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BA& (population): entire group we want information
Z# (parameter): quantity about the population we are interested in. #£4~ (sample): part of
population from which we collect information.

4iiT & (estimate, statistic): the quantity we are interested in as measured in the sample.
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L. g el e B pEHLAMAE (a simple random sampling).
2. FERFEALAHAE (a stratified random sample): #HLHIH—E, KRG, £ —EH#T—1 M
FARREALIAE , SR EEX SR AR Ak .

Bias and chance error:
« Bias(systematic error)

1. selection bias: a sample of convenience make it more likely to sample certain subjects than

others
2. non-response bias: less likely to answer a question at a special situation

3. voluntary response bias: websites that post reviews of businenss are more likely to get

response from customer who had very bad or very good experiences.

+ Chance error(sampling error): FEAUHAE, ATt ALK INZE , B —RHIFEA AR F T chance
error, FHFERBEHLIE .

estimate = parameter + bias(systematic error) 4+ chance error(sampling error)

Note: I KFEATPAR /D chance error, HHIZAT0PATTE chance error BAH LK. (Hi2H
KFEAR FUZAE bias FE—ANHKRAGHIBE F R, I HIRATAEHLE bias K/,
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observation study: Il f&—ESGERIFMEER, HTWEKIKEXR.

Association is not causation, there may be confounding factors

Causation experiment(randomized controlled experiments): 1. Subjects are assigned into
treatment and control groups. at random.
2. Subjects in controlled group get a placebo to ensure both groups equally affected by the placebo
effect: the didea of being treated may have an effect by itself.
3. Double-blind.

More:

The wired power of placebo effect, explained


https://www.vox.com/science-and-health/2017/7/7/15792188/placebo-effect-explained
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Three histograms: 1. Probability histogram for producing the data. 2. The histogram of 100
observed tosses. 3. The probability of the statistic.

Law of large numbers: When sample size is large enough, the x, will be likely close to u .
1) applied for averages and percentages, but not for sums. 2) sampling with replacement from a

population or for simulating data from a probability histogram.

More advanced large number laws: the empirical histaogram will be close to probability to

histogram producing the data.

Central limit theory: the sample sum statistic(averages and percentages are sums in disguise)

distribution is normal distribution

PEFIAEAE: TRl sE R A ] — MR A R Bl (SR R aT AY)

Sample size is large enough.(if no strong skewness, n > 15 is sufficient)

2.2 5T

Standard definition: proportion of times this event occurs in many repetitions.
Subjective probability: not based on experiments, different people assign different subjective prob-

abilities to the same event.
Four basic rules

Complement rule: P(A does not occur) =1 - P(A)

number of outcomes in A
n

Rules for equally likely outcomes: P(A) =
Addition rule: A and B are mutually exclusive(don’t occure at the same time), then:
P(AorB) = P(A) + P(B)

Multiplication rule: A and B are independent(one occures doesn’t change the proba-

bility that the other occurs),then:

P(AandB) = P(A)(B)



%A% % (conditional probability)

P(AandB)

P(BIA) = =50

General multiplication rule: P(AandB) = P(A)P(B|A), special case where A and B are
independent: P(AandB) = P(A)P(B).

Bayes’s rule Bayesian analysis

False positives case warner’s randomized response model

2.3 B =FEIERIMT S I

Normal curve: bell-shaped.
Empirical rule:
About 2/3(68%) fall within one sd of the mean.
About 95% fall within 2 sd of the mean.
About 99.7 fall within 3 sd of the mean.

Standardize data: z = %

z meas how many sd the height away from the mean. no unites.

Normal approximation: 1. Finding areas under teh normal curve.(we can look up area to the
left of a given value) the empirical rule is a special case of normal approximation.
2. Computing percentiles for normal data: 30% data for normal curve, the height is z sd away

from mean.

Binomial probability

X (success count) — np

np(1 —p)

~ N(0,1)

Note: faj FREHLIARZ A EIAHIAR, A2 “ I icE, FOvERGE—4, R P at, %k
T (HRUPRER size LR THEA size, AEATLIMHIAEMA T AR RS K8y, IRAT 1
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2.4 SHEFREAD A

Expected value of the sample average , E(x ) is the population average. Standard error:
statistic’s sd (FLELp R FEARG TR AR MEZS), tells us roughly how far off the statistic will be from

it expected value.

Expected value and SE for average > E(Z,) = u (Square root law), SE(z,,) = =

1. More lager sample size n, more smaller SE, it can be used to determine sample
size to get desired accuarcy

2. SE don’t depend on the size of the population, only on the size of the sample.
Expected value and SE for sum > $E(S_n) =n$, SE(S,) =+/no
Expected value and SFE for percentages Framework for counting and classifying:

E(percentage of 1s) = 1/1100%100

Expected value and SE when simulating A random variable X that is simulated has K
possible outcomes , p = Zle 2, P(X =x,),02 =i =1, — n)2P(X = z,)

S ey - a1 G IR 515 S S

3.1 B —EE L [l

Scatter plot three element: direction(slope up or down), form(points cluster around a line or
other), strength(how closethe points follow the form)

Summary of pair data: z, s,, y, s,, 7

How to quantify the strength?
If it is liner former, the correlation coefficient r is a good choice. standardized z*y ,not affected by

the scale of either variable. its sign gives the direction and its absolute value gives the strength.

Note: r is only useful for measuring linear association.and correlation does not mean causa-

tion



How to get the regression line?
To minimize the MSE(mean squared error), the method of least squares gives the analytic answer:

b= ri—y and a = y — bx. This line y = a + bx is called the regression line.

Another interpretation of the regression line:
> Computes the average value of y when the first coordinate is near x.

Note: The average often times is the best estimate when no extra information is provided.

[ ¥{E 7 regression effect ([ JTREM)?
Bk 1) & BER 7, 2) b=r2 , QURREUYS « fWES 5 —A sd I, y K g iBg rxsd 4
BAAY, Wt v is fewer sd away from g than z is from Z.

i.e. Football shaped scatter, exam scores. my becaused by regression fallacy.

Note: x to y and y to x are two different regression line, cannot predict each other.

[ A IESALT?
TEM 4k (football shape scatter) HEYIE—& = 4b, v IRMTIESED: %

Qe [l )= 2 5 TR A 7
Residual plot. ¥&Z 5t B SH 5 TMME 2. it should be a unstructured horizontal band. curved

plot: not liner;but the data can be V or log transformation to liner to analyze.

scatter arises: heteroscedastic(may produce homoscedastic by y variable transformation, and

it may result in a non-liner scatter , which require a second transformation in of x to fix)

BRHH outliers? B o WHARILHY « ATRELN MIHL R EARKR# NI (influential point)
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4.1 %—=2% Confidence interval

SE gives the chance error, confidence interval give a more precise statement.
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confidence = estimate +/- zSE(if statistic ~ normal distribution)

ST ZEFERINT
bootstrap: HIFEA I Z2 UG 2 — Ml THEL R X TH .

More: BEFXEIMR/NE 2SE B, FrfE margin of error, ]2 SE = 2, BrbAn] DAl
HIRFEA size WX [FFEHR AT 2 X TE], Fodn 80% X ).
BB 95% BEAGIX[E]: estimated percentage +/- /n
WHho=+pl—p) <3
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WIS T H? test statistic
A test statistic measures how far away the data are from what we would expect if HO is true. i.e

z-statistic:
observed — expected

- SE

WLIME 2 T 3EE HO 194811+, expected and SE are the expected value and SE

of the this statistic, computed under the assumption HO is true.

p value is the probability of getting a value of z as extreme or more extreme than the observed

z, assuming HO is true.

Note:Ho J& & IE# & — M@=, p [EHE4AH T HO hERET, L]0 i im(E
TR AN

Sebr B IATHERT 2 Ky, FATHMMGET & - PRGSO R SE, 3t
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sample SE. I sample size < 20, AR sd MAF A sd THEIALAHIBMNT t(n-1), BEXE:
Z+/—t, SE

Hpth: 1. Beit2# Ep R RE VLAY /MR EEEE, R KBIREAEH WA /D> SE, (1154
ARG RS, 2 HE— MR/ N AT ARG 22 B .
2. 5% W B IS V5 T4 BB SBHRAI. HF— UK p 3% 0.05.
3. PiZEEE R HO HHE, 48T typel false positive,HO “N{, 3% T type2 error false negative

4.3 FH=mRRE 2 FEDA K t KL

Two sample z-test

_observed dif ference — expected dif ference  (Dy —py) — (P — 1)
N SE of dif ference ~ SE of difference

If the two sample are independent:

SE(Z, — &) = v/(SE(z,))? + (SE(i,))?

and SE(z,) = \;% is estimated by \;71?1 if sample size nl, n2 are not large, then the p-value

neeed to computed from the t-distribution.

if assuming o; = 0,,then pooled estimate for o; = o, ,given by

2 (ny —1)s7 + (ny —1)s3

S =
pooled ny + Ny — 2

Paired-difference test the independent assumption is in the sampling of the couples HO: pop-

ulation difference is zero t = S(E%)’ where d; is the difference of the ith couple. SE(d) =

94
vn?
estimate o, by s,

The sign test

4.4 FEERRREZ Rk — A R
Testing of goodness-of-fit: W} 57— B ER DM E M2 E—3. HO: the color
distribution is given by that table

5 (observed — expected)?
Xn—1 =

all categories

expected



WERAER A T E M

Testing homogeneity: 2 —test of homogeneity tests that the distribution of a categorical

=)

variable(color) is the same for serval populations(milk, peanut,caramel); &4 —~7 24 BAE A

[A] PR A R B 2 AT e — 2K

b d— ted)?
x2(no. of columns —1)(no. of rows —1) = (observed — expected)

all cells

WIERMER A THEARLEAR G H R, WR% AR A B R 10

expected

Testing independence computed exactly as in the case of testing homogeneity. KK (ff

il )
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W U E e H P 2= R 4l R) 2 R K/ . Compare the sample variance of the means to the
sample variance within the groups. Analysis of Variance(ANOVA)

k groups and the jth group has n; observations:

There are total N =n; + ... + n,, observations. Sample meen of jth group :

- 1 TLJ

Yi=»; 21 Yig

Overall sampeld mean:

= _ 1 Zk an B

Y= 1N 2ujm1 2221 Y4

The treatment sum of squares :
SST =33 (4=
j o

has k-1 degrees of freedom.

The treatment mean square:

SST

Measures the variability of the treatment mean y;

The error sum of suqares :

SSE =) > (Wi —1;)"



has N — k degress of freedom. the error mean mean square :

SSE

Measures the varibility within the groups.

Compare the variation between the groups to the varition within the groups:

MST
F= MSE

follows F-distribution with k& - 1 and N - K degress of freedom. under null hypothesis ,it shoud

be close to 1(not exactly for chane error.)
the ANOVA table: (f7Alilf)

The one-way ANOVA model:

Yij = B+ Q’j(Mj :mean of jth group,e;; ~ N(0,0?))

so the null hypothesis:
H1 = Ho = -y
group mean’s devation away from the overall mean: 7; = u; — p

so the the model:
Yij :/1“+TJ+67,]
where 7 called treatment effect of group j. Then the null hypothesis is

HO:leTQZ...:Tk:O
estimate overall mean p by the ‘grand mean’ y, then the estimate of 7, = p; —y. the estimate
of € is the residual y;; —y;

corresonding to the model y;; = u+ 7 + €;j wecan write y,; as the sum of the corresponding

estimates:

Yi; =9+ (@ —9) + (i — 9;)
it turns out that such a decomposition is also true for the sum of squares:

Z Z(Z/U —y)? = Z Z(Z/g - @2 + Z Z(yij - bm’yj)2

10



TSS =S85T+SSE

it split the total variation into weo ‘sources’: SST and SSE.

MORE: The F-test assumes that all group have the same o2, it can be roughly checked with
side-by-side boxplots, and there are also formal test. another assumption: data are independent
within and across group. it would be the case if the data were assigned to treatment at random .
F-test give conclusion not eual how thy differ, examine all paires of means of a two sample t-test
VMSE, multiple tests, adjustment is necessary such as Bonferroni adjustment.

using Spooled =

4.6 HNERR L 2 BRI

p value < 1% — test is ‘highly significant’ interpretation: If there is no effect, then there is
only 1% chance to get such a highly significant result.

but if we do 800 tests, then enen their id no effect at all we expect to see 800* 1% = 8 highly

results just by chance.

this is called multiple testing fallacy or look-elsewhere effect.(leads to data snooping or in

other words, data dredging.)

Data snooping and other problems have lead to a crisis with regard to replicability (getting
similar conclusions with different samples, procedures and data analysis methods) and repro-

ducibility (getting the same results when using the same data and methods of analysis.)
Bonferroni correction: If there are m tests, multiply the p-values by m

False Discovery Proportion (FDP):

FDP — number of false d'z'scover.ies
total number of discoveries

where a ‘discovery’ occurs when a test rejects the null hypothesis.

False discovery rate (FDR): Controls the expected proportion of discoveries that are false.
Benjamini-Hochberg procedure to control the FDR at level = 5% (say): 1. Sort the p-values:
p(1) ... p(m) 2. Find the largest k such that p(k) k m a 3. Declare discoveries for all tests

ifrom 1 tok

Using a validation set: Split the data into a model-building set and a validation set before

the analysis

11



5 ST M A BHE T TS LAl

Monte Carlo Method: M EA ZUAFE, TR Z MERKGTT R, HRFEAS T ENEES
SE ffi. Bootstrap: plugin principle, l—-FEATh ZUHUI B2 MRALI R, 145)
ARG T ERY{ES SE. Nonparametric bootstrap parametric bootstrap, bloc bootstrap.

bootstrap confidence interval bootstrapping for regression
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