 2 are:

SD
_ 2 * SE - €ITors !
Vi-r SDy and slope = Javsp,

e,

Vn*SD,

SD

errors

Formulas not given to you that you need to know:

S
« Slope of the regression line = r—§i-)1-

]
227,
+ Correlation Coefficient, 1 = -=l———
n

o 7 and t test stats for testing H, : slope=0 in simple regression (1 slope):

T T
7= *n t, = *Jn-2
l_rZ (n-2) '1_1‘2

NOTE: The Z and t formulas are the same as the square root of the x*and F formulas below when p=2.

« Chi square and F stats for testing H, : All slopes = 0 in multiple regression
2 = ....15_2__. * n F — .Lz_* &= p
Xi-n = i T TTR? poi

1-R?
e ANOVA for regression: SST=SSM + SSE and ANOVA for group means SST= S5B + SSW (sce
summary on p,175)

¢ Formulas on page 186 for testing group means using:

STTONS §

SE}; =SD, \]:1— + L and Bonferoni corrected p-values= p-value * g(g-1)/2
yn,

For regression: #parameters (p) = # of B’s in regression equation, for means: # parameters (p) = # of groups (g)

"Source | SS (Sum of | af
- Syuares)
Model RISST
SSM (reg) p-1
| SSB (means) &l
Error (1-R*)SST
SSE (reg) o-p
SSW (means) n-g
' Total SST S




Stat 200 Exam 2 Study Guide Updated covering Chapters 21-41

Part VIH Simple Regression: Chapters 21-23

Question 1 pertains to the i scatter plots below: .
PlotA Pioi B Plot C PiotD

Wnte the letter of the plot next to the correlatlon coeftlcxent that i is closest to it.

a)r=036_¢ b)r=09 A )r=-079 . dyr=-046__" " _
Question 2
Compute the correlation coefficient ( r ) between X and Y by filling in the table below. Plot the points on the graph and check
that the plot and r agree. 8 S . o
- L s ANy S LS. i M . 1
| X Y | Xin Standard Units Y in Stanidard Units Products o ——+—1—4 !
g T = = ) .” —~ L = g. o |
2[4 %o us 2. o5 | 6,775 §
RN PR 05 |-0.25 3 L
5 5 S0 2| o il
P 6 | 2 0.5 - O. T~ ! |
i ) i . ' d 5 - L] ' 5 . J P ] P
| g . 8 e | v L 2, 25 {23 M 56 3 °
. | 1 b3
G ‘j o soms ¥o O gums 40 O . . 1 23 456 78
30, 2 - c: Z 20 2 LOH X
/ *a) The co anon coefficient, r= __ (4. Y " ,S LSy \

b) Using the result of part (a), determine the correlation coefficient for each of the foHowmg data sets. No computation is

necessary. Write your answers in the planks grovided. Your answer sho bea number
C oy rre o /7 ™ Gbhove ir"ﬁe/u_ o4

v T
L

X i ; ¥ X v X } [
) 8 | 8 4] 4 | a2
( 4 -12 S 6| 6 | L 6] 4
5 -10 2 4 7.1 5 [ 5 5
6| 4 4 6 8 | 2 2| 6
8 | 16| | 6] 2 10| 8 8 . 8 |
=-"oM r=_0. jr=0. (&) q r=_(_)__-_"‘\

"

s were all 3omc pars 2% adde] )(é—) US

- xl * cl‘
h\o\ﬁ?ﬁ“‘ lo-} Py cunme Plo‘f‘ ;‘4

e

‘-‘(

N Vi @-s) 4 (u-5)T - (;)l ¢-s7+G-s)
ng ok X | | _,; .

il

SRNEES

¢ 5
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Question 3 pertains to the scatter plot below that shows the midterm and final exam scores fo&l 07 students.
ﬁ’ftwr’IScam ra.

L08 | Aine 2 ‘3'0 f"‘r‘
- & D - = - ‘
' . : - e
| RS
s R it o
A . - . ;;}’::;.;’:’:t s : v
« e e ¥ - -
. })‘/..u:":/w - Py ,f. +* .
e . “/’ .. . .
ad T o -* - R Average SD
P ; o } Midierm | 8 | 2 |
- : Final 74 | 10 |
w0 . - . ~ i Correlation: r= 0.6
5 &0 o W P NG
Al term Score . ; e \; ne 1§ eh‘,d
a) Which is the regression line?  Choose one: i) Line 1 F LH er €
&%‘ i <p

b) Look at students A, B, C and D on the graph. How did their actual scores on the final compare to their predicted scores?
For each student circle whether their actual final exam scores were better than, worse than, or the sanie as the regression line
predicted from their midterm scores.

L

_ Actual Final Scores Compared to | Predicted Ones o
Student A Choose One: (Better , Worse The Same
I . o SECRE RS S
Student B Choose One: Better @ The Same ‘
, e =,
Student C | Choose One: Better Worse (fhe 5“"15
‘ Student D "'_C}:oose One: ( Better),_ Worse The Same ‘
- - e =
©) Without any informatio::l about a particular student’s midterm score, what would you expect him to score on the Final?
s i ] "
c tt's Jhe av Ne in'vo,cunl-ww(‘
d) About 68% of the time, your prediction in part (¢) will be correct to within | i_o ... points, S 0‘3 = O
e) Suppose you are told that the student has a midterm score of 74. Now what would you predict for his score on the
final exam? Use the 3 step process (not the regression equation) Show your work! Circle answer. 1 O)
' Y — .G

(DConvtrt 1H 4622 T1=83 , @ Muli: k] by r X067 = ¢,
a P L @
f) About 68% of the time, your pre_:c{ic'g)ﬁ"in part (¢) will be correct to within __ 8 3 _points.  Show your work!
\RHSE = \1-07-SPq = \i-0.2” (9) = §
(.. $ Q-M'urh

2) If a student was exactly average on both the midterm and the final which line would he fall on?
Choose one: Only the SD Line Only the Regression Line Neither

h) If a student was exactlyl SD above average on both the midterm and the final which line would he fall on?
Choose one: ~nly the SD Lin€y Only the Regression Line Both Neither

SV ling is the Z :Z‘l. lina.

i) If a new scatter plot was drawn with 10 pts. added to evéryone’s fthal score then the correlation between midterm and
final scores would.... Choaese one: i) increase ii) decrease iii} stay the same
(For (i) and (j) assume that final scores are allowed to exceed 100) —

h)] If a new scatter plot was drawn with 10 % added to everyone's final score then the correlation between midterm and
final scores would Choose one: i) stay the same i) decrease iii) increase
—
h) If point A was removed the, r would ... i) Decrease i) Increase iii) Stay the Same
sy
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Question 4

The following scatter plots show the relation between poverty level (percentage of people living below the poverty line) and
number of doctors (per 100,000 people) by state and by geographical region. The graph on the left has 50 points, one for each
individual state’s poverty and doctor level. The graph on the right has the same information condensed into 9 points, one for
each of the 9 geographical regions. (In other words, the 50 states were divided into 9 geagraphical regions. The average
poverty and doctor level was computed for each region)

By State . By Division see P 10 G
Docrors
| Dooeors
3507 : - 280 { N
ot PR . 220 | ..
200 B A 2008 - .
1 - 180 : - -
1s0 - o . TEO ey g g g e
R 8 10 12 14 16 18
5 10 15 20 325 Poverty
Povwerty
a) The correlation coefficient for the graph on the left is -0.2. The correlation for the graph on the right is closest to
i)-0.2 i) -0.6 i) 0 iv) 0.2 v)0.6
b) The scatter plots abov Tustration of

i) The Regression Effect i) Simpson’s Paradox @co’lcgical Correlation  iv)Negative Correlation

Question 5 For each of the following pairs of variables, check the box under the column heading that best describes its correlation
among typical STAT 100 students:

Correlation Exactly Between About Between Exactly
-1 -land 0 0 0andl +1
s Weight in kilograms
8) Weightin Ibs. (There are 2.2 ibs./kg) o d = = v
b) Weight in Ibs. GPA O o v O O
¢) Freshman GPA Sophomore GPA I ] 0 v
How much you fall How much sleep you got
d) asleep in class the night before = \Z/ = = O
0 Number of Points Number of points missed ( o O 0 O

scored on Exam 1 on Exam 1
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Question 6
Here are the (rounded) summary statistics for height and weight of the 325 men in our class who completed Survey 1..

Height l B EE

Weight | _ 1751bs. | 30lbs. _|
Correlation: r=0.5

a) One student is exactly one SD above average in height and falls on the regression line. How many lbs. does he weigh? ‘ ‘tO ‘ b

= x 0.5 -~ o H.5 e
Z’hs‘t \ 7—:»3{ s as‘(’ t.z:: +-* . 521 e

b) Another student is 657 tall, predict how many lbs he weighs. Show work. Circle answer,

Same u Z r zu A gt e 1\

A S T I ; 54 —1(39) " \HS“S

pee’ A% ¢S i o€ -l Vo '
3

¢) What is the RMSE when predicting weight from height? Show work. Circle answer. Round your answer to the nearest b,

(o5 .36 |bs = 25,98 bs.

1% Oa 1es,
d) If a student is 71" and weighs 175 Ibs. he would fall on the ..... p+~ 06 avq s ¢ bdu‘ l‘
At il

Choose one:
) SD line only ii) regression line only iii) Neither @D

A
€) What is the siope for predicting ugight from height?
Show work, circle answer. 6\0 Pe = - 30“ L o =, 20 !bc) S tbe
S D i Ad inch

f) The men in our class who are 68” weigh 160 Ibs. on the average. Can you conclude that thc men in our class wl'ﬁ wcxf ¢L{ <
o

160 Ibs. are 68 tall on the average? S vestion o the ween "'“5 € = pnate w.
Choose one: \DL G‘ANA— NG EeUn Mﬁl\ it mulhpb( b‘& K’ c\bs
i} Yes - _
No, they’d be taller than 68” on the average. Nﬁ 0=11S_. =65 0.5 » ~0.25
il No, they’d be shorter than 68” on the average. '% o 1} + -0.2% C'3a.)
g) The regression equation for predicting height from weight is : Helght = .05 inch/b * (Welght) + _é‘_iﬂ , 7 O. :).‘5

Find the y-intercept.  Show work, write answer in blank below. Give your answer to 2 decimal places
. + 'ﬁé =
Y{ux 14 P‘k bﬁ ayas 1 '003.("15) be bo f ?’9
h) If all the heights of the men were converted to centimeters (by multiplying each height by 2.54 cm/mch) the correlation

coefficient would ...
Choose one: 1) increase il) decrease 1 iii) stay the same L iv) not enough information given

A ————— e
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Part X: Inference for Regression: Chapters 24-27

Question 7 Part1

The scatter plot below depicts the height and shoe size of 100 Ul male undergrads
Shoe, Size -

ISAI o onBf ; -- 5 Avg | SD
] : aéﬁégﬁéﬁﬁ}ﬁﬁg : T re07
< 2 .
S
ol
S0 o 0 e

} Height: Male of Gendew
a)  Find the slope and y-intercept of the regression equation for predicting shoe size from height.

X
Sl%‘e Size = O: 35 Height + *-' \3 .QGS _ (Round to 2 decimal places.)

S\ope = €SBy . N+ %bzd\g_ﬂ“s
be -é-étx_ 0.1 (":f‘)’ 0.ag  M=035(T) + be™ be
b)  What is the SD, for predicting shoe size from height? \{—\ﬁ « .S = \.0-7

k]

)3 i) 1.5 iif) 0.51 iv) 0.71 (o7 vi) 2.14

Question 7 part II deals with inference—using the sample slope to make inferences i;lnbout the population slope.
- s AR
Now suppose the 100 students from Question 7 were randomly cho§i‘£‘fro 411 male UT undergrads.
a) This corresponds 1o drawing 30 ___points, at randomig? bud  replacement from a scatter plot depicting (write
a mumber in the first blank and “with” or “without” in the second blank)

@ the heights and shoe sizes of all male UI undergrads e psp
ii) the heights and shoe sizes of the 100 randomly drawn students
ii) the heights and shoe sizes of all Ul undergrads

b) Our best estimate of the slope for the whole population =( 2.35 withaSE=_@ .0 2 (roua C‘O
Show work for SE. Round o 3 decimal places. You don’t need to re-calculate the sample slope.

SE‘; =\ .50y 1.0°7 e b a\;u)
1) pe w{r—;..““"“"”""’ T e 0.030
C%‘\\nn) . %0) \Joo * 3
¢} Find the following confidence intervals for the slope of all Ul undergrads when predicting shoe size from height.
(Round answers to 3 decimal places.) Use the Normal Curve. - & {6 5

90% Confidence Interval =Q3§_ +i- l-éq SEiope = (_O.LZQ_QG__H) Mjﬁ__)
aa—
95% Confidence Interval = 0. 31'; +/~ 21 SEqepe = ( 0. 2 1 5 to an 2-;2,»_,_,) % e c 2
1 8 asy
Sample slope T Z7 SEslo
d) In part (c) above we saw that a 90% confidence interval for slope did notinclude 0.
Based only on that information, you could copclude that a Z test for slope would Y f.&([pk the null hypothesis that

slope,, = 0 against the alternative that slope 0 at a=10%. <
b

\e-
% So#"
G-“’W (‘)

.63

i
-
Fill in the 1" blank with “reject” or “not reject” and the 2" with “ >" or “#", 7

v

(Hint: 90% CI interval has 5% area in each 1ail.)

——

stoe G ——
7 = Obs sop —eXpslepr_ 5,35 -0
T e = 418
S slope 0.0%0 6



Shoe S12¢ = =13,85 +
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Question 7 Part III: Z and t tests for Slope in Simple Regression
Formulas you’ll need to know. (Or derive them from the 2 formulas you’re given.)

_ obs slope - exp slope Ja r __obs slope - exp slope _ r
n t = Jn-2
sope = SE yope Ji-r? ope = SE%,. Y
0-35 -Hﬂ—]tzu n=160 y.o0.7

Z

W T e heln’ ﬁ‘fmled SEclopa. T K->

a) Compute the Z st nsuc totest Hy: slope,,=0 H,: slope,, >0 Ho NT N O' t-H i 0‘
previws pagt 01 NP 4o so 22\ -\ &5a
.3 q v-0M

5- O ac T e - .
sp e 0 Ly =
b) To cha'ﬁge the Z-stat above to a t-statistic you would multiply by _ - (q ) )

o J“’— 2B E L
y 100 98 100 100 99
\)c,cauie— t = -*J"' » @3

€) How many degrees of freedom does the t-test have? Y] — P~ too-2 = &

P s 2, b& lslow GPA- ib+¢.f(¢.’_‘)+_

d) How do p-values for Z and 1 tests compare when performed on the same data sets with the same null and alternative
hypotheses?
Z tests will always yield smaller p-valaes
i) Z tests will always yield larger p-values
iii) Both tests will yield exactly the same p-values
iv) Depending on the sample size the p-values from the z test could be larger, smaller or the same as the

corresponding p-values from the t-test. .
be c aune f-cevts have {?gffCr 'fﬁ:/g‘ ch/ p-ucldﬁ:

He arca oé He ‘fdl/r.



Stat 200 Exam 2 Study Guide Updated covering Chapters 21-41

Question 8
The scatter plot below depicts the body temperatures and heart rates (beats per minute) of 130 adults. Pretend the
130 people were chosen randomly from all Illinois adults.

Hear tRate S
al 4 [T Avg | SD
"o Temp |98 | 07 r=025
%- TR e BRI B [ 7 |
b\ ‘v g S ’;“"Efw Sample Regression Equation ]
FoR I «:ﬂ ?2"?4 5% [ Heart Rate= -171 +2.5(Temperature)
1 g
s |
80~ e )
9% 97 98 o9 100 101
Temperature
%

a)What is the SE of the sample slope? Show work and round your answer to 2 decimal places.
SE sla‘PL = _______._.___-—W s 0.5
Be 0.1

b) A 95% confidence interval for the population slope using the Normal Curve is ( o - _% to. _/7%, or ).
Round your answers to 2 decimal places.

as/ ¢TI - san\p(& sloPLTZ'SEsbe 2.5t 1C0-8§)

¢) The confidence interval above didn’t include 0, so if we did a 2 sided Z test, testing the null hypothesis that the
slope = 0 for the whole population we should ijm-l _the null. @ or NotReject? Circle one.

d) Do the hypothesis test by calculating Z and the p-value. The null and alternative are:

H,: Slope of the regression equation for the whole population is 0. We just happened to get a small slope
of 2.5 in our sample of n=130 due to the luck of the draw.

H,: Slope of the regression equation for the whole population # 0. Our sample slope of 2.5 is too big to be
due to chance variation. 550 ed

i) Calculate the test statistic Z for the slope.
_obs slope- exp slopa, 95 4 qy
Z— - S Eglope KXY

/ ii) Mark Z on the Normal Curve and find p-value.

/ 9> 106-49.%) ~ 0.327.
{ iti) Conclusion?{®

 Very skrengevidesn et

\ + 4{ 6‘ = s

J i O-DS‘:&;;
7\ Bt = Nieas 7294 ;
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Question 9

2 pacom ders

We're trying to fit a simple linear regression model for the whole population: Y=8, + 3,X

+ ¢, (Assume € are
independent and normally distributed with constant variance). We draw a randofn sample of n=7gfrom the
population and get a sample correlatior(r = 0.6 Compute the 4 test statistics for testing the ni

nswers to 4 decimal places, but don’t round during intermediate

testing Mg rpopunuen™9. ) (Round your firi
steps.)

aR=_0,3C 1R=06.064
¢ {;Am +o.k'¢ s‘z,r'f to

1=0. (same as

é‘,g-es‘{’ to do Lirst

Fia

|2 G E F

Compute the | Z= ,,gj('l ..3 ﬂ 37L t=1.678 F=_ 2.5l )

values of the 4 | (7 pt.) | (1 pt.) (Ipt) (1pt.)

test statistics. o —

Show work | \r’j(z |L_,, 367 ¢=VF :..3.—(3—:{":-

below your ; |- o, m .

answers. ? V‘ﬁ [ '3-)'5 ‘ 2 ﬁ_& .
| | | e* P!

| |
|

@ ﬁ, > 0, pd assume the alternative for the x and F is 2-sided: Hy: By 2 0.

' ¢) Compute the p-values for each statistic, Assume the alternative for the Z and t test is 1-sided:

Ean t
p -value= . 5 P p-value= rb' A { Choose one:
[#
| . L elwys %O ﬁl% ii) 2% (i) 7.7%
Label Z on the normal curve s < & ulU 4‘
506 alwsy
below and shade the area %o o -sided Z | How many degrees of
representing the p-value. How many degrees of | freedom? i
; freedom? __4 __
C ‘ue_ ?or 't
I ! 3 alub‘ts g

P- \)‘;\QC. Lor Z

AR
p-value=__ =0
Choose one: "a

>
[i)2% i) 4% @93‘»

! How many degrees of #*Sided
‘ freedom in numerator?d__ € !
in denominator? S [
P- L= 2-1=)

N-pPr 1-2 ':S |
|

*If Z is between 2 lines on the Normal Table you may approximate middle area.

d) Suppose our sample y values are: 1,2,3,4,5,6,7. Compute the SST (Show work).

= (1- '-{y‘-& (2- ‘D 4—(3‘—-‘() (4- 4% (5- L{)

Ss 1= 2(_(3',"

¢) Compute SSM: 10, qu Hint: Use part (a)

goy = R*-S3T =036~ Ly = _',g_ci j

L J'DL*_’ (7"LD‘=
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Part X: Binary Variables in a Regression Model (Chapter 28--30)

Question 10

The scatter plots below show the Height (in inches) on the X axis and the Weight (in 1bs.) on the Y axis of the
123 females and 165 males in this class who responded to Survey L.

Females Males
Weight Welghy
300 300
[} -
20c 200~ 3 '\. e
~ G e b iiele
. 98 . IR »%:&?E d:x
ACE == TR Lo S e .
[l DU SRS - ; 4 S . S
50 &0 70 80 50 0 76 BO
Heghit: Female of Gerder Helght Mate of Gencer
Female: Weight = 27,18 + 1.517 x Height Male: Weighta;ﬁz,GB + 3.242 x Height
_._—_-—'—“ _‘_——-—_-'-"-“.
e

a) Translate the 2 simple regression equations intg )amuﬂnplc regression equation below. Assume Gender is a 0- ! variable
coded with Males=0 and Females=1.

Weight = ‘ 7 63 + 3. ]‘1 L *Height + q‘f 3(’Gcnder += 1. 72 S Gender*Height
e e 2708 = (0168) 1§17~ 3.2¢2

b) 1f you switched thgtcod% so that Males=1 and Females=0, what W lﬁd the multiple regression equation be?
Weight = :_)__l \Z -+ I. S 1| +Height+ -9 Gender +__~ 1. 128 Gender*Height
f -6198 J:H‘ ;}gz«-l‘l‘?
Question 11 Let's say the 4 Iﬁ’ots be]ow depict data from 4 populations and we're trying to figure if X causes Y in these 4
populations. Each plot consists of 2 groups (males and females as marked).

a) First let's focus on the relation between X and
Ywithin each group.
Is there the same strong positive relation between X
v - and Y for both males and females in each population?
/,/ i) No because males and females have different X
Males Maies P values in some of the populations.
- o es because they all have the same slope
- "',g a 1i1) No, because males and females have different Y
-~ levels in some of the populations.

Plot 1 Pt &

A
Frematks “ temales

X X b) Now, let's focus on the overall regression effect
(indicated by the dashed line) in the 4 plots.
Plot 3 Plow For which plots does the overall regression effect
agree with the group regression effects?
DWlots 2 and 4 only, since the overall slope is the

Y Females o
_,3!'/ same as the group slopes.

L~ - ii) Only Plot 4 since the overall slope and the overall
Males Feyi_, Males:(/ intercept is the same as the group slopes and

_.,u---——y-‘ *

o’ intercepts.
iify None of them because men and women are clearly

separate groups in all 4 plots.

o

X X |

¢) In which plots is the overall influence of X on Y confounded because of gender?
Circle all that apply: @Plot i ii) Plot 2 @Plot 3 iv) Plot4 v) None

d) In which plot is there an interaction effect between Gender and X?
Circle all that apply: 1) Plot 1 ii) Plot 2 iii) Plot 3 iv) Plot 4 @N one

10
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Question 12 (Also watch this

type of problem)
Suppose A and B are 2 drugs designed to help improve test scores. The numbers in each table indicate the average number of
points gained in 4 groups—those who received neither drug, those who received only Drug A, those who received only Drug
B, and those who recejved both drugs. Each table describes a differenthypothetical study.
Fill in the missing blanks so that the equation and the tables match. Fill in ALL 12 blanks.

No Interaction

Points=__| _+ 2A+_'j__B

] A=0 ‘ A=
B==0 1 3
B=1 % 5

|

~ (wetch video 1§ \.{ou neeJ l\.e\() orkh -{—_L\‘,q

video (

Only Interaction

Points= l + 5 AB

A=) | A-l

S E—_—

Py=T

if you need help with this

Points=3A +4B ~2 AB

11
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Part XI: Multiple Regression (Quantitative X’s) (Chaps 31-36)

Question 13 When the null hypothesis is true in a regression model with 6 parameters and large n, you'd expect your F stat to

be about b and your X stat to be about Swm when the null is true. Write a number in egch blank,

wh&h l—\o i< 4tvve mean. 0{- I:“@I a,n,J memc.éfx vd—?- P-"}
Question 14
To find out how education affects household income in Illinois, researcher collected data from 177 randomly
selected Illinois Husband-Wife households on the following 3 variables: Years of Education of Wife (EducationW),
Years of Education of Husband (EducationH), Total household Income. (The data is from 1989). Here’s the
multiple regression equation for predicting Household Income from Husband’s and Wife’s Education Years:

Predicted Household Income = -$7, 580 + $1,500/year * EducationW + $3,000/year*EducationH

a) What does the $3000/year slope mean in the multiple regression equation above?
@ For those husbands with wives at the same educational level, each extra year of husband’s
education increases household income $3000 on the average.
ii.  For all husbands, regardless of how educated their wives are, each extra year of husband’s
education increases household income $3000 on the average.

b) Calculate the predicted Houschold Income for a married couple who each have only avl_(‘)"‘ grade
education (10 years of education each)?
= g 3)1, 420

e oy

%34, 420 |

Capmittiar

~31,5380 +3:,soo (‘xbjw‘—fw%,'bgo (;o) »:‘

¢) Based on the correlation matrix at right, do you think the slopes !
in the 2 simple regression equations:

§>Ed.mﬁonW}Edu¢ﬂénﬂ mwm4

. : PR . | Educationw 1.000 05943 3283
Predicted Household Income— §, ~ B, (BducationH ) L e ; g
o ) s & . | Educationh 0.5943 | 1200 03573
Predicied Household Income— B, ~ P (Educetion®¥) — ‘ ] = :

, , . i Income 03280 | 03973 1000
are the same as the slopes in the multiple regression above? !
i Yes, they would still be $1500 and $3000 in the simple regression equations.

ii) No, they’ll both be larger in the simple regressions since all variables are positively correlated.
1)  No, they’ll both be smaller in the simple regressions because they’re fewer variables. + ' l
iv 1t’s impossible to know because they’re all correlated with each other. el Slopes.
Revmemder, the sr16pte (a Hae n\_u\f.v,&, MCA’-@Q?:G‘N avt ff.:...k..m P
d) The multiple correlation is R= 0.4 (rounded). How was that calculated?
i.  All 3 variables were converted to Z scores. Then R is the correlation between those 3 sets of numbers.
( ii ‘ Each of the 177 husband-wife pairs has a predicted income from the regression equation and an actual
income. R is the correlation between those 2 sets of numbers, calculated by converting both sets to Z
scores then taking the average of the product of their Z scores.
iii. R is the absolute value of the correlation coefficient between income, years of education of husbands

: ot e (
CefYe jﬁqazianst:d‘lzi&oln‘;fwwz 'c'uht‘ on 2 Se‘{"i GC nu”“““‘s' poT 3 .

¢) Use R=0.41 and n=177 to compute the Chi Square statistic for testing the overall regression effect Ho:
Both slopes=0 in the population. (Round to 2 decimal places.)

. = * = '.—77 = 3?-7,
Chi Square=’5’:$ :—7,!Shawwork. )La - Zig—ﬂ‘ .l = %_!_8%‘ l

Look at tpe Chi Square table. You need a = 5_ T? to reject the null at P=0.05 (5%)
anda v = . D Yo reject the null at P=0.01 (1%).

d_,(’z-_ P___‘ - 3—'1 =
Leoo X 2% \yae bu'i“‘ df =2 2
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f) Now compuic F- statistic. F= ___ (Round to 2 decimal places.) Show work.
e n-¢ =
. 3. 01 18
Look at the F table, you need a F= to reject the null for P=0.03 (S%L -
(¥4 isn’t on the table so use se 120 instead). d £in avners - 11 L\
174 df ia denaminrtor = i
g) Conclusion from both the F and the Chi Square: . > F_—“i" e 7. ﬂ ¥
i) Reject null, both slopes must be significant F = 16 S 1 (w
i) Reject null, neither slope is significant s < Y
@ Reject null, at least one of the slopes is significant. S P = / .
v) Cannot reject null, at least one of the slopes is significant {
' obgv.w‘
. HUf
h) Another way to compute the p-value is by the Somple R
re-randomization test. The histogram on the right shows Denstey o 4
the randomization test results of 50,000 randomizations OO -
showing the distribution of R’s. What does the vertical
line mark? e o’
i. the specified significance level o il —
ii. the randomized R’s that land at p-value = 0.1 % 600 mi ’
@ the value of our sample R. il
20 I
i) The p-value given by the randomization test is B i g; |
closest to .... N SLhe m oM+ T=® onn i}%l l
i %&néé beiow‘ Ml [ i
11) 1% o [l. aaddi x’" Lided LJ{. 5 .
ean i3l 3 -~ 5 A
111) 59, a1 C.0 .1 .2 0.3 14 bl

iv) not enough info

j) 1did a t-test and a Z-test for the wife’s education slope and got a p-value just under 5% by one test and just over
5% by the other test, which p-value belongs with which test?

i) The t-test must have given the bigger p-value since the t-curve has fatter tails.
i) The z-test must have given the bigger p-value since the Z statistic is bigger.
ii1) If done correctly the tests should have given exactly the same p-vaiue.
k) If ife’s Education from the model will R? go up or down? co de (g{. * Lot \\
!i) !Ithds to go down, g s Correl ‘2- c.‘ wi\’l‘\ v louerhf)

i1) It has to go up or stay the same.
it} It could go up, down or stay the same depending on whether it is significant.

B [ decide toadd a 3" variable, either Xa, or Xy, to the full model since both look like good predictors of income on
their own. I check the correlation matrix and see that X, has almost no correlation with either X variable already in
the model, while X3, has a correlation of 0.95 with Husband’s education.
Which variable should I add to the full model?
i. It’s a toss up-- the higher the correlation the better the fit will be so Xy is a good candidate, but Xj,
adds a completely new element to the mix.
ii. Choose Xan, there’s no point in adding something that does not fit well with the other X’s. The X’s
need to work together. No correlation is equivalent to no communication. Predictive power is lost.
@ Choose Xsa , putting 2 variables that are highly correlated in the same model causes problems.

Rcmcm\aﬂl— \C‘c'\' 3 hoe "‘Skl’ shee ’Ef‘db(em .
13
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Question 15 There are 3 sections to the MCAT: Physical Science (PS); Biological Science (BS); and Verbal
Reasoning (VR). Each is scored on a scale of 1-15. Suppose we randomly selected 55 Ul pre-meds from all U pre-
meds who took the MCAT last year and got the following sample multiple regression c,quatlon for predicting PS

from both VR and BS: PS= 16+02><VR+06><BS p= 3 a=Se

Summar)_r Stats

e

Avumgs TMedien 9] T Mifn sMax Con £
t ¥R 9':'64 3000 "768t6000*i30() SS,GOE

! ; ——| N

| o [ome | ooo usmleom jumiman| o eSOyt - 58 LLS T
P 9709 | 10.00 t1-sseisoao 14,00 55.00

' Kgp 15(. 7%

a) Here’s the ANOVA table to test the overall regression effect. Fill in them missing values. You’ll need to use
some info from the summary stats above to calculate SST.

| Source 'S8 (Round to nearest | df MS (Round to 1 ; (Round to 2 decimal places)
. _whole numben) . _ | decimal place) R
il pe= § — 3 i
Model | SSM=63 "L 63 2.5 |FF RS 953
|2 l. -1
Eror | SSE= $8.38 [P P §5.23% (.7 D= (.77 = .3

| 52 \ S a |
Totl | SST=151.3§ | U R=s5sH |, 3~ 042-
| | — 84 SST | S1.3F |

b) OurF is gxl <F' —7,77ﬂs0 our p-value > or @ N %50 we@or cannot reject the null.

Circle the correct “=» (ir “<” signs, fill in the 2 blanks and circle “can” or “cannot”
F Oistribution criticat values ffr P=0.001

-

; “:;' Denominator

[ Rumerator BF _
oF | 1 | 2z | s "4 | s [ 7 "5 [1s | 20 [
1 | 40B2B4 | 40US08 | 540579 1 562500 | HTEA0S | | 592673 60552 615764 | 620808
A‘F‘;bfL'_i_'f’esesoiassgp 89817 ' 99925 559,43 | 899.45 -
3
F

1 m‘i‘é.mlﬂ ¥20 | 800 | 1088 |
) 631337 | 633872 635083 636301
900,48 | 999.49 1 99950 99950
124.47 | 12387 . 12368 - 12553
44748 § 44.400 44935  44.093 |
24333 § 24.061 ' 23852 23.819 |
12,119 {11800 ¢ 11,747 11722

£.8085 6.7
] 43478 4.3
34184 23
. 28310 2.

1‘ 973 ? 7678 . PRI il s a nan ASE - IER—— bt v - 1 %go :
5,’&“4{ ..3:5‘1_" 380 ; 73212 ¢ 5.7814 ; 4.9471 ' 4.4157 | 37668 ~ 3. 7833 | 25345 1 2.2 18602 | 1.7668 ; 1.8027 * 1

:167.03 | 148,50 ; 14111 137.10 T 127.37 1 126.42 . 2

|2 ﬁ s |7 61.245 § 56.177 ' 53,438 48701 | 46,100
| 5 "[Ta7i181 137,122 | 33,202 ' 31.085

een : |59 | 25396 24.869
15 bWl o 0k 21 B89 18772 17,198 , ¥ Ti5.324 | 12032

¢) When the null is true we’d expect our F to be about l . Given how your F compares to that you’d expect
the p-value to be about Y. .
(};vf F = si%s > > F'ﬁ?ﬂ"?q se P cce 0.1/
d) Suppose you decided to reject the null, you’d conclude that
i. Both slopes must be significant
ii. The VR slope must be significant
ili. The BS slope must be significant
iv. The intercept must be significant
9 Either the VR or the BS slope or both must be significant

14
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Question 16 e i -—
On a Stat 100 Survey, 764 students reported how many drinks they typically consumed per week, how many hours
they typically exercised per week and their GPA. The multiple regression equation predicting GPA from drinks
and exercise yielded R=0.04. Assume these students were randomly sampled from a larger population of possible
Stat 100 students. -

a) Do ay’ test for the overall regression effect. How many degrees of freedom? _-:_3___ l=

~xre BT .on oo 0047 76 o 1224

(- R’ | -0.04"
b) Compute the F stat. ~ How many df in the numerator 2 2 The denorninator.] Cd’l
> !
e ..Q—LQ:—{-_. - " .l-@w—»m = 0.0 |
(2.4 ‘) | -0.00Y

¢) Here are the p-values for the 2 tests. Which one is for the x* and which is for the F?

5574% and 55.58% Label each as either 3 or F. 'oé 'F }\03 "Ft:l%er ‘!La‘[

2 S 1
Question 17 x> -F‘ p-veé hue ’X P '\ML"‘

In the overall regression test, the null hypothesis is that the population slopes all = 0. That’s equivalent to the null
hypothesis that in the population ....

i) R=0

ii) R*=0

iii Y=Y

v) all of the above

v none of the above

Question 18
If the xz test doesn’t yield significant results, is it possible the F test stil! would?

i) Yes, since the F test yields slightly more precise tests.
i) Yes, if the sample size is relatively small, the F test results could yield significantly different results.
i) No, the p-value for the F test will always be greater so it could never yield more significant results.

iv) It’s impossible to know since F is centered at 1 when the null is true and the % is centered at its degrees
of freedom making comparisons of results statistically meaningless.

15
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Question 19
9 numbers are divided into 3 groups as shown below.

Group 1 Group2 Group3

0 3 5
2 6 7
4 8 9

Mcan =2 Mean= GMéan =7 76\'/;ra‘ll Mean =35

58T= 66 3
42 )
a)Computc SSB , Cz ‘5> . (2‘3 4_(' 5') (L"S) (6.5) ,;.Q’] S) (’1'9‘"@

(~L5 \ (,ﬂ > + "lz‘f

L= 3 Y
b) Lompute SSW (samc aq SSE) pf {.C‘)-
t-4d2 . -7 +('T-'7)
c, ,))*LUQ*'{-Q—A)*@O&C‘; )4 o +Y4

} C- i) + de) ¢ (f'f
Z (3% ; 2
At A
c) The SST = 66, Use the SST to compute the SD. (Hint: The 58T 15 the sum of the squared deviations.)

sp.-,\‘/”r et _(a1)
SAE R bl Gl VY

16
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Question 20: 717 Stat 100 students rated their belief in the existence of ghosts on a scale of 1-10 (1 is certain ghosts don't
exist and 10 is certain they do exist). They also classified their hometowns into 4 types: Small Town, Medium City, Suburb,

and Big City.

Here are | the results: f e

{ Level of homm Aversge| SD | 0 |

imw‘ smal_town | 4763 | 3.096 | 121

{Ghosts medium,_city | 4115 2.833 104 ¥
56&&‘?35 suburb | 540 3106 356, pmore than O § n.ems we coqno

— TP R Y use -t;
(Ghosts|  big_city 5309 |3.064 136

a) What's the appropriate significance test the null that all@nzam are the SAME in the “population” We
just happen to see small differences in oisr sample due to fice?
i) Z test only ii) ttest only ii) F-test only } iv) elthel z, torF v)eithertorF
woult k ~too

b} What's the alternative hypothesis
i) Al 4 group means are different than each other in the population.
ii) Some group means are different than each other in the population.
ii? One of the group means is different than the others in the population.
iv) YThat either i, ii, oriii is true.

Fill out the ANOVA table below to test the null hypothesis that all the group means are the same in the population we just
happen to see differences in the sample due to sampling v%lauon Efww work mstde each bg _7t {except for the df column).
Write your answers in the blanks provided.

. Source  : SS(Sum of Squares) E df . ! Mean Square LF Statxsnc « P-value o
5 f | '
Model " 8SB=107 B i N I "SJI" You would have to look at the
| _ x- df= S MSB:_}_:?"I | F= 3. g ; F curve with
2 (r‘oun;i to 1 decimal | A prween = s Within = j { 3
- place | g
R S5 {D” 3577 | paasoosis=d- b

Bt ssw=6T101 lag= 110 3 ‘ msw= 9 Li sp,..= 3¢90 7

% cj -

Re 1l a=0.05?
| ‘ \ ol 11 t:qc::tnuo atata
| \» e

. 5 s P - | (round to 2 decimal | (Round to 2 decimal places)
.,R). U 8(3~-10 | places) -
n-4 (,m0b \fsw = 3.07

113

b
s
P

Toal | SST=6813 o
R=_0. O l L:
‘ (Round to 3 decimal places)

1
| | SSBE. = 107 = o0.06106
| h=) | BT w3

df=_1ilf

17
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Question 21 On the Fall 2015 survey 707 Stat100 students rated whether to legalize marijuana on a scale of 0-10 (with 0
meaning strongly for legalization and 10 meaning strongly against). They also ¢l lassified themselves into 6 ethnics groups,

_Imapine the students were randomly. sampled from a much laryer nopulatum Of all Stat 100 students.

_ Ethm(,m Avcraa,exmunded) + 8D trounded 1
[egal ize Manluanw White 4.05 | 3.16 Qgﬁ_j; R=0.15
Lepalize Marijuana? | Black | 3.9 | 3.68 165 | -
; Lepalize Marijuana? |F Hispanic | 4.46 334 | 100 |
| “Lepalize Marijuana? | Asian | 5.33 lj 57 s (l_‘}f‘j
Legalize Marijuana? | Mixed | 440 [355 30|
 Le: vah?c Marguamq Other | 4.08 L 4.16 | 13

a) Compute the Chi Square Statistic to test the null that all group means are the same in the population. Show wotk, Round to

b)

¢)

d}

e)

2 decimal places Circle angwer,

oS 707 . 16.27
T-4.5"
S

2
How many degrees of freedom forthe X" 7 7

%-I?S

Compute the F Statistic to test the null that all group means are the same in the population.
Show work. Round o2 deuma] pla(.es Circle a amwer

Gas T ]
‘.'o\‘S QQS J

How many degrees of freedom for the numerator 5 ? the dencrninator? — o,‘!

Below are the p-values for the two tests but I can’t remember which is which? Identify the correct test by filling in the

z
blanks with xz orF i) 0.6645% is for the X i) 0.7472% is for the _E

What do you conclude? Choose one.
i) That all the group averages are significantly different from each other .

@D  That at least one of the group averages is significantly different than the others.
iii) That none of the group averages arc significently different from each other.

g) Compute the i1-statistic to test whether the difference between Asians and Whites is significant.

i) What is the SE ygmence? Us€ SD s = 3.375. Round your answer to 2 decimals.

SChes = 3375 \[3hy 45y = 033 2F

u)WhaLxs(;het;tatss&c” 'F _ ﬁ)cp }; ‘FQ - ?_M = %.Y %5
t- ser b f 0-382F

iii) How many degrees of freedom? ..7 0 ]
J{'-‘ﬂ'ﬂsa“‘lo’?wé:"lol i
iv) The uncorrected p-value is 0.013%. The Bonferroni correction would _lr_glifllithc p-value by __1_5

Fill in the first blank with “multiply” or “divide” and the second with a number.

103 22 - 18

18
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¥ Distribution critical values for P=0.05

; i)enmmnatcr

T h&umerator DF

DF | 14 f"2 3 | a4 | 8 | T | 1|

1 i 161.45 | 199.50

2 185130 £ 19.000
.

T3 10428 9.6522

|7.7086 6.9443

6 6378 &, 7562

| v 55914 47378
\ 10 | 49645 4.1028

18 34&431 '3.6823

B
LEO 4 3512 3 &928
30 41708 3.315%

i_ j 40012  3.1565h

__130—1 39201 3.0718

500 | 3.8801 30‘(3?

1000 | 3.8508 3.0047

215,71 ; 224,58
19.164 10.247
0.2766 9.1172
65915 6.3662
54095 5.1922
43469 41202
37082 3.4780
326874 ' 3.0556 ;
3.0983 , 2.8660
29223 26896
27581 26252

26802 2. 4413

126227 2.3898

26137 2.3808

23018 23677 1241 88

19296 19.353
9.0135 8.8867
62560 6.0942
50504 4.8759
3.9715 | 37871
33259 | 3.1354
29013 27066
27108 25140
25336 - 2.3343
2,383 , 2.1666

2.2668 20868

T v v

2:2320 2.02/8
2.2230 2.0187

18.396
87855 |
59644 |
4 73514
36366
29782

2 5437

2 34?9
21646
1.8827
18104
1.8486 |

. 1.8402 "

F Digtribution critical values for P=0,01

| f Denominator

Numerator DF

oF | 1 | 2 | 3 [ a
|1 |40522 49995 54034 56246 57636 59284 60558
| 2 | 98503 90.000 99.166 99249 | 93.209 99.356 99.399
3| 34116 30.817 20457 26710 28237 27.672 27.229
4 |21198 18000 18.694 15877 15522 14.976 | 14.546 '
5 | 16268 13274 12060 11392 10967 10.485 10.051
L7 12248 95467 54513 7.8466 7.4605 69928 6.6201
| 10 | 10.044 75594 65523 59944 56363 52001 46492
L 15 | 86831 6.3588 54160 4.8932 4.555/ 41416} 36049

20 | 80980 58489 4.9382 4.4306 t4.1027 3.898? . 3.3682

—

5 | 7 | 10 |

30 | 7.5624
|60 | 7.0

!'720_' 6.8500
500 | 6.8858
'_ 1000 | 6.8803

53903 4.5088
48774 41258
4.7865 3.8490
48479 3 8210 °
4.6264 3.8012

4.0178 | 3.6900
36491 | 3.3388
34795 1 3.1736

3 3569 3 0538

3.3379 | 3.0356

3.3046 29791
28530 26318
27918 24720
28751 2.3664
2. 65?’1 2 3387
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