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1 #IEFRE Sources of Data

Gf (G o3 M s X B VR (A AT 7T o

A good statistical analysis starts with a careful study of the source of the data.

1.1

1.2

PR Anecdotal data
WAEIE Available data
A E IS Sample surveys data

SEIGHE Experiments data

BEMNIE Anecdotal data
HTREREEBFERA RG], XL R A KOy EF 7 205 A F A e .

Based on haphazardly selected individual cases, which we tend to remember because

they are unusual in some way.

Bltn: FEAEAA by CRu T B SEAAE

e.g. ‘experiences’ shared on social media, news events, etc.

HEATATBEA BEARRATAT BRI R . IR FHE A5 — Ve S50 W 7
R

But they may not be representative of any larger group of cases. It is often mis-

leading to draw a general conclusion from anecdotal data.

HARPT A B IR R A . DN /NSRBI R 2256 W] RE 2 51 AR LBt AY BT
Fo

Not all anecdotal data are bad. The experiences of an individual or a small group

of cases might lead to carefully designed studies.

INBHIE Available data
A B s 2 AR B R r= A1, (B0 R BT BRI M [5] 25 O R 1 A 75

Available data are data that were produced for some other purpose but that may

help answer a question of interest inexpensively.

TECEE: RAREdE. Bl R AEASET IR B

Administrative data: crime data, tax data, birth and death certificate data.

HIRPES A« RBE” HAF &I —5E 3o

'Big data’ generated by internet activities also fits the definition.
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1.3

2

il @i CDC WONDER 1 i) 587 PRI B H A2 5508
Example: Access the newest provisional natality data through CDC WONDER.

M EAERIE Sample surveys data
SRR 2 S A A P g BRI R AR U S T B AR A R

A sample survey collects information about a population by selecting and measuring

a sample from the population.

A AP RENIH QFED B2 CRIAER) AR O S bR 2
The expense (and time-consuming) of examining every item in the population (cen-

sus) makes sampling a practical necessity.

BT FIPAT R IF IR &G BT 1 i SRRk .
Well-designed and conducted sample surveys are good for learning the characteris-

tics of a population.

I TT Sampling design

USREOEi ERTER R €y Vs e Ui £ N S R LN RB i o £ N R

Good sample survey data rely on appropriate sampling design: the method used to choose

the sample from the population.

2.1

I J ] A A e e [ S — PRI i e 428 ) N A R
A voluntary response sample consists of people who choose themselves by respond-

ing to a general appeal.

B N W oz, BOVA RSN Rl mE WD WA e A
AT AE [ N
Voluntary response samples often show bias because people with strong opinions

(especially negative opinions) may be more likely to respond.

FATHT EARANEREA: FEAN S H AR AL
We need representative samples: the sample should be similar to the targeted

population.

BLZ3E+£7K Probability samples
AR, BATH MR FEAR
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WAL

A sample chosen by chance.

SR TR B REASTIH 6 250G F S B R B I R

Each item in the population has to have an equal or known probability of being

chosen.

DU Fofr e UL A B

2.1.1

&7 FLBE WL AE Simple random sampling
73 JZBENLAAFE Stratified random sampling
BHEFE Cluster sampling

Z W BeiAE Multistage sampling

fa A BEHIMAE Simple Random Sampling

f PR BE LIRS RS o B T R A S
Simple random sampling: each element of the population is equally likely to be

chosen.

Al BURBLSS S 1E 5N 1000 ZK 2 7 sl 40 BT . B A ki
B 0.04.

Example: a government tax auditor chooses a sample of 40 of 1,000 firms to audit.
Each firm has a probability of 0.04 to be chosen.

T BEAEBAMAL BRI (B2 AT HBEME.
Used in simple surveys with a complete list of the population (more often in boot-

strap re-sampling).

KRG B k DA PERE A, BRARREAR. SHirEL S oRFE
FFAE N AEN I AR AT, 48] 4 e i o F) sz

Systematic sampling: Select every k-th member until we have the desired sample
size. Useful when the sampling list is unknown but there is an intrinsic order, such

as customers in a shop.

2.1.2 S EMEVIMEE Stratified Random Sampling

Iy EBENLARE B e AR R e SRR B AR 7 v B R AR A B .
Stratified random sampling: first dividing the population into mutually exclusive

sets, or strata, based on some classification criteria.
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o EALEFTAOSGHER AngEiAmtin) sob#E X (g /8D,

Strata might be based on demographic information like age and gender or geo-

graphic strata by province/county.

o fERAENE

S xay

177 1a]

B BE AL DLAE SRR AR

Simple random sampling within each stratum to generate the sample.

o MAEEAE AP Tl B URE A (K KN 5% 2 AR RS RN L

The simple random sample drawn from each stratum is in sizes proportional to the

relative size of each stratum.

£ 1. 7 ZHiFE Rl Stratified Sampling Example

NS A EE A FEARR/N n =400 | FEAK/N n= 1000
Income Category | Population Proportion | Sample Size n = 400 | Sample Size n = 1000
under $25,000 25% 100 250
$25,000 - $39,999 40% 160 400
$40,000 - $60,000 30% 120 300
over $60,000 5% 20 50

2.1.3 EEEHMAE

Cluster Sampling
o REREREASE TR A SRR T SRR A (L5 B0 SR ] SR AL AS AR R D

A cluster sample is a simple random sample of groups or clusters of elements (vs.

a simple random sample of individual objects).

3 DB AR v MO R S8 BRI SR R A B R, B AR T R AE M B )2 AL
I, HITEIRA

This method is useful when it is difficult or costly to develop a complete list of
the population members or when the population elements are widely dispersed

geographically.

TR R P AT I
Example: select the entire classroom of students in a survey for middle school

students.
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2.1.4 i EgihtE
Multistage Samples

o AT REHSHEE, 4ia2hBor ZatemsEiehee .
Used in large social surveys, a combination of multi-stage stratified sampling and

cluster sampling, etc.

o Bl SEEFLAREE—255 A EE (CPS) £ K54 60,000 K EE .
CPS 18 FH Z W B iF B vt LA BOA IR0 OR M / B2 GO ARG M A= AN B DL K
NBGHE BR#AT Z 0B 2 EE AT R . e vy in) S m] LR
FA V7 15) P B 30T 2R B T 2H A
For example, US employment and unemployment survey the Current Population
Survey (CPS) which conducts interviews in about 60,000 households each month.CPS
uses a multistage sampling design to reduce cost and also ensure representativeness
in the state/county level: multistage stratify by state and county, as well as demo-
graphic information; cluster sampling within the strata. The final sample consists

of clusters of nearby households that an interviewer can easily visit.

LM B iR

1 BB RS ERI08 2007 MONHIR A ERAL (PSUD HHBELIX . PSU A

EEEM o EHE 754 A PSU MIFEA, FEARGREE N R Z 1 428 A~ PSU AIHA:
326 4~ PSU 17 JEFEAR .
Stage 1. Divide the United States into 2007 geographical areas called Primary Sam-
pling Units, or PSUs. PSUs do not cross state lines. Select a sample of 754 PSUs.
This sample includes the 428 PSUs with the largest population and a stratified
sample of 326 of the others.

2. H B REENEE R PSU R RN BT BN X A5 A A
B EXEX AT E, A PSU PRI X AT 70 Z ke
Stage 2. Divide each PSU selected into smaller areas called “blocks.” Stratify the
blocks using ethnic and other information and take a stratified sample of the blocks

in each PSU.

3. W=BrBL RN IX A AL 5 BT ML S On R HE T .

Stage3. Sort the housing units in each block into clusters of our nearby units.
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2.2

2.2.1

KT AERFEEIN Cautions about sample surveys
ZZETE Undercoverage

2 S ) LR 1R A A R I AR TR s I I A
When some groups in the population are left out of the process of choosing the

sample.

KREINBER) e BB RARD AT R BOHEHA — €A & A2 .
Complete lists of large human populations are rarely available; most surveys suffer

from some degree of undercoverage.

Al WA RARR T, RN,

Example: migrant workers in urban surveys, incarcerated population.

2.2.2 JF[E% Nonresponse

2.3

B NFEAR AN N TCVE 5 O B I R A
Nonresponse occurs when an individual chosen for the sample can’t complete the

survey.

Ml Z 72 NATIAE DR SE & 15 (Bl 2 I | L%

Response bias: people self-selection in the decision of response.

B, fERSIFES, il CRenl fimE i) W NsA A ERZ .

For example, people with strong opinions, especially negative opinions, may be

most likely to respond in an opinion poll.

AR TC B R e, AR R R
If the non-response represents a significant proportion, the representativeness is in

question.

— L BRI EIESRIE Some Potential Data Sources

2.3.1 [EPFREE3R International comparison:

IPUMPS (https://www.ipums.org/)

ICPSR (https://www.icpsr.umich.edu/icpsrweb/)

2.3.2 HEF#SAZE Social surveys in China:

FEZKEEE A (CFPS)
China Family Panel Studies, CFPS (http://www.isss.pku.edu.cn/cfps/)


https://www.ipums.org/
https://www.icpsr.umich.edu/icpsrweb/
http://www.isss.pku.edu.cn/cfps/
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o« PE{ERSFREEFHE (CHARLS)
China Health and Retirement Longitudinal Study, CHARLS (http://charls.pku.
edu.cn/zh-CN)

o MEMERESEFRMA (CHNS)
China Health and Nutrition Survey, CHNS (http://www.cpc.unc.edu/projects/

china)

o PEZREWATH (CHIP)
Chinese Household Income Project, CHIP (http://ciid.bnu.edu.cn/chip/index.
asp?lang=EN)

3 Learning about relations

BRER R R A B 2 [0 ELFE IR &, B an SCRER) B i AN 1O B 1
Causation: a direct cause-and-effect link between these variables, such as the height of

parents and children.

o REERIR KK,

The dashed lines show an association.

o SLLRFTLRIRREL R
The solid arrows show a cause-and-effect link.
o x RARRER, y MR, o RIEEER.

x is an explanatory variable, y is a response variable, and z is a lurking variable.

- ——

— @& O O—0
(D g z)

Causation Common response Confounding

@) (b) (©

3.1 H[EK&MN Common Response

« WA E (Lurking variable) 2R ANEMREA B BN AL B2 H, HXS it 7
A A R )AL
A lurking variable is a variable that is not among the explanatory or response

variables but does have an effect on the variables studied.


http://charls.pku.edu.cn/zh-CN
http://charls.pku.edu.cn/zh-CN
http://www.cpc.unc.edu/projects/china
http://www.cpc.unc.edu/projects/china
http://ciid.bnu.edu.cn/chip/index.asp?lang=EN
http://ciid.bnu.edu.cn/chip/index.asp?lang=EN
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3.2

3.3

T EAR B AT BEET IR LI 7R — Fh R &R

Lurking variables can falsely suggest a relationship.

JLFE N (Common response): MELE|F AT LAHIE AL R - k.
Common response: the observed association is explained by a lurking variable z.
Bl DKTER A B AE K R . AT RERTEAE R Rt 42

Example: ice-cream sales and drowning rates. What is a possible lurking variable?

(flan: RAIRSE)

J&%* Confounding

B AR EAR R R OC R, B I A 58 A AR I AR B 22 TA) ) SR B
Even when direct causation is present, it is rarely a complete explanation of an

association between two variables.

=2 9 A T W) N AR R MR TG TR X I, BT TR AR
Two variables are confounded when their effects on a response variable cannot be

distinguished.
TR AR BT R AR AL B B AR AL B
The confounded variables may be either explanatory variables or lurking variables.

2P QNN (9 I By

Example: income, health and happiness.

E RN Causal effects
B rACREA L.

Representativeness of data is not enough.

il SRR S A AL R I

Example: School quality and student academic performance

— AT — T T rp A A el R S L S R RFAE B B A AR T A SR A 2
1.
We obtain data from a representative survey about middle school students
about their academic performance and the characteristics of their schools.

— B EAT R I 1 B 2 AR B S AR A A R b R B A
Suppose we find that students who attended star schools perform much better

in exams and cognitive tests.

10
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3.4

3.5

— G RBEARE N RUIRNG ? B, AR R SR A I B e A
MV B A T oK ) i v e 2
Can this result be interpreted as causal effects? i.e. any students attend-
ing star schools would on average expect to see such a large improvement in

academic performances?

MEERFZT Observational Studies

FERMEMERT LT, FRATHLSE R AR B A0 AR B HRPIRAS,  H G2 i) B 32 R 7 4 73
Aic o

In an observational study we observe the state of the dependent variable and in-
dependent variable but have no control over the assignment of the factors and

respomnses.

AR 2 A SR

Sample surveys generate observational data.

WL PERTE TE AL 52 DR SRR AR 1 22 7 3K

An observational study is a poor way to determine causality:

— TSGR (N2 ot B A BT AL SRedss i — L8 5 IR AL B 1] je
.
Using statistical models such as multi-linear regression or matching to control
for some important confounding variables can be helpful.

— R, SRAFERINAR R ARSI m AR AR AR
ATTEVEM & s AT 5 R e H FRATT 2 A A B
However, there always remains omitted variable bias: we can hardly control
for all important confounding variables: sometimes we cannot measure; other

times it may be beyond our current understanding.

5£1§ Experiments

SRR U6 — AT X Iy — AR B R B B T T
Experiments are the preferred method for examining the effect of one variable on

another.

S — A IRATHOE S AHE L S B At I e e 5% A DAL S N2 (AT 9T
An experiment is a study in which we deliberately impose some conditions on

people, animals, or objects to observe the response.

11
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o TAEJRERL: i 3RATTAT ARSI I 2% A, FRATTRT DU S BEALAL RS TR AN [F) 2% 11 £
AAE T EEAIAS A L8 (1) 5 T B AT AT HE
How it works: since we can control the conditions imposed, we can make sure the
groups with different conditions are comparable in observed and unobserved ways

using randomization.

o PRI SEAERR N AL HE /T

The condition imposed is called a treatment /intervention.

3.6 SEISi%iT Design of Experiments

SR s JRATTHACR S AN A It 0 S A AL BRI WL ARA T S R
Experiment: we deliberately impose some treatment on individuals and observe their

responses.

o SLIGXTH (Subjects): HEATSZIGHIAMA,

Subjects: individuals on whom the experiment is done.

o WbEE (Treatments, x): M F LI RATELZME, WHAKREK.

Treatments (x): experimental conditions applied to subjects, also called factors.

o 25 (Outcomes, y): HTHLEACEERM & 5.

Outcomes (y): the measured variables that are used to compare the treatments.

3.6.1 7rfil Example

FE TR TRMPBIR IR FE i, 150 44 BE RS THIIERE A, 34k 150 44 8
MR TR (HEERF). BHFRN RIS TR B BRI 1 E -

o SEIONTR: 300 & EHFH
Subjects: 300 patients.

o MbH (x): 1bJEZY A UL

Treatments (x): painkiller A and dummy drug.

o GR (y): FIRMRIERE

Outcomes (y): episodes of pain.

3.7 LIKITIENM The design of experiments
SR BT AR A SR 2 ] BRI E S .

The basic principles of the design of experiments are control, randomization, and repeti-

tion.

12
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P (Comparative): SEEG A& FERCERT: R AL T ZH 5 0 R AL AT LUAR
Comparative: Experiments are comparative: compare treatment groups with a

control group.

BEALAL (Randomize): 8 BEAL 7 v20Ks SLI6 B A7 2 Fic B AL PR

Randomize: Use chances to assign experimental units to treatments.

#HY (Replication): fEREA A 1 E & AEE DA/ D 25 R F ML 2.
Replication: Repeat each treatment on many units to reduce the chance of variation

in the results.

3.7.1 EEEM

XTHEZH (Control group) R LRACEE CZ2EFH]D . FRLATE CHETFRE) B
[F] A 3R DA T EUE IR — 2 SR ER 0  BR
A control group is a group of subjects that receive an inactive treatment (placebo), a

baseline treatment (the current standard), or a different treatment for comparison.

AN B S H hRitE

It serves as a reference mark for a treatment group.

X S LA B I 73 X i o A R ) S
The control group helps eliminate the effects of lurking variables on the response

variable.

Bl 9T T CBIERRE BUAERIRCR, X T aE R, kRN
AEFRAL, FRAE IR IR

Example: to learn the effect of a teaching method “flipped classroom” , for a
given course some sections are selected as the treatment group and the rest are the

control group.

3.7.2 PBEH{L Randomization

o WMARMFEAEXRHAZRIRK, B FHURE.

If the treatment groups differ greatly from the control group, bias will result.

figp i i 22 1) L 1 5 VA BEATL 0 G - A5 P Ao BE AL I R I 36 B A7 i AT 2 T 21 Ak 2
Fo

The solution to the problem of bias is random assignment: experimental units are

assigned to treatments at random using some sort of chance process.

13
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o BENUAL R OR A0 FE ZH AT B ZHAE i A7 P IR SR AN T RS 1) 7 THI AR AL
Randomization ensures that treatment and control groups are similar in all observed

and unobserved ways.

o WRGRBIEEER, TATATLIHIE IR H T A HE R .
If there appear to be significant differences in outcomes, we can be confident that

it is because of the treatment.

/ . Treat1ment \
[ Compare
results

- e Treatzment f

Group 1 Treatment 1

20 students Drive \
Random Compare
allocation brake time
~ Group 2 Treatment 2
20 students Drive and talk

K 1: driving while talking example

3.7.3 %3] Practice

—Rrgirt i FUM AR FE TR SR B AR Rk it i P BA A . AN 10 H 2 HE 11 H 15 H,
BRI BRSO, WA EE L EER. mREREE, ks AR, R
INFFEL MhETT XL . W] SR R A

X TG A2 «

a. WETEWTIT.

observational study.

b. FEA

sample.

c. SR,

experiment.

14
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HERFERLZL ML One classic experiment in social science

« MY STAR TUH & — T 5¢ T IR R (1 S5

The Tennessee STAR program was an experiment on the effects of class size.

o SEERXTRAE 6385 NG B LRI . A EAER BB =M Z —. F
ML (22 2 25 44524 Bo— A B0W, W RIERIC — 42U — 42 2B, /D
PE (13 2 17 B4,

The subjects were 6385 students who were beginning kindergarten. Each student
was assigned to one of three treatments: regular class (22 to 25 students) with one

teacher, regular class with a teacher and a full-time teacher’ s aide, and small class
(13 to 17 students).

o SERRW], PNPERRSEUGE T AR, AT KIE, I HIXFEEIR R AR .
Shows that small classes do improve student outcomes, including behavioral devel-

opment and the effect is persistent.

3.8 BASLIGFESELE1TT Natural Experiments and Quasi-Experimental

Designs

B ) SEEGAE AN 4T . Experiments in social science are often not possible.

FEL G, AT B ARS8 Bilan, FRATERERNILF & T AV T AR 2Ry
B, IR AT 45 R

W R IRV T IR A B8 7 VAR M e R SR A BB L 73 B

Methods like Regression Discontinuity Design (using a cutoff score) exploit such

arbitrary rules to approximate random assignment.

3.9 ZHEFIMN Placebo effect

o BEHLECESELS (32 4R U T AT RE 08 LSS A AR R 77 SO0 R T SEBa e R, B T
W ELRCH SERR AL B
The logic of a randomized comparative experiment depends on our ability to treat
all the subjects in exactly the same way, except for the actual treatments being

compared.

o BN (Placebo effect) : M—MN NI LZEFE “&R” 0T G, HEEE
mental &AL BE
Placebo effect: The placebo effect is when a person’ s physical or mental health

appears to improve even after taking a placebo or ‘dummy’ treatment.

15
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o fltm: BAEZE THEAL, PR AT RE AR 2 HUTE LT
For example: even given a sugar pill, the pain may be better than given no pills at
all.

o TG FIRN, X IR R A EE

A control group is necessary to avoid the placebo effect.

3.10 WEH Double-blind
o UbAb,  SEIG TGS A AT SR 7 A BT ZE A S T R4

Moreover, the subjects would not know if they were in a treatment or control group.

o BRTRBGRRN, SR AT BEAEAE TR R B 2 o
In addition to the placebo effect, there may be unconscious bias by the experi-

menters.

o BAEREHLEXE (Double-blind): SEEGNT G H TS IG5 HS AN i T A7 S 585 52
P51 R Rh AL T
The ideal situation is double-blind: Neither the subjects themselves nor the exper-

imenters know which treatment any subject has received.

3.11 XTFRIGAEFEEI Cautions about Experimentation

o SEIGHFIEANERLE (External validity) ZEMJ R @: SZIGHIXT 5. AR EIAEE AT A
T2 FL S A 1) AT IR AR R T %A
Experiments suffer from poor external validity: the subjects or treatments or setting
of an experiment might not realistically duplicate the conditions we really want to

study.

o SRZESPEWATREKR HSLIXN RE — AR BN, F R0 E R ERAE
i AR ER 2 Ak, BEOATTBED R )L 7551 B LI 25018 AT ReAE Pk B 2%
RAFE
Lack of realism can also come from the experimental subjects being different from
the general population: for example, women of childbearing age are usually ex-
cluded from clinical trials because of the possibility of harming the fetus. Drugs

tested on men may very likely work differently on women.

o BAVLATEEMELIGL5E .

We must take caution in generalizing about the conclusions of the experiment.

16
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o HARUUET L IR EAR? HRE. #ERF? FEER.
Goal Dictates Method: Describe a population? Use a survey. Establish a cause?

Aim for an experiment.

4* Summary

. HIERKIE (Sources of Data):

— BRHHHE (Anecdotal data): T HSEBER ARG, 7TREA BARENE

— WAEHIE (Available data): fTBEHHE . KRS, BASBURE AT BEARET XS 1%

— WFEHEHPE (Sample surveys data): EITHIFE T MR SAREAIE, 75 7E R I0FE
it

— SEIGHHE (Experiments data): I8 2 1 2540 70 K B RG

%It (Sampling Designs):

fE L BEMLAIAFE (Simple random sampling): G4 6 R W IEMEFAHSE
— JrEHFE (Stratified sampling): 56702 fEHIEE, BiOR& BN
B (Cluster sampling): DUV BALIIRE, & H T 0 HUE 4
P BUlFE (Multistage sampling): &5 ZMI7E, M T RS A

ERXHZ5xE (Causation and Association):

— e (Lurking variable): ARAEI & (H 20T 7748 & 1 K &
— J[F M (Common response): HWE7E AR & A B 1 B2 (R O BBk
— JRZ% (Confounding): ZFERSTCIE X 711 n) &

AL A (Types of Research Design):

— MEEMIF (Observational study): {OWERAT-TH, #E LU & KR 5 &

— SIS YIT (Experimental design): FEIMEINALEE, J205E K F % R K & bRk

— HEARSZEG 5#ESZE (Natural and Quasi-experiments): ] 4R & 42 28 7
AL BENLAL

LI RN (Principles of Experimental Design):

— il (Control): ¥ FH* A Ay LB RL 1
— BENLAL (Randomization): FEHLZECTHE bRk 2
— #H (Replication): Z AR/ EIRE

17
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— WH it (Double-blind): #EF S i6E 32 R E i 2=
— ZRF RN FEH] (Placebo control): X 7S B A B 25 N A0 B 35 v

« FEEMS5FEMEM (Cautions and Limitations):

— FEHEAE (Undercoverage): HELUREIAR A4 40 N A HESE

— K% # (Nonresponse bias): V& E4S 5mARN
— AMBAE (External validity): SZIRZERHE B H S L1 RE
— PR (Ethical constraints): J:S8s2I6# i+ ANAIAT

18
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