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Unit 0 Introduction

1. Individual, Variable 1 distribution HJ& X

AN Individual: n & N (AR RA 5 50O

A7 & Variable: PEFT (MERMEATRIIED

/34 Distribution: Variable {H-+(How often) Frequency 7% & HUWIFLE{E-+H & AME AR

Unit 1 Exploring Data: Describing Patterns and Departures from
Patterns (20%-30%)

A. Exploring Categorical Data

1. ¥ one-way and two way table; Frequency and relative frequency ] X 551 F
a. One-way table 1 Two way table ¥ [X 5

Variable | Frequency=Counts Var 1 Va2 | Female | Male | Total

A 1 Almost no 96 98 194

B 2 Some chance | 426 286 | 712
C 3 50-50 chance | 696 726 | 1416
total 6 Good chance | 663 758 | 1421
Almost yes 486 597 | 1083
Total 2367 2459 | 4826

One-way table Two-way table

One-way table 1] I{# F frequency (frequency table)5{# relative frequency (relative frequency table)
Two-way table —fi A H relative frequency
One-way table A5 —MF&; Two-way table B P> categorical variable

b. Frequency and relative frequency X 514 FH
Frequency=counts ({X#{); Relative frequency=Freq./total (percent)
WEE: AHARE, n A—EHHA

2. Marginal distribution for two-way table [ 7HE 1 H & L% bar (side-by-side bar graph)

1T total B4 total
X total

Marginal distribution =

PL_IR two-way table 4%, almost no chance=194/4826=4.0%, some chance=712/4826=14.8%
800

600

400 I I

200 I I
0 .

Almost no Some chance 50-50 chance Good chance Almost yes

m Female mMale



3. Conditional relative frequency ]+ ME & lL# segmented-bar (segmented bar graph)

ZXAH
condition 47 /%1 total

PLEIR two-way table %1, Z24:H almost yes 1 A\ %(=486/2367=20.5%

100%
B I I I I I
0%

Almost no Some chance 50-50 chance Good chance Almost yes

Conditional distribution =

m Female mMale

4. HI¥r association #2#E conditional distribution H|Bf categorical variable #/H%tE OBz i4)
Association---AH 5 f=related

No association--- A 4 =independent

A Association: Knowing the value of Var A help to know the value of Var B---A and B associated.

5. Pie chart and bar graph & H%F /&
Pie chart UATELFEF S SRR T (A 100%75 Z00 other,  THARAIAL i 100%)
Bar graph NI A7 2L other {7 H A4 100%

B. Graphical Displays of Quantitative Distributions
1. Dot plot FI%F =

e
4 5 6 7 8
Number of goals scored

X Hh b fil; Exact value (FEREH{E); Small data set (X(#i/>); GEFE H shape

— 80000000

L —esssses

T
2

2. Stem plot FI%F R

1 1 93335 1 33359 Key: 4{9 represents
2 2| 664233 | 2 [ 233466 ||, (11 udent
3 311840 30148 who reported having
4 419 419 49 pai
pairs of shoes.
5 5| 0701 5| 0017
Stems Add leaves Order leaves Add a key

Key! ; Handful J5)l] (stem5-10 />); Exact values (FEZE HH{H); Small data set (CE#fE /> ); GE& H shape

. Histogram FHF i Bt
a. Histogram FI5RE A

Percent of states




T EAREME; AELH; large number of observations ($(#E % ); HEFE i shape

b. Histogram f§i%
Step 1: Divide the data into classes of equal width.
0-5; 5-10; 10-15; 15-20; 20-25; 25-30
EELSHE, Fns, 10, 15 K%Lk
0to<5; 5to<10; 10to<15; 15to<20; 20 to<25; 25to <30

Step 2: Find the count (frequency) or percent (relative frequency) of individuals in each class.

Step 3: Label and scale your axes and draw the histogram.

c. Histogram 1 Bar chart X3

X %|—: Histogram FJ%&HEELAS] Can I A URRARRE class A 20, itk A BA
272 )5 Bar chart & HITEAZELL A0, FIA TR A EEE XL

[X 7 —: Histogram i >K4#i& quantitative variable H )% 4245 & ; Bar chart F >K4#iit Categorical variable
BE B U quantitative variable

X 7 =: Histogram &) 58 AR BRI AER, Bar chart 1% & A 2 X

4. Cumulative frequency plot f¥ &2
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y Hli: cumulative frequency=percentile

XEEE: ﬁ%

C. REEPTIRAATE U R ML TERNZ W

1. Measuring center: median, mean
a. P Mean

Xyt Xt Xy

K n

b. HAr¥ Median

HAEL M2 AT

1) M/NEIRHEZ A WA Observations.

2) WIERMEEL n AT odd, HALEL M 2 i R AL .

3) WAL n ZAHE even, TALE M A FHIR AT 1T 351E.

¢. Mean, median and outlier

Mean not resistant to extreme values/outliers/skew



Medium resistant to extreme values/outliers/skew strongly skewed 2%, outliers % £ #f median

2. Measuring spread: range, interquartile-range, standard deviation
a. o, BAEMFZ/IME Range, Maximum and Minimum
Maximum: A WEHE R MET: Minimum: A W S4E $ /N 80

Range = Maximum — Minimum

b. 4 509447 EE Quartiles & Interquartile Range (IQR)
1) 23BN HES W SAE I F 4R 2 o A % median M.
2) UG AL EL first quartile Q1, &7 T 7 412 o A Ar 5070 I AW S48 1) A 5
3) =AU A% third quartile Q3, J&AL T 5 5113 b HR AL ECA ] W8I B 1) R AL 2
Vs34 Interquartile Range (IQR) 7€ SN :

IQR = Q5 — Q4

Travel times to work for 20 randomly selected New Yorkers
[10[30]5 [25]40[20]10[15]30]20[15]20]85]15[65]15[60]60[40][45]

[s I10]10I15[15’15|15]20]20];0[2‘£I30[30]40]40[45]60]60[65]85'

Q=15  [Ms228]  Qm425

IQR =Q;-Q
=425-15
= 27.5 minutes

Interpretation: The range of the middle half of travel times for the
New Yorkers in the sample is 27.5 minutes.

c¢. Standard deviation

Standard deviation is the typical distance from data to

mean.
Sample [J SD:

a L] o [B-n?
n—1
wenv

—_ wmen
=wiedt =weM
va\‘b Cxh 7 g)(ff)

T ke et 20 voomn SRS R

d. Center, spread and outlier
Mean #F standard deviation &t
Medium F1 IQR #4Hic

3. Measuring position: quartile, percentiles, standardized scores (z-scores)
a. Percentile

The value below which a percentage of data falls. 5T 1% {8 FIEE F & 4t
Example: fRAa2PE 20 A4 B B & 3B VU 42, 80% ) 2% A LR



///]Z_::‘ o © ¢
i |iui| |i||i| |i|ini| |i| ey Illlll IHI
80%

That means you are at the 80th percentile.
RARE B 2 1.85m, "1.85m" ZIE L HEH 80% H A IEL.

b. Quartile
Ty AN 2 DY 3 A7 3 quartile, & AEEEE 4 BV 47 -
Example: 1. 3. 3. 4. 5. 6. 6. 7. 8. 8

Q2
middle quartile
(median)

Quartile 1 (Q1) = 3 ---25" percentile

Quartile 2 (Q2) = 5.5 --- 50" percentile (median) 50%]i#! equal-area point
Quartile 3 (Q3) = 7 --- 75" percentile

Mean --- balance point

¢. Standardized scores (z-scores)

X —mean

standardized score:z = —
standard deviation

Interpretation: 1% x #E£f mean A z 1~ SD
z >0 - x > meanz /> SD
z < 0 - x < meanz /> SD
z =0 - x = mean

z > 2 — outliers

4. Boxplots FI4F =

a. FSHEE57 Five number summary

T2 HU 457540 FE the smallest observation. the first quartile. median. the third quartile 1 the largest
observation, %M /]NEIK AN FFHES .

[10]30]5 [25[40]20[10]15[30[20]15][20]85]15[65]15][60]60[40]45]

Interquartile Range

[5 T10[10[15]18]18] 15[ 20 20[20|25[30[30]40l40[45[60[60[65]85

Outliers b Outliers
: c| |o; s Q=15 [MEES]  Qe925  mavss
° Recall, this is an
"Minimum" "Maximum"
(Q1 - 1.5%IQR) Q1 Median (3 (Q3 + 1.5%IQR)

(25th Percentile) ~ (75th Percentile)
i X °

0 10 20 30 40 50 60 70 80 90
TravelTime

-4 -3 -2 -1 0 1 2 3 4

Boxplots Joi%F th shape

b. E#{E Outliers
TERAR A — AN EU LU S HAREE AR b 2= R UK.



JiiE—: Qq — 1.5 X IQRLAJZ Q3 + 1.5 X IQRIJFE— B HHEMTER]: L TELTE R 2 413N B
{H Outliers.
J7ET: mean + 2 X Standard deviation¥p— B BHE I TEE .

5. The effect of changing units on summary measures (Transforming data)

a. Adding or subtracting a constant +a (shape/fZ¥)
mean, median, quartiles and percentiles + a

observations + a
spread N4% (ranges, IQR, SD)

b. Multiplying or dividing a constant X & +~ b

mean, median, quartiles and percentiles X & +b
observations X & +b
spread (ranges, IQR,SD) X & +b

D. Comparing Distributions of Quantitative Variable

1. Comparing center and spread
Center: The median XXX of A(MEDa=__ unit) is greater than B (MEDg=___unit).
Spread: The range of XXX of A (Range A= unit) is wider than B (Range B=___ unit).

2. Comparing clusters and gaps
Cluster: A group of values sticks together away from other groups.
Gaps: The “’large” open space between some data points.

3. Comparing outliers and other unusual features
Outliers: There are ___ (potential) outliers for A/B, whereas no obvious outliers for A/B.

4. Comparing the shapes
Shape: Both XXX of A and B are (right/left-skewed & whereas...)

Values

Uniform Unimodel/mound-shaped

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19

Values

Two clusters with a gap Bimodel




YRR Symmetry

300 —

200

100 —

Frequency

T T T T
0 5 10 15

Roughly symmetric

Mode
Median

Mode
Median

-~

Left-Skewed (Negative Skewness)

Right-Skewed (Positive Skewness)

Left-skewed (7EJH1); Right-skewed (471D
AR AT, mean 243 E 77 1A

5. Parallel boxplot, back-to-back stemplot and side-by-side histogram

Females Males
0| 4
0| 555677778
333 | 1| 0000124
95 | 1
43321 2|2 Key: 2|2 represents
66 | 2 a male student with
410 | 3 22 pairs of shoes.
83|58
@
9| 4
100 | 5
5

o

E
[
8 -
]

70 80 90 10? 110 120 130 140 150
pulse_rate

back-to-back stemplot

parallel boxplot

side-by-side histogram

E. Normal Distribution

1. Properties of the normal distribution

a. Normal distribution

T
n

Shape: symmetric, single-peaked, bell-shaped; Center: mean=median; Spread: o

22, o), HTEEEEDE D .

b. Standard normal distribution

04

03

0.2

Probability density

0.1

0.0

4 center £/ 0, spread &R 1 B, AFRHEIES AT AR —NIEES A HAT LLE T z-score ¥ b R

Standard normal distribution

-3

-2 -1 0 1 2

3




PRAEIEAS 5310 o

2. Empirical rule

Standard Normal Distribution

3D 25D -1SD +1SD  +2SD  +3SD

0.4

99.7%

| I
3 2 1 0 1 2 3
Standard Deviations from the Mean

68% of the observations fall within ¢ of u.
95% of the observations fall within 20 of u. (2 X SD rule of the outliers)
99.7% of the observations fall within 30 of u.

3. Normal distribution calculation

a. How to find areas in any normal distribution

Step 1: State the distribution and values of interest. I &]. N(w,0), fRIZHE, HH area F x(z 1H)
Step 2: Calculation (Two methods to perform calculation).

*  Compute a z-score for each boundary value and use Table A or technology to find the desired area
under the standard Normal curve.

*  Use the normalcdf command and label each of the inputs.
> 1% MENU 2---DIST---NORM---Ned
» Data i&#¥ Variable
> I AFCEUE Normalcdf (lower= upper= u= o= )
> ER. IEIET5H 100 B8 1000; ERIMEH Z {8, u=0, o=1

Step 3: Answer the question.

b. MHEBR 7 &

Step 1: 11525 MENU2---DIST---NORM---InvN

Step 2: Data i%£#¥ Variable

Step 3: #I AR EUE invNorm (central/left/right area=  p= o= )
R AT area 287

ANyl X
- \ = o |

0 7




Unit 2 Exploring Bivariate Data (5-7%)

1. Analyzing patterns in scatterplots
a. DFSO

There is a (extremely/moderately) (strong/weak), (positive/negative)-association, (linear/nonlinear)

relationship between _ x  and __y . There is no obvious outliers/There is/are potential outliers.

b. The interpretation of the strength
Strength A H A& s i 2 [A] 261 20 R 2 T T, 7T LA correlation (r) coefficient KA & strength.

2. Correlation coefficient (r)
a. Correlation coefficient F5E X 58
Correlation (r) coefficient: | & linear relationship [ strength FI direction

r:n—1z(xs x)(ys 2 :n—1z(zx)(zy)

y
Strong No Strong
Negative Correlation Positive
fairly moderately
l strong | weak  strong
| 009 | o3 o5 |
-1 0 +1

r A F[-1,112[8, r > 0483k position-association, r < 0fX3 negative-association

b. Correlation coefficient f{] f KIE R IR

x 5y B, v A, (RS0

x 5 y i3 unit, r A2

rHICHAL, HRIEZA BAL

r=-1 ANA] PAPRAIE — 52 /&2 negative linear, %7 residual plot, [N 7] GEANE linear
r (EANREIREE non-linear 5855, H AL (curve) G

correlation A~%§T causation, AR —ERZF R KR

categorical variable ANFETHH 1 {H

r HA R DR — DR E KR

c. Bt R-sqErfE

r2 (R —sq) (IEFEE slope)

w

HJEE Least-square regression line (G HH MRS R)

Interpreting the regression line

®

y=a+ bx
¥: predicted value of y for a given x
b: slope
a: y-intercept



b. EEGTHRAFRISR

Minitab
Predictor coef
Constant 38267 « y-intercept (a)
Miles driven (x) | -0.16292 | « slope

price = 38267 — 0.16292 (miles driven)
W x My Bk GREERTEAEANX E); predicted Fr

4. f@FE slope, y-intercept, S, R-sq I8
a. Interpreting the slope

When (the name of x) increase 1 (unit), predicted (the name of y) will increase/decrease (sbsolute value of
slope) (unit).

Example: When miles driven increase 1 thousand, predicted price will decrease 0.16292 dollar.

b. Intrerpreting the y-intercept

When (the name of x) is equal to 0 (unit), predicted (the name of y) is equal to (y-intercept) (unit).
Example: When miles driven is equal to 0 thousand, predicted price is equal to 38267 dollars.

c. Interpreting the residual and S (standard deviation of the residual)

Residual: When (the name of x) was ___ (unit), the predicted (the name of y) was ___ (unit) lower/higher
than the actual y.

S (Standard deviation of the residual): When using  to predict __, we would expect a typical residual
to be (5%).

d. Interpreting the R-sq

There are % of the total variation in (the name of y) be explained by the LSRL of using (the name of x)
to predict (the name of y).

5. VP ERBIRIF R &AINT R Linear

IR G IR HT: @I S Al R-sq SKRAIWT, 4 S B/ (residual BU/NMURIRZEB/N), R-sp K (P
explained [] variation #% ) I, ZRPERIRLT,

Linear 575 #|W7: 7E Residual plot #', #{s5# random, & linear.

104 . Residual Lag Flot
.

Residual(f)
)
o
1
v
1
1
'
1
o
1
|
.
1
)
1
1
'
1

T T
-10 -5 10

0 5
Residual G-1)

‘‘‘‘‘‘‘‘‘‘‘‘‘

Random residual plot---linear Curve (B{HAH) residual plot--- nonlinear

6. Two types of influential points
High-leverage points: x M KB /IME, ZLE x ) mean, 520 slope (low-leverage points /S50 )
Y J5 1A _L Y] outliers: residual K, XTI correlation 52K

10



Unit 3 Sampling and Experimentation: Planning and Conducting a

Study (10-15%)
1. DOFMGFER XS
Sampl FI A
Census 5 ) ample survey ?Mf i 3
(72— obs. study, HATE)
£ population FHAEAS individual 1% i £E sample (n)Z: Tl population (N)
%% population & (u, 0) 43| sample i (%, s)
Observational study Experiment
WL EL & variable, B M (HE2) YRS treatment, 25 response
Bivariate X{ 4% & Bivariate X{ 4% &
No cause and effect it 7¢ cause and effect
/ A random assign

2. X4 AT random sampling
a. Simple Random Sample (SRS)
Every group of n individuals in the population has an equal chance to be selected as the sample. (n sampling

variability )

Sampling method:

Step 1: label---%5 population (N) HJEEA individual —AMEEE BB AR (A1 B ND.

Step 2: randomize---H random number generator, 7& 1 | N Z[d], 724 n NMEE (Sample 1).
SR PR EEZ5 A population —/MEFE AL FARIC; 2 Nk, SRS 8 H A

b. Stratified Random Sample

The population is divided into groups called strata and a simple random sample is selected from each stratum.
It is homogeneous group. 7 224 population ARPFRFAE 7> A, R ANBENLIIRE. CZHANH L AHTED
Sampling method:

Step 1: using xxx as strata---HR4F FLORFEREAT 770 )=, AR5 Z 4L LU AT e

Step 2: label all individuals within each stratum. Randomly draw X different integers from each stratum.

Example:
s A —20% (stratal)
10 A —30% (strata2)
B 15 A —40 % (strata 3)

Using all resulting 30 people accordingly as the Stratified Random Sample.

¢. Clustered Random Sample

In cluster sampling, the population is divided into heterogeneous groups called clusters, and we then take a
random sample from among all the clusters. I population 1£5& 7 B%5€ 4 —FERIHE . CALAT R 4PN ASTAD
Sampling method:

Step 1: using xxx as cluster.---Ffi /153 BN 58 22— FE Y cluster

Step 2: random---F] random number generator MFTH clusters FAERIEFE—, 8 H1% cluster F A
individual /E RFEAR

11



Example:

«—30 A\ (cluster 1)
«—30 A\ (cluster2)
<30 N\ (cluster 3)
<30 N\ (cluster 4)
<30 N\ (cluster 5)
<30 N\ (cluster 6)
<30 N\ (cluster 7)

The cluster 7 is selected as samples using random number generator.

d. Systematic Random Sample

Systematic random sampling is a method to select samples at a particular preset interval.
Sampling method:

Step 1: Rf B4 BT A MR IR — P HF

Step 2: ffi5E AL A randomly

Step 3: R4 bb A1 45 2E HURE

Example:

Random: 7E 1500 > A\ K population # & 5 Random 7E 1-50 FHfER A GEAZATAZET)
Select: #AJE%E 50 N(EFER)EL 1 /M, B30 X (n), 15330 4 different number
A5 £ J5 KR ) 30 AAEA— n=30 [ Systematic Random sample

3. Sources of bias in sampling and surveys

a. Poorly designed sample (non-random sample)

Convenience sample (7 &#, #73kMEIHE)  + voluntary response sample (%A%, EJEIE)
F=E [ bias, AHBEA random.

b. Undercoverage bias
2 AR — 5 T AR S B 3 B 2
Et.an AL 1andline number /4 population list K4 random sample B, Z0& 7 3A FEALHT N FE

c¢. Non-response bias

H T FEAR R AMEIE L S s e kS iR B 2B W2 . HisH K AEAE design random sample J51A
HEF.

el 1 1500 A random sample, [ RE FLIE R A R A . Bl HL1E AR 300 A, o4 180
NEA TAE. MSERRZTT R RA 20%KM0 3 PRI NRAE TR, e s A oikAR
KAREBIEFIN, FIFERIFE overestimated.»

d. Response bias

(K4 ethical, age &5 R I T2 T incorrect answers. HKAEFEELREF, FAR 47738
individual (7, T3 answers #[H & 5HFEANZ R AWFZ -

Wording of the question: T~ [0 % (1) o @G Wi [ 14 51 5, T2 answers #B [ 72 5HR A2 Zmfe

12



e. Fi£ bias

Bias
T'he systematic favoring of certain outcomes
due to flawed sample selection, poor

E“L/E\A Bla s question wording, undercoverage,

nonresponse, etc.

Bias deals with the center of a sampling
distribution being “off™!

SRSEETAR

+ Convenience
» Voluntary

SRStEi&7NE
« Undercoverage

AC0 120 (Hllandiine )

response
Bias
BiasZRH
. RSIE{aFBias Aftor EREZIEAYBias
- GAER  XMbiashtAas + Nonresponse
8 ( possible/maybe ) + Response Bias
« SH  YBHERTREHSRARE -wording of Qs

BRI -underikRoverestimated

4. X4r+¥it completely randomized design/block randomized design/matched pair design
a. Completely randomized design

H chance 43 experiment units 25 %f . treatment, RIS . HELE

Example:

To implement the design, state by labeling each house with a distinct number from 1 to 60. Write the labels
on 60 identical slips of paper, put them in a hat, and mix them well. Draw out 20 slips. The corresponding
homes will be given digital displays showing current electricity use. Now draw out 20 more slips. Those
homes will use a chart. The remaining 20 houses will be given information about energy consumption but
no way to monitor their usage. At the end of the year, compare how much electricity was used by the homes

D’WWPI > -VverW\VV\'f/[
/7 W honse \\
-

Vo bt ot //’? & e
w'l'ﬂwmm w hwed

in the three groups.

fo \onet, —

\ [})YOWf; . -(*/VQMTW\W’[’A
W VoA

iR .45 To implement the design, state by labeling each XXX with a distinct number from 1 to X. Write
the labels on XX identical slips of paper, put them in a hat, and mix them well. iR U E/RE5H . Draw
out X slips (LS —2H) . 15 B 25 —2H treatment. Draw out X slips(FHERZE — 20 ) 1 AH 58 21 treatment.
Draw out X slips CGHEUEE —=41) 1 BHEE =4 treatment. 15 BHSEE0 H .

b. Block randomized design

Je 4 exp. Unit 73 1% blocks (G TN B 73 53/2 38/1HD, B4 block A ] completely randomized
design.

A B#AK variation, $EHEEHZAEE, —FhFF#RMY block randomized design #& matched-pair design.
Example:

To implement the design, state by labeling each volunteer with a distinct number from 1 to 10. Divide the
volunteers into two blocks according to whether they have smartphones or not. In “smart phone users” block,

13



let 6 volunteers stand at random. Randomly select 3 people in “smart phone users” block to use Key A; then
let the remaining 3 people use Key B. In “non-smart phone users” let 4 volunteers stand at random. Randomly
select 2 people in “smart phone users” block to use Key A; then let the remaining 2 people use Key B. At
the end of the assignment, the typing speed of volunteers with a cell phone and using Key A, with a cell
phone and using Key B, without a cell phone and using Key A and without a cell phone and using Key B

was compared.

fey A
/ S5 ot A > iy spee

o I T Sy T
3
v Oluvite .. A
N WOV~ CYINTD o A /7% 7WV\3§TCM
F\/mae WAS O 1 AW -
p VAN i

c¢. Matched-pair design

e RECXS exp. Unit (ANAE random), 7E random assign FCXT/INH YR, WESCESZ MBS treatment. (A
T S AR BT B AR, 4 difference {FEN—> sample)

IMTEE RS difference FoR mean. LA : BEATINEE/NE difference.

With subjects in pairs: X pair ', FATEHXF FHAT group, I HB—D NG TAFHK treatment,
fE—A> pair FEBH NN, HF—A A& control group (GEEAIE Y treatment 1] P2 control) .
Example: FATE LA ME R FABCR WA, F23ATH 50 MER-T50 5 25 4, SRR EE
BAGERX EA—E RN, &P REPLEE—MHEEA 1, 75— BT 2, 85 B
S

With Subjects as Individuals: 3XF pair 91, & MEAAFE 2 FFERIPIM treatments, {HIKFFANF .
F—" individual H C\#& H C.¥ control group.

Example: FATMN—FOB 7R ZER NG, FRATIES: 50 HipiRZE, HABEPLEH —FRREL R
EeNG, AERIEIAMACHE: BT RVRENME AR . A5 LLRAZE R .

5. Experiment language

Explanatory variable x: i N A AR B Experiment unit SEIGRT 4

Factors 24~ x (HE Subject N (ERSEER X 50
Levels K (x % EED Replication HE

Response variable vl &

Treatment AR5 AR 520 5 (trails)

Treatment £ fE=x%(F X xHUH level
Confounding variable | JRIEALHE: 5 HA RN B KM E, confounding variable f§ [ 32
R T EENKR.

Random assignment Experiment units are assigned to treatments at random, that is using some sort

of chance process.
YER: eliminate & 7E/¥ confounding variable

Example: What are the effects of repeated exposure to an advertising message? The answer may depend on

both the length of the ad and on how often it is repeated. An experiment investigated this question using 120

undergraduate students who volunteered to participate. All subjects viewed a 40-minute television program

14



that included ads for a digital camera. Some subjects saw a 30-second commercial; others, a 90-second
version. The same commercial was shown either 1, 3, or 5 times during the program. After viewing, all the
subjects answered questions about their recall of the ad, their attitude toward the camera, and their intention
to purchase it.

Experiment unit (subjects): 120 undergraduate students Factor 8
Repetitions

Replication: 1, 3, or 5 times
1time 3 times §times

Factors: the length of ads; times of replication 2

Treatments: (1 time, 30 seconds), (3 times, 30 seconds), (5 times, 30, . 4 Scoonds ! 8 A

seconds), (1 time, 90 seconds), (3 times, 90 seconds), (5 times, 90 Length 49 . . :
Scconds

seconds)

6. Well-designed experiment

*  Random assignment: allotment of treatments to experimental units

*  Replication n > 2

»  Comparable groups: comparisons of at least 2 groups, one of which could be control group (#F{HIE
)

*  Control potential confounding variable

7. BEZR3REK Causation 134 ¥t

H# 157 Random assign AN & & 5 /71E control group; JE Random assign R GEFF HY x Al y AR %
A Causation

KT4518: A bias 1) Random sample 7] PL_EF+F| population, T Volunteer R & FF+ZIAMBATH &
similar fIFEAA

15



Unit 4 Probability (10-20%)

1. %5 probability ¥t simulation & %%

Step 1: State 3 n] &

FEFEREHL A R, FEAE R IR R 2/ (DACHIIRT & IR 5 I 2 MR A

Step 2: Plan ZwhdHi

FIH chance device, £ record il ignore FI%#E

Step 3: Do

RIEIMASFIN], = 30-100 SE HEEZE, 1HIEE/dotplot/ 3L F-

Step 4: Conclude

MRIEAF BN AIMESR, [R]85 o) @ A 1

Example:

A EHRREP R 20:600, A1FNRIZZ IR L T 10 5KBEE . 1§ B AR R 2 2 02
State: XM FH, INEIATTREAWTFI LB (—IRE 10 5K, FIED . FEEFA T AT AT IX 4
AL AN

Plan: #4600 5k4%, JLr 20 SRR AR, BRI 10 7K, 103 T G EE

Do: # BHIFT NZXEL . HWHEKZ 1000 ¥k, 53] 1000 7

Conclude: 3% 1000 NMEFH 0 FILLH] . X idin T A LA

2. Probability & X

a. ZHER
KA FE
SR =——————
FEA 2 ]
b. TR

Law of large numbers

If we observe more and more repetitions of any chance process, the proportion of times that a specific
outcome occurs approaches a single value (the probability of that outcome).

Long-run relative frequency (probability=relative frequency)

The probability of any outcome of a change process is a number between 0 and 1 that describes the proportion
of times the outcomes would occur in a very long series of repetitions.

3. Exclusive events and addition rules

a. Basic probability rules

For any events, 0 < P(4) < 1.

number of outcomes corresponding to Event A

P(A) =
) total number of outcomes in sample space (universal set)

If S is the sample space in a probability model, P(S)=1 (The sum of all probabilities is 1.)

b. Complement set

P(A) = P(AS) = 1 — P(A)
A AN A IAME Complement set, P(AS) AR A HIMER .
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c¢. Addition rule for mutually exclusive events

A B A B

AandB are
Mutually exclusive Aand B are NOT
Mutually exclusive

ANnB (A M B[R A4 Aand B)
P(AUB) = P(A)+P(B)—P(ANB) (A K4t B K4 AorB)
Frk: BB ACEER (A and B are mutually exclusive) P(A U B) = P(A) + P(B)

4. Conditional probability and independence
a. Conditional probability

P(B|A) = the probability that event B happens given that event A has happened.
TEFE A KRR FHLE B % P(BlA) = ZU02)

P(A)

ESIE B RSN A A (8% P(4]B) = 240D

P(B)

In the AP Exam, use a verbal equivalent instead of A and B. E.g.,
P(reads NYT|reads USA Times) = P(B|A)

b. Independent event and general multiplication rule

{H—/~ event KAEIFEAH A 5 —A event F KA FI v GEVERT, PHLEFEIAL
If P(A|B) = P(A) and P(B|A) = P(B) — independent

General multiplication rule

P(ANnB) =P(A) X P(B|A)
where P(BJA) is the conditional probability that event B occurs given that event A has already occurred.

c. Tree diagrams
Through the tree diagram, the probabilities in the context are represented.

Example: Toss a coin

First toss Secondtoss  Outcome  Probability
1 1.1 1
3 —H HE 35
1 < 1
= H= =
A ~2 1,11
o 1 1 ~T HT 27274
-2 2 —H TH 1,11
h — 27274
.2
1,11
o 9T
P(two heads) = = x = = &
wo headS) = =X - =—
2 2 4
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For many related problems, we can use both tree diagrams or general multiplication rule to solve them.
Sample question:

93% of teenagers (ages 12 to 17) use the internet; 55% of online teen have posted a profile. Q: inline and
post the profile?

[Method 1] Tree diagram method

According to the tree diagram, 0.93 x 0.55 = 51.15%
[Method 2] General multiplication rule
P(ONP)=P(0)xP(P|0) =093 x 0.55 =51.15%

d. Independence and mutually exclusive
Independence P(B|A) = P(B)

Mutually exclusive P(A and B) =0
MSIANE Jx HFAMSL BSAAT Re RN R A

5. Discrete random variables and mean (expected value) and SD
a. Random variable

A random variable takes numerical values that describe the outcomes of some chance process.
N

g
3
-3

P23 7
Vome
Probability distribution

[ =
0

The probability distribution of a random variable gives its possible values and their probabilities.

M. x; Yl P(x)

b. Discrete and continuous

Discrete Continuous
x #& numbers JEREE 4L x Fe SR )AL TEVZ list all values
e.g., BT KK e.g., FHERE VIS
P(x = DFP(x > 7)A[H BAMEREMRIGENO P(x=7)=P(x>7)

c. Mean (expected value)
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Uy = E(x) = x1p1 + X3p2 + X3p3 + -+ x;p; = mei

Interpretation: If many many XXX are randomly selected, the average number of XX is expected to be XX.

d. Standard deviation (and variance) of a discrete random variable
Variable

var(x) = 0f = (1 — py)?p1 + (%2 — py)?py + (03 — ) ?p3 + - = Z(xi — W)?p;

Ox = /Z(xi — )P D

Interpretation: A randomly selected XXX will typically differ from the mean by about XX units.

Standard deviation

6. EHPENZEREA 1—— —4)4F Binomial distribution

a. Binomial setting (condition)

1) Binary: RFEEEIIEAR)

2) Independent: trials Z [AIFH ST, p ANAE (BF—IK trials F45 R ICE predict F—10
3) Number of trials: n CAT (FEEIXFANLIFE n 770

4) Success [ p CATH AL

b. BEREHEX
F£R: B(n= i p= ) V¥ & n: number of trial /N /& repeat FJIXEL

# X: x=number of success when repeating n times (RIIFIMEZE N p, AEIIAFIBEZE R 1-p)

c¢. Binomial probability

R A

p(x = 3) = Bed (lower = ____upper = n= p= )
p(x =3) = Bpd (x = n=__p=__)
1) p(x=3) EE n &I 3K
2) p(x=3) EE n REDHI)3 X
3) p(x>3)=px=4) EEn JRWZT 3 K GHEGHEAREE=>H=)
AR

p(x = k) = (@ (1 —p)"*
p ABINIIEZE: 1-p AR HIGEZ
GBS R nCk, e n A kA BN 5 v 3 4

d. Mean and standard deviation of a binomial distribution
1) mean (u,) =np

2) SD(oy) =np(1—p)

3) Shape: Approximately normal 2&ffnp > 10 and n(1 —p) = 10 CERIIGRESHEL 10 VO
4) Interpretation:

a) Mean: on average, the expected number of success when repeating B for n times with a constant
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succussing probability p is about to be L.
b) SD: the typical difference between number of success and its mean when repeating B for n times

with a constant probability p is about ox.

7. BEHEPENEREMRE 2— L4 4F Geometric distribution
a. Geometric setting (condition)

1) Binary: RFEERI) p=IIMEZE

2) Independent: trials 2 [BJAH B 57, pis fixed

b. EREEX
G=number of trials...until success (EEATE & max, WINEERG —IK)

c¢. Geometric probability

FERBY (AREGHES Gpd)

p(G=x)=0-p)*1-p
(1 = p)* " UNRMIEE; pIirIZ (BJa—x)
BiAT) GHER Ged)

d. Mean and standard deviation of a geometric distribution

1) mean = 2
p

x —y1-p
2) o ;

3) Interpretation

a) SD: values of typically vary from p by about o, on average.
b) Mean: in repeated sampling from the distribution of , the average of values will approach
mean.

8. BENIZERILMFEH: Linear transformation of a random variable
Adding (or subtracting) the constant --- shape A"4F mean, median, quar +a
Multiplying (or dividing) by a constant --- spread, mean, med X b

9. MOrFEHLZERIIME Combing random variable

RV AHERAL: pgpp = a+b(y)  arpx = || (0y)

RV ARI Gl x By S pyyy = fe + yi OF4y = 07 + 03
RV A Gl x By IS pyy = py — i 02—y = 07 + 03
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Unit 5 Sampling Distributions (7-12%)

1. Sampling distribution f¥JEE 1
a. Parameter and statistics

Parameter (population {H) Statistics/estimator (sample 1)
Mean u X
Variance a? s? or s?
SD o sors,
proportion p 4

b. Unbiased estimator (center) and sampling variability (spread)
1) Center
a) Center=biased and unbiased estimator (center 5 n JG3¢, HANRHZ 7VE\A A I

b) Biased estimator var = % Y(x; —x)?2 Unbiased estimator var = anl Y(x; — )2

c) XF—ALfmfhiit, Statistics’ sampling distribution [] mean ¥ /& parameter
2) Spread: sampling variability (sample mean < [F][{] 2 5%)

b) The larger n, the smaller sampling variability

n = 1000

0.25 030 035 0.40 045 0.50
Sample proportion

2. Sampling distribution for proportion

T
0.5

Sampling distribution for proportion Sampling distribution of p, — Pg
Mean Up =D Up,—pg = Pa — P
r(1—p)
oy = |[—— pa(l —pa)  ps(1—ps)
Spread n Opo—pp = \/ nA + -
05 max: when p approach 0.5 and n T
10% condition: n; < 1—10N1 n, < %Nz
. 10% condition: n < — N
Condition 10 2 independent random sample
Large count: np > 10 n(1—p) =10 (Dependent: 2 proportions in 1 sample)
Large count: np > 10 n(1 —p) > 10
If not N RN
SD A2/ (R8T 1 175 %)
dependent

3. Sampling distribution of sample mean

Sampling distribution of sample mean
sample mean

Sampling distribution of difference in

Mean Ke = I Pi,—%p = Ha — Up
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Sampling distribution of sample mean

Sampling distribution of difference in

sample mean

o
Oz = — 2 2
Spread * Vn Og,—%p = %4 4%
The larger n, the lower variability na T
Normal
1) Ji population J& normal, W E#25E
Normal % 1
N J norma
1) Ji population /& normal, NI E#zE X o .
. 2) Central limit theorem: J& population 3f
9 normal L, A REx=30 (5 LA
normal , 1H X = Y
2) Central limit theorem: Jii population JF =
.. v N normal)
Condition normal , {H i £ x>30 (& LA .\ . .
D 10% condition when sampling without
norma

10% condition when sampling without
replacement

N is at least 10 (n) --- independent

replacement

Na is at least 10 (na) --- independent
Ng is at least 10 (ng) --- independent
2 independent random sample

(Dependent: 2 proportions in 1 sample)
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Prep Session for Inference Statistics (Confidence Interval Basics

and Significance Test Logics)

1. Confidence interval basics
a. The purpose and idea of confidence interval
1) BEXEKHK: estimate parameter
2) Point estimator: fitiil- parameter ffJ—> statistic; Point estimate: 1T statistic H—/> FAA&/E
3) The idea of confidence interval
a) FERMTEEIFERERES, A 95%MIFEA T IH 275 7E X [H] {:r“
(LAXE) W L
b) IXRATRE p A 95%H B A X ]

c) Population {E & %37 interval H Probabiliy « 005

b. The definition of confidence interval, margin of error and confidence level

1) E/FIX[H confidence interval: A C% confidence interval gives an interval of plausible values for a
parameter. The interval is calculated from the data and has the form:
point estimate + margin of error (ME)
2) 14BRiRZ margin of error: The difference between the point estimate

and the true parameter value will be less than the margin of error in @
C% of all sample. /ﬂ
3) EfF/KF confidence level C%: The confidence level C gives the g,
overall success rate of the method for calculating the confidence ‘—Valufmfx—‘
interval. That is, in C% of all possible samples, the method would 9.
yield an interval that captures the true parameter value. = This interval
. misses the true /.
959 = fu% parameter HJ CI 1] = = =2 21;3.[-:3.““

#4100 4> samples 152 CI
flan: B HUE 200 /X, A 190 X sample 15 2| [ interval JF | F LA parameter, A 10 KB
{. Confidence level=190/200=95%.

4) Interpreting the confidence interval: We are C% confident that the interval from to captures

the [parameter in context].

2. Significance test — logics
a. The definition of the significance test

1) Significance test: a formal procedure for comparing observed data with a claim (also called a hypothesis),

the truth of which is being assessed.

2) AR¥E sample X Lt population HE &N H LN (AREER)

b. State hypothesis
1) JE{E % null hypothesis: Ho; £ ##{Ei% alternative hypothesis: H, (P& AR
2) Hgy: population fH = #iiRATH2E
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3) Ha

a) population & > FRFTHE (right-side test)
b) population ff < #1RHTHE (left-side test)
c) population 18 # 5 iRATHE (two-side test)

¢. Conclusion

Reject | Donot | Reject
Ho \rejectHo} Hq o I
I I

| ! I

I

I

I

PAS

Reject | Do not reject Hy
H

Do not reject Hy | Reject
I Hy

(a) Two-tailed

(b) Left-tailed

(c) Right-tailed

Two-tailed test

Left-tailed test | Right-tailed test

Sign in H, P
Both sides

Rejection region

< >
Left side

Right side

P-value < a. We reject Ho and we have convincing evidence that H, is correct.

P-value > «a. We fail to reject Ho and we do not have convincing evidence that H, is correct.

3. Power of the test and two types of error

a. Type I #l Type I1 £51&

Type I 51t

Type II &5

Hp is incorrect

Hy is correct

P-value < « P-value > «
Decision Reject Ho and Ha is correct Fail to reject Ho and no evidence that H. is
correct
518588 5 188K 545 5 R AR
Truth Ha. is correct Ha. is incorrect Ha is incorrect Ha. is correct

Hy is correct

Hy is incorrect

Power of the test

Type I error

Wl F

Type II error

b. Power of the test and two types of error

power of the test = P(#3Hi Type I Z51|H, is correct)
type I error = P(#3H Type I £51&|H, is correct) = the defi of «
type Il error = P(#3 ! Type Il 451 |H, is correct) = B
The relationship between two types of error and power of the test
power of the test = 1 — 3 (type Il error)
type I error T power of the test T type Il error |

c¢. How to increase the power of test

1) Increasing sample size (T n)

2) Increasing the significance level (T o)

3) Increasing the difference between the null and alternative

4) Parameter values that is important to detect (i%&—>5 izt ] parameter)
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Unit 6 and Unit 8 Inference for Categorical Data — Proportion and

Chi-Square (12-15% for Unit 6; 2-5% for Unit 8)

1. Inference for categorical data about proportions
a. One-proportion-z-interval for population proportion
1) Condition

a)  10% condition: when sampling without replacement n < 1—10 N

b) Large count condition: np = 10 and n(1 —p) = 10
¢) Random sample: well-designed random sample
2) Do

a)  Using 1-prop-z-interval with C%= X= n= , we find the interval ( , ).

by ptZz* @ (point estimate: P; standard error: @; critical value: Z*)

¢) PRI 1/2, ME K

3) Conclude: we are ¢% confident that this interval from to captures the true proportion of

4) FRQ HEFHH confidence interval 3K determine something B, JG[A%F: all values within this

interval are plausible values for the true proportion.

b. Two-proportion-z-interval for population proportions
1) Condition

a) Random: two independent random sample or two groups in the randomized experiment

b) 10% condition: n; < % N; n, < 1—10 N, (experiment do not need to check the 10% condition)

¢) Large count condition: nyp; = 10 and n;(1 —p,) =10 n,p, = 10 and n,(1 —p,) = 10
2) Do

a) Using 2-prop-z-interval with C%= X1= ni= Xo= np= , we find the

interval ( , ).
A . [Pa(i-p ps(1—p . . I ————
b) Pa—PgtZ \/ Pal - LZV (1n Pp) (point estimate: P, — Pp; standard error: |PaCPa) 4 PeC-Po),

critical value: Z*)

3) Conclude: we are ¢% confident that this interval from to captures the true difference

between to (Pa-Pg).

4) #1ARETS H confidence interval 3K determine something. #7 interval X fii. 0 1F, WIZEiEHAIWT (no

exactly difference)

c. One-proportion-z-test for population proportion
1) State

a) Hy:p=80%H,:p>80% (right-tail test)

b) Hy:p=80%H,:p <80% (left-tail test)

¢) Hy:p=80%H,:p+ 80% (two-tail test)
2) Condition
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3)

4)

)]

2)

3)

4)

3)

a)  10% condition: when sampling without replacement n < 1—10 N

b) Large count condition: np = 10 and n(1 —p) = 10
¢) Random sample: well-designed random sample

Do
a) Using 1-prop-z-test, with x= n= , we find z= and p-value=
b)  Test statistic: Z; = pp
r(1-p)

n
Conclude
a) P-value < a. We reject Ho and we have convincing evidence that H, is correct.
b) P-value > a. We fail to reject Ho and we do not have convincing evidence that H, is correct.

Two-proportion-z-test for population proportions

State

a) Hopa=pp Pa—pPp=0 Hy:ps > pp pa—pp > 0 (right-tail test)
b) Hy:pa=psg Pa—ps=0 Hy:pa <pp Pa—pp <0 (left-tail test)

¢) Hoypa=ps Pa—pPp=0 Hy:pa # Ps Pa— P # 0 (two-tail test)

Condition

a) Random: two independent random sample or two groups in the randomized experiment
. 1 1 . .
b) 10% condition: n; < = N; n, < = N, (experiment do not need to check the 10% condition)

¢) Large count condition: nyp; = 10 and n;(1 —p,) =10 n,p, = 10 and n,(1 —p,) = 10

a) Using 2-prop-z-test, with xa= na= XB= ng= , we find z= and p-

value=

A _ XptXp

b) Test statistic: Z; =

a0 5
ATPB R R 1 1 ngt+n
(P =PIGE+ ) e

Conclude
a) P-value < a. We reject Ho and we have convincing evidence that H, is correct.
b) P-value > a. We fail to reject Ho and we do not have convincing evidence that H, is correct.

Inference for categorical data: Chi-square
The chi-square statistic y?

R J7BIEI: Comparing observed and expected counts
The chi-square statistic is a measure of how far the observed counts are from the expected counts. The
formula for the statistic is

, _ \( (observed — expected)?

x expected

where the sum is over all possible values of the categorical variable.
x? distribution

a) x2BA<0 [ negative value

b) x? distribution Hi df ¥&7E; H shape Fi% df SR BAL
c) dfifkK, skewness /) 61 3 ¢'2 3’28

Chi-square
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4) The y? distribution and p-value (take an example)
a) Example: AF|ERRAFEGIIG 50 BB S EIREAMLER 13%, #M0 14%, 2860 16%, B
20%, Wt 24%
b) do arandom sample of 60 candies and record the results as

.Color | _Observed
Blue 9
Orange 8
Green 12
Yellow 15
Red 10
Brown 6

c) calculate expected counts expected counts = np

Oranggz (60)(0.20) = 12.00 Color Observed Expected
Green: (60)(0.16) = 9.60 Blue 9 14.40
Yellow: (60)(0.14) = &.40 orange s 1299
G {[22) k)= Green 12 9.60
Red: (60)(0.13) = 7.80 Yellow 15 8.40
Brown: (60)(0.13) = 7.80 Red 10 7.80
Brown 6 7.80

d) calculate y? anddf(df =k—1=6—-1=05)

9 — 14402 (8 —12.000 (12 — 9.60)?
2_ | )+( )+( )

14.40 12.00 9.60
(15 — 8.40) . (10 — 7.80)% (6 — 7.80)
8.40 7.80 7.80

=2.025 + 1.333 + 0.600 + 5.186 + 0.621 + 0.415 = 10.180

e) get the p-value according to the table ¢

Table C Chi-square distribution critical values
Tail probability p

o 2B 20 15 05 02 o1 005 005 001 0005
1132 1s4 207 271 | 384 502 541 663 788 914 1083 1242

2 27 32 379 461 599 738 782 921 1060 1198 1382 1520

3 41 484 532 625 781 93 984 1134 1284 143 1627 1773

4 539 599 674 778 _ 949 1144 1167 1328 1486 1642 1847 2000
~5 66 720 812 924107 1283 1330 1500 1675 1839 2051 22
6 784 856 045 1064 1250 1445 1503 1681 1855 2025 2246 2410
7904 980 1075 1202 1407 1601 1662 1848 2028 2204 2432 2602

b. x2-GOF-test (chi-square-test for goodness of fit)
1) State
a) Ho: the company’s stated XXX distribution for XXX is correct.
b) Ha: the company’s stated XXX distribution for XXX is not correct.
¢) Or:Ho: ppiwe = 0.24 Porange = 0.20 pgreen = 0.16 ...
Ha: at least two of p;’s are incorrect.
2) Condition (Ei}H expected value 32— 5 1E condition #5473 )

a) Random: random sample

b) 10% condition: when sampling without replacement n < 1—10 N

¢) Large count condition: according to my calculation, all expected counts are at least 5.
3) Do (ff FHTH5#3HT, expected value 7L list 2, HFEFHD

a) Using y?-GOF-test with df=  , we find that y?>=  and p-value=
4) Conclude
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a) P-value < a. We reject Ho and we have convincing evidence that the company’s stated XXX
distribution is not correct.

b) P-value > a. We fail to reject Ho and we do not have convincing evidence that the company’s
stated XXX distribution is not correct.

5) Follow-up test for the y?2-test

a) CNTRB value: detail contribution

b) IHEETRH CNTRB 2 HILFE List 3 #1, CNTRB B 3B BAME XS SRR 7 R 5R 07
[N UEZ

¢) CNTRB = Che E)Z/E

d) Ak, CNTRB KA &R, FRATFRI: XXX is largest contribution to the x? statistic.

c. y>-test for Homogeneity

1) Purpose of y?2-test for Homogeneity: comparing distribution of a categorical variable (F#fE >k 5 P/
B BL ST BENLAEAS, DRAIWT LR E S R A R 25 —30
2) State
a)  HO: there is no difference in the true distributions of XXX. ( =F## 'K T entrée 4347 A [F])
b) Ha: there is a difference in the true distributions of XXX. (=Fh# K T entrée 734 A [A])D
3) Condition

a) Random: several independent random samples or groups in randomized experiments were used
b) 10% condition: n < 1—10N

¢) Large count condition: according to my calculation, all expected counts are at least 5.
d) Expected counts table (15 AT test 5 H BN expected matrix 42 7E Mat B #1, 7E5%4F
By, BERRE LA D

(47 total) (1 total)

expected counts =

& total
4) Do (FETFEZREHES, HFFEAE observed B A Mat A BT[], ANFTEELE expected §ii A\ Mat B)
a)  Using technology y?2-test for Homogeneity with df=  , we find y?=  and p-value=

5) Conclude
a) P-value < a. We reject Ho and we have convincing evidence that there is a difference in the true
distribution of [entree ordered] when [no music, French music, or Italian music is played].
b) P-value> a. We fail to reject Ho and we do not have convincing evidence that there is a difference
in the true distribution of XXX when XXX.
6) Follow-up test for the y?2-test
a) SPSS\MATLAB %% {4 th 45 44 CNTRB

Chi-Square Test: None, French, Italian

Expected counts are printed below observed counts
Chi-Square contributions are printed below expected counts

None French Italian Total

1 Obs 30 39 30 99
Exp 34.22 30.56 34.22
CNTRB 0.521 2.334 0.521

2 11 1 19 31
10.72 9.57 10.72
0.008 (7.672 6.404

3 43 35 35 113
39.06 34.88 39.06
0.397 0.000 0.422

Total 84 75 84 243

Chi-Sq = 18.279, DF = 4, P-Value = 0.001 |
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)]

2)

3)

4)

5)

)]
2)
3)
4)
5)
6)
7)

y2-test for Independence

Chi-sq test for independence and homogeneity [X J]
a) Independence: one single random sample
b) Homogeneity: several independent random samples or groups in a randomized experiment.
c) Purpose of y2-test for Independence: find the evidence of an association between two categorical
variables from a single sample. (XfF—> sample FIFHNAFFRHIE, EGiE5: BuEiHA Lk
5
d) AH[FIA: Two-way table, Do 54 4HIA]
State
a)  Ho: there is no association between X and Y (independent).
b) Ha: there is an association between X and Y (no independent).
Condition

a) Random: a random sample
b) 10% condition: n < 1—10N

c) Large count condition: according to my calculation, all expected counts are at least 5.
Do (fEITH 2R AR, HFTEEALE observed HEiA Mat A BI ], A FEEAE expected ¥l A\ Mat B)
a)  Using technology y?2-test for Homogeneity with df=  , we find y?=  and p-value=
Conclude
a) P-value < a. We reject Ho and we have convincing evidence that there is an association between
XandY.
b) P-value > a. We fail to reject Ho and we do not have convincing evidence that there is an
association between X and Y.

FHEERED

Total AE R HHIFEAT, AHIN;

& expected KT 5T 5! A2 obs;

BT expected counts F:51%;

Chi-square test ] A I %R counts AN 4& proportion;
Chi-square test ¥l obs I exp /& &5 H Z 7
Follow-up analysis £l #EFT exp 22 577 5 K

22X 53 two way [ F chi-square test.
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Unit 7 and Unit 9 Inference for Quantitative Data — Means and

Slopes (10-18% for Unit 7; 2-5% for Unit 9)

1. t-distribution

KN ANSNIE population SD, f#H] t-distribution 8% z-distribution. #HLF z-distribution, XJF t-
distribution A — Y4 15

> w=O0#[F, [FFf symmetric and unimodal, AR5 z —F

> Lt normal 5 F spread out (df 5 nHK)

> df | tail BIATHAECK

> df T L normal

2. Inference for quantitative data about means
a. One-sample-t-interval for population mean
1) Condition

a) Random: a random sample or a randomized experiment

b) 10% condition: n < 1—10N

¢) Normal Gi#igH—)

1. Central limit theorem: n = =30
il. Jii population is normal
1. n < 30, check strong skewness or obvious outlier through dotplot, boxplot, stemplot or

histogram (if no—assume population is normal)
2) Do
a) Using 1-sample t-interval, ¥ = Sy = C% = n= , we find the interval
( , ), df= (n-1).

b) t-interval for mean: ¥ +t* j—;‘_l (when o is unknown)

3) Conclude: we are c% confident that this interval from  to  captures the true mean of
4) Width of ME

a) C% increase ME increase

b) N increase ME decrease

¢) Sample SD increase ME increase

d) ME is NOT related to center ()

b. Two-sample-t-interval for difference between means (1, — Ug)
1) Condition
a) Two independent random samples or two groups in a randomized group

b) 10% condition: n; < % N; n, < 1—10 N, (experiment do not need to check the 10% condition)

c) Normal (n,fln, % HifLH—)

I. Central limit theorem: n = =30
il. Jii population is normal
ii. n < 30, check strong skewness or obvious outlier through dotplot, boxplot, stemplot or

30



2)

3)

)]

2)

3)

4)

)]
2)

histogram (if no—assume population is normal)

a) Using 2-sample t-interval for ,uA - ,uB, C% = X4 = S, = ny = Xp =

b) t-interval for mean: (¥4 — Xp) +t* / (When o is unknown)

c) dfis calculated by calculator.

Sg = Ng ,we find the interval (_ , ).

Conclude: we are ¢% confident that this interval from to captures the true difference of the
means (X-Y) of

One-sample-t-test for population mean

State

a) HO: u=100

b) Ha: pu > 100 (right — tail); p <100 (left — tail); u # 100 (two — tail)
Condition

a) Random sample
b) 10% condition: n < 1—10N

¢) Normal GiigH—)

I. Central limit theorem: n = =30
il. Jii population is normal
1. n < 30, check strong skewness or obvious outlier through dotplot, boxplot, stemplot or

histogram (if no—assume population is normal)

Do
a) Using 1-sample-t-test for pu, with x=____ S, =_  df(n—-1)=__ n= , We
find t=___ and pvalue=____
by t=%"Ho /sx
Vn
¢c) df=n-1
Conclude
a) P-value < a. We reject Ho and we have convincing evidence that true mean of is correct.

b) P-value > a. We fail to reject Ho and we do not have convincing evidence that true mean of

is correct.

Matched-paired t-interval for population mean
H difference AN sample mean, % difference 1 —AN ) sample
Condition

a) Random: randomized experiment or random sample
b) 10% condition: n < 1—10N

¢) Normal Gi#igH—)

I. Central limit theorem: n = =30
il. Jii population is normal
ii. n < 30, check strong skewness or obvious outlier through dotplot, boxplot, stemplot or
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3)

4)

)]

2)

3)

4)

)]

2)

3)

histogram (if no—assume population is normal)

Do
a) Using paired-t-interval with d = Sq = n= C% = ,wefind( , )
b) Jit*sd/\/ﬁ df =ny — 1)
Conclude: we are C% confident that this interval from  to  captures the true mean difference
of  between and (X minus Y).
Matched-paired t-test for mean difference
State
a) HO: uyp=0
b) Ha: pup >0 pup <0 pp#0 (difference=X-Y)
Condition
a) Random: randomized experiment or random sample
b) 10% condition: n < 1—10N
¢) Normal Gi#igH—)
i Central limit theorem: n = > 30
il. Jii population is normal
i n < 30, check strong skewness or obvious outlier through dotplot, boxplot, stemplot or
histogram (if no—assume population is normal)
Do
a) Using paired-t-test with d = ____ puy=___ n=___ S;=___, we find that = p-
value=_
b) t:d_“0/5d=d—0/sd df =n—1
Vn Vn
Conclude

a) P-value < a. We reject Ho and we have convincing evidence that XXX.
b) P-value > a. We fail to reject Ho and we do not have convincing evidence that XXX.

Two-sample-t-test for difference between means (4, — ug)
State

a) HO: pp—up=0

b) Ha: pup—pup>0 pug—pup <0 pg—pug#0
Condition

a) Two independent random samples or two groups in a randomized group
b) 10% condition: n; < % Ny n, < 1—10 N, (experiment do not need to check the 10% condition)

¢) Normal (n,fln, % HifLH—)

1. Central limit theorem: n = =30
il. Jii population is normal
ii. n < 30, check strong skewness or obvious outlier through dotplot, boxplot, stemplot or

histogram (if no—assume population is normal)
Do
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a) Using 2-sample t-test for u, — pp with x, = Sy = ny = Xpg = Sp =
____ng=___ df= , we find that t= and p-value=
Sz | SB
s + =
ny ng

4) Conclude
a) P-value < a. We reject Ho and we have convincing evidence that the true difference of the means
(A-B)of .
b) P-value> a. We fail to reject Ho and we do not have convincing evidence that the true difference
of the means (A-B)of .

3. Inference for quantitative data about slope
a. Sample slope and true slope

Sample slope: b
True slope (population slope):

b. GBI

Minitab
Predictor Coef. SE coef. T
Constant 38257 (y-intercept) | 2446 15.64
Miles driven (x) -0.1629 (slope) 0.03096 (SE}) -5.26 (WUERT t)

c. Linear regressions t-interval for slope ()
1) Condition
a) Linear: the actual relationship between x and y is linear (] x 1 y [ scatterplot B% residual plot
BEAT 1K)
b) Equal SD: the SD of y is the same for an values of x C/ANBEEEK R B HO
¢) Normal

I. Check dotplot of residual (1-var)---no skewness or outliers
1l. If skewed or outliers, n = 30

d) Random: random sample or randomized experiment
e) Independence: n < 1—10N

2) Do: bxt"-SE, (df =n—2)

3) Intercept the standard error (SE): if we repeated the random assignment many times, the slope of the
sample regression line would typically vary by about  from the slope of the true regression line
for the (predicted y) from _ (x)

d. Linear regressions t-test for slope (f)
1) State
a) HO: p=0 (x My &M
b) Ha: f#0 CHZLMMKX) B>0 (EMR) <0 (FHMHF
2) Condition
a) Linear: the actual relationship between x and y is linear (F x 'y [ scatterplot B% residual plot
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HEAT HIKT
b) Equal SD: the SD of y is the same for an values of x C/ANBEEEK R B HO
¢) Normal
I. Check dotplot of residual (1-var)---no skewness or outliers
1l. If skewed or outliers, n = 30

d) Random: random sample or randomized experiment
e) Independence: n < 1—10N

b- b-0 b
3) Do t="L-00_2
SEp SEp SEp

4. Transforming to achieve linearity
L —A linear () model 1 %% ¥, 2843 linear (U145 all data %2 BLF-J7)
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