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1 FEHHE Categorical Data

1.1 ENX Definition

o T3 HAREDVER], W) GSWIROLEE . P BT gt BT A S ENARE
X

o English: The values are categories, such as gender, marital status, etc. Can be

coded as numbers, but the numbers do not have intrinsic meanings.

o ~fjl Example:

— 1=tk (female), 0 = HE (male)
— 0= 5 (male),1 = L&t (female)

1.2 F#HER Two Types
1.2.1 #XH#E Nominal Data
o B3 JE BT E Y
o English: No particular order across categories

o 45l Examples:

— A4 H 4 Birth month
— H155 13 Phone number
— M5 Gender

1.2.2 JfiF##E Ordinal Data
o B3 FEHIA I
o English: Ordered categories
« {5l Example:

— I EE 1-5 47 Consumer satisfaction from 1 to 5

— 1 =3I (most satisfied), 5 = FEH AR (least satisfied)
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1.2.3 [E#ZTE Dummy Variable
o B3 RAWANENE K5I, FH 0/1 .
o English: Data with only two categories, often coded as 0/1.
o ~ffl Example:

— MR E (1=, 0= 51

Female variable (1 = female, 0 = male)

2 FHEHIE Numerical Data

2.1 EX Definition
o B3 HHREEEL RETHEEE .
o English: Data values are real numbers from counting or measuring something.
o 45l Examples:

— VH 4% Spending
— B Height
— GDP
o B{EBEN Meaningful Numbers: Z| FA72 [A][1) 2 FAEHHEE R . The differ-

ences between scale units are equal.

2.2 HE#HAEE Two Types

2.2.1 BEH#IE Discrete Data
o 30 AT FE
o English: Countable number of distinct values
« ~fjl Example:

— BN IR BT B How many customers visit the store per hour
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2.2.2 EFEZHIE Continuous Data

o 32 XIAI N TCERAN AT AEAE

o English: Countless values within an interval

o ~ffl Example:

— Piih 2 B FEES Distance between two locations

2.3 HFELRBFWRH Example of Determining Data Types

1. B RAIRB] Examples of Data Types

#¥1EIN Data Item

BIESRE! Data Type

HEMRE (1= &, 2= K%, 3= 54D
Educational level: 1=High School, 2=Col-
lege, 3=Graduate Degree
BT R (1-5 4, 1= AATRE)
How likely would you recommend this restau-
rant? From 1 to 5, 1=least likely and 5=most
likely

B A AR

How many times do you exercise each week

HAE A5y
Your birth month

CENRREEE

Phone number

B SE AR

Stock prices

I 4325 HHE Ordinal Categori-

cal

I 43254 Ordinal Categori-

cal

SEEEEAE Discrete Numeri-

cal

2 U BB Nominal Categori-

cal

% X532 4E Nominal Categori-

cal

HE S BEEHE Continuous Nu-

merical
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2.4 XTEHSEEHIEAN4FTIHEA More on Discrete and Contin-
uous Data
2.4.1 BEHHIE Discrete Data
o P EERATEL 2B

e English: Often from counting and often integers.

2.4.2 EZHIE Continuous Data
o B3 WL BEC R EALICS, WS, BE. E. RES

o English: Often recorded in "discrete” reporting units, e.g. retail prices, height and

weight, temperature.

2.4.3 it THEi%&#E Statistical Tools

o B3 EHCEUEEF BUEE U, SRS TR R SESHEE AR Nk
MAFE AR E T ED.

» English: Discrete data usually have relatively few potential values so the appro-
priate statistical tools used may be different from continuous data; e.g. histogram

with each value as an interval.

2.4.4 BHBIEILESEIE Approximating Discrete as Continuous
o WP FHHUETEEIR (RTREMEZ), A I PR S ECEARE A0 3 S8 s Ab 2

o English: We sometimes treat discrete data as continuous if the range is large

(many potential values).
o ~ffl Examples:

— B mm SR A BRI (<5 ND — AR A

— English: High-end beauty salon with limited capacity (like < 5 customers at

the same time) — Poisson distribution would be appropriate.
— 3z BICE RN RS (BN — &S IES A

— English: Busy mall with hundreds of customers — using a normal distribu-

tion is more than enough.
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3 HIESTEIRIETES )t Data Cleaning before We Start

3.1 KEH%E Examine Missing Variables
o F3C: XPIEHRERK CGHEXRAEHD MINE .

« English: Distinguish between missing by logic (universe matters a lot) and non-

response.

3.2 KE” #5127 € Examine "Wrong” Values
o B3 HTFHIEIR A
« English: Ordering the data is very useful.
« =5 Example:
— W3 R E I —1 B8999, WIREAE” SR B FELE R BT .

— English: In an age variable, a value of —1 or 999 is likely a code for "missing”

or "refused to answer,” not a real age.

3.3 EXR5WESIT Graphs and Summary Statistics
o FI3C: AT T AIWTEE AT SR, R EAE.

« English: Can also indicate the reliability of data (when you plot or summarize the

data, pay attention to abnormalities).

4 ZFRIE5EIZR Tables and Graphs

4.1 {ER Purpose
o 3 DA AR IREA G5 .

o English: Organize, explore, and summarize data in a succinct way.

4.2 XKFE=1FSME Focus on Three Aspects
1. Fuly Center: P 7EMFE 2 SLARE B A7 %k

Where are the data values concentrated? The typical or middle data values.

2. BEIFEE Variability /Dispersion: #4773 8 E [ ? 2 5A mHH?

How spread out are the data? Are there outliers?
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3. 77R2IK Shape: ZEXIR? A ? WEREE WA 2

Symmetrically around the center or skewed? How peaked is the distribution?

4.3 DABFEHRIEEEFR Tables and Graphs for Categorical
Data

4.3.1 S5 FR Frequency Distribution Table
o HAIZ: HIH R R NI CLEXS A AN/ EARKS AL CH D

o English: A table that presents the categories and the number of observations

(absolute frequency) and/or relative frequency (percentage).

4.3.2 EHEFR Common Graphs
+ ## Pie Chart:
— H132: HE B IR R - %2800 P o LE A
— English: Show the relative frequency in a pie; the area represents the share.
« %¥[& Bar Chart:
— F3C: FHERIE R R R B 00 B AL

— English: Drawing a rectangle representing each category to show the fre-

quency distribution; the height of the bar shows the frequency.

4.3.3 fl: GSS 2012 FHEFAITIEKS Example: Work Status in the GSS
2012 Survey
PHEOER Survey Question

o 30 7 ERGGREIRTE, RER IR, RS BEEESGS, IR HAR?

o English: "Last week were you working full-time, part-time, going to school, keeping

house, or what?”
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# 2: GSS 2012 TARIREMIE 73 #i Frequency Distribution of Work Status in GSS 2012
TEIRZS Work Status X85 Code 30#{ Frequency #HHXTINE (%) Relative Frequency

AW T AE Working full-time 1 912 46.2
HHL T AE Working part- 2 226 11.5
time
P K T AE  Temporarily 3 40 2.0
not working
Fk/F & Unemployed, 4 104 5.3
laid off
IBR Retired 5 357 18.1
TERE School 6 70 3.5
L 5K 4% Keeping house 7 210 10.6
FoAth Other 8 54 2.7
St Total 1973 100

1000

900

800

700

600

500

400

300

200 I

& & & & _&b & & &
‘\qu\:&{\ rsi"'i\@ ‘P&o @ & A < o4
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S ¢ & & b
o &
& N

K 1: Bar Chart Example
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Other
3%

WORK STATUS

Keeping house

11%
> School

4%

Retired
18%

Unemployed,

_?ﬁ; Temporarily
not working
2% 11%

Working

K 2: Example Pie Chart
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4.3.4 [EFi%EFEEIM Notes on Chart Selection
ZF.E [ Bar Chart Orientation
o PN HRGIRERK, MEREFEEEEN.

o English: When the labels of the categories are longer, it might be visually more

appealing to arrange the bar horizontally.

HKFfF Category Order
o HIC: XTI EGE, SRR RLRRRE AT .
o English: Order of the categories matters in bar charts when dealing with ordinal
data, e.g. education level.
W& vs &M2[E Pie Chart vs Bar Chart

o & Pie Chart: HR/RSA G, HRIELE], GHEEEMR.

Visually shows the proportion of each category.
« S Bar Chart: il LB KBBHE R . RAULN, KIBEEEN, 5
/N, FICEERE R RZE R .
Clearly compares frequency differences across categories.
4.4 WEHERFRIZSE R Tables and Graphs for Numerical Data
4.4.1 EJHE Histogram
o TEX: BUEHHEEE B, R A AT AL R o

o English: Most common graph for numerical data, a visual display of frequency

distribution.

4.4.2 SN#ER Frequency Table
o BN WEAE S AR X TA] () A

o English: A table of data summarized into a relatively small number of intervals.

12
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Kl 3: Histrogram Example

4.4.3 ZEtt5#3E Analogy and Construction
o AEb: FBRIT AR, FRATBIEXIE CEAD H Bt X 18] A ERAE A%

« English: A analogy to categorical data: we create intervals (categories) and show

the frequency of data values within each interval.

1 JRFEIXTAER K, AR B V0 A o 5
2. FHXTE Relative Frequency: 2% A% 5 DLW %L .
3. ZfFiH Cumulative Frequency: 2 HIAHX A%,

4.4.4 Rf5l: GSS 2012 Fi¥49 % Example: Age Distribution in GSS 2012
4.4.5 [X[B|#iEFIEFS Guidelines on the Number of Intervals
Xi#EN Key Principle
o LME R AR E R BT BSRBEAE T IR FE IR B X (R4 ko
o The key for an informative histogram is to pick the right number of intervals k.
o XIERZ, JELBIX (Al 207
» Too many classes, some will be sparsely populated or even empty.
o XKD, ARBIRESPERE &2 CEERmREL, AT DXIED.

» Too few classes, dissimilar data values are lumped together (imagine the extreme,

only one class).

EF W ME A3 Approximate Number of Classes Based on Observations
RHEB30TE Software Automatic Calculation

o HERHMBAEE 2B E X R EDTE.

13



Applied Statistics Graphical descriptive techniques

% 3: GSS 2012 F# A1 M # Age Distribution Frequency Table in GSS 2012
#4528 Age Class 30# Frequency #EX131# Relative Frequency ZRIH4EL Cumulative

15-19 51 2.59% 2.59%

20-24 150 7.62% 10.21%
25-29 177 8.99% 19.20%
30-34 190 9.65% 28.85%
35-39 182 9.24% 38.09%
40-44 176 8.94% 47.03%
45-49 183 9.29% 56.32%
50-54 189 9.60% 65.92%
55-59 143 7.26% 73.18%
60-64 172 8.74% 81.92%
65-69 103 5.23% 87.15%
70-74 97 4.93% 92.08%
75-79 68 3.45% 95.53%
80-84 46 2.34% 97.87%
85-89 42 2.13% 100.00%

R A AT A X TR E A
Approximate Number of Classes in Frequency Distributions

JME Number of Observations [X[B)# Number of Classes

Less than 50 5-7
50-200 7-9
200-500 9-10

500-1,000 10-11
1,000-5,000 11-13
5,000-50,000 13-17

More than 50,000 17-20

14
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More advanced software usually calculates the classes and creates the histogram

automatically.

#i4n, Stata fHH A
k = min{v/N, 10 x In(N)/In(10)}

4.4.6 EAHES®EE Histogram and Density

5.2

ez

ZE % Density Curve

W2 RS T 1, BRIy Bl 2 R DU B E e

The area under the density curve equals one, so the y-axis unit is adjusted to fit

this definition.

HEEGEE T EIRF I RRAS, BT A TR s R R A

1% H 5 [& Interpret the Histogram
Huly Center: HiR&EHER .
LR Variability: Bl #E T, 2 5HFFEE? BErEEEZ /D2
fZAR Shape: 73 Afi X BRI A& i 2
hily: AX#[X[E) Center: Modal Interval
XE[X[8) Modal Interval: E 5 B A% = 6 X ]
WA — RS, 7341 9 50 unimodal.

HARE T REH 2 AKX ] W bimodal 55 .
B ERIFIK Shapes of Histograms

FIGURE 3.2 Three Symmetric Histograms
e d L

K 4: Three Symmetric Histogram

mLRY

Fguaniy
g E
" [ Lt

B
3
1

Fraquancy
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5.2.1 Xf#RME Symmetry
o WMAIRETE TG E—ATEEL, WTARFINERE, TIFRE 7 B

e A

histogram is said to be symmetric if, when we draw a vertical line down the

center of the histogram, the two sides are identical in shape and size.

o I WIS FRIZAR 2 B TE bell-shaped.

5.2.2

Frequency

5.3

mE Skewness

Frequency

|_
Variable

Variable

Positively Skewed Negatively Skewed

Kl 5: Skewed Example

wFEIE 5B Skewed Histogram:  — MK & 2EH 2 45 8 A .

4A1R/EM Right-skewed / Positively Skewed: K EAEAM. Fltn, —EAA
W AT A s KEZEABNR, DA S, BaG KR,

Zfm /5 Left-skewed / Negatively Skewed: KETE/AM .

ZFFEXTINE 7% Cumulative Relative Frequency Distribu-
tion

AT A2 i) AR S o)A ]

H S HOM HoA B A i mT DUAE AR ] T B A R

AT A% EL 7 B X JA) A m A 2 BARE 20 .

T H RS 1) 70 A

16
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Histogram and Ogive of Age Distribution

200 120.00%
180 .
] ~ —@® 100.00%
T _g—0—© 100.00%
] o
14 80.
g 120
] c
> 100 60.00%
o o
o
=  gg
- 4 1%
60
N 20.00%
2
0.00%
I TS T S, N - Y O (B O A O B O
S v DU, AR SR, LT o G 2y Az e %
AT S G AT AT

K] 6: Cumulative frequency graph (FHX 34547 K)

5.4 ZFIMMESZi13#E Cumulative Frequency Graph and Poly-

gon
o ZEFNHE (Ogive): TWon ZFNEEE 2R X A%
o SR ZiBH, Frequency Polygon: &4 H 7 KIS HTIER A ST Fr 2k i, ] F
T2 AN A0
6 BIEEYEIESEE mEIE Time-series data and Cross-
sectional data
6.1 HEHEEIE Cross-sectional Data
o ZEN: TE[R]— e [a] 5000 5 A W0 iAE
o English: The observations are measured at the same time.

o Rfil: 2012 4E GSS HAEEHE

6.2 BEFFIEIE Time-series Data
o TEM: (EIESIN R A A
o English: Measurements at successive points in time.

« w5l N¥J GDP FEEHE.

17
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6.3 #&#[E Trend Graph
o EX: T HAR R R 20t i 4
o English: A line chart to describe the time-series data.

o 1EB7FTE: KeWMME L HIAE y B, 18] B2 60 AE x Al

GDP per capita (current USS), China
9000
8000
7000
6000
5000
4000
3000
2000

1000

0 GES3HSe0SeELENDIRLEReRD 0ecpooensl
1960 1970 1980 1990 2000 2010 2020

7: Trend graph example (&% &)

6.4 %43: 1RAEIEHE! Practice: Time-series data and Cross-

sectional data
6.4.1 [9]f Questions

AW AR AR A TR B SR

1. FEEE 10 MR GDP.

2. FAEFERHE 27 MEM IR,

3. HEIEE 10 FERMKIE.

4. 4T E 10 ANBCRIRTT PS5 E

6.4.2 ZZE Answers
1. FEEZE 10 NM=FET GDP: BHE]FEFI#$E Time-series

2. FAFAFRFE 27 MEDRIRR: EEEEIE Cross-sectional

18
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3. A 10 FER IR BfE]F5#HE Time-series
4. MErHE 10 MR EEEEAME: HEEEEIE Cross-sectional

7T AN ETEZ[ERXFE Relationship between two

categorical variables

7.1 XX 73%F Cross-classification Table
o EX: FIH PR EAE L A R A% o
o English: Lists the frequency of each combination of the values of the two variables.
. KiE:
— 177% & Row variable
— |72 & Column variable

— et Cell: WAMEREENENHE.

7.1.1 Rl TERESSMRAIRI X 5rEE

x5 TARIRE MR AL X orKE D
Cross-Classification Table of Frequencies: Work Status by Sex

T1EIRZS Work Status B Male ZTMH Female =it Total
2R TAE Working full-time 495 417 912
SN TAE Working part-time 83 143 226
BB A TAE Temporarily not working 11 29 40
oMk /R 5 Unemployed, laid off 52 52 104
IBfK Retired 164 193 357
TERZ School 29 41 70
L5 4% Keeping house 22 188 210
HAth Other 30 24 54
&1t Total 886 1,087 1,973

19
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7.2 497 Conditional Distributions

o B MRS RBEZIEKAMNTT L L NRENERNFS, RS -DRE
fR150 A o

o English: Relationships among categorical variables are described by conditional
distributions: condition on the value of one variable and calculate the distribution

of the other variable.
o HEXITHAR ¢ MEZE y.
o WANLLEAE o R E T y 2.
o WERPIADARRTCR, WA AT RIU N RS ¢ R A2 A A F .

7.2.1 EH9HmERRG

R 6 RS SRR CHHD

Cross-Classification Table: Conditional Distributions (Percentages)

T1EIRZS Work Status B Male ZTM Female 23t Total
4P T AF Working full-time 55.87% 38.36% 46.22%
AN T AF Working part-time 9.37% 13.16% 11.45%
BT A TAE Temporarily not working 1.24% 2.67% 2.03%
lk/ R 5 Unemployed, laid off 5.87% 4.78% 5.27%
IBfK Retired 18.51% 17.76% 18.09%
TE/Z School 3.27% 3.77% 3.55%
L5 4% Keeping house 2.48% 17.30% 10.64%
FAh Other 3.39% 2.21% 2.74%
&1t Total 100.00% 100.00% 100.00%

8 MWMINMHET=EZ[ERIKXEHR Relationship between Two

Numerical Variables

8.1 ®I=[& Scatter Plot
o TEN: JBINE RN b ARG AR B A5 R I R

20
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o English: Shows the relationship between two numerical variables measured on the

same individuals.
o AR B n XPUWNE LS IE RS HIE X-Y AAFR R T
o AAFREH:

— X ¥ (HZ& Independent variable): I8 i & 7E 7K T4
— Y #h (A28 Dependent variable): B E 7E I B 5,

The Weight of Cars Vs. their MPG
MPG

351°
30 >
25

20

151

3
Weight

8: Scatter plot example (H s E7~H)

8.1.1 ##iER =& Examining a Scatter Plot
#x 15K 5%E Overall Pattern and Deviations
o WEHE F A LSS A ) R 2 i
o HUR B BEARE I Rk 5 FRTAR OGO .
« FE{E Outlier: KRR BAEB LI HIE.
o HEAFRFTFER Correlation is not causation: WML AEKRE A
T
F 8] Direction
o I[EZMXR Positive Linear Relationship: i X #jn, Y 3.

. A% X R Negative Linear Relationship: [fi%E X i1, Y 5.

21
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Positive Linear Relationship  Negative Linear Relationship

K] 9: Linear relationship example

C.. . - . a
L]
e ¢’ ) .'.". g et et e
. . a® 84 = . '

{d) Nonlinear relationship

10: Nonlinear example

22
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Z M XA Linearity
o BRI AR S KRB E R EL

8.1.2 FEEBEME5X#FHHE Some Caveats and Improvements
B ERER M

o T TR R D> HORIBE SR (1 0L o

o (EALSRMEET, XELEAHRA L (FIHATRN SRR,

B GHFEHEIT%E
o AT DAL IR RS AL B U Z

o IXSCPR RS AKEE SRR B RO RS E NI I SR A A
AR

9 S%5 Summary

X7 BRSNS ERE RS 45 Summary of Data Types and Graph Selection

VK ES:Y BIEHIE TERYE
Analysis Type  Numerical Data Categorical Data
HiHE
TERIRE Histogram SR AT A R
Single Set of Data Frequency and Relative Frequency Tables
B 5 PHE
Bar and Pie Charts
LXK
B Cross-classification Table
B E 2 ] Scatter Diagram LK
Relationship Bar Charts

Between Two Variables

23
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10 EEIR5FE3FI1 Common Mistakes to Avoid

10.1 EXRFMEME
o TR AL bR R R Fe AR A
o R IEREE MR,

10.2 RE#Y\ Scale Manipulation
o [B)R: I SR A AR R SR K B o B AR AL
o B BEIGICE.
— FEE: RN, RaakEilk.
— A Ky BEHE, S RIERE RGNS

10.3 %EEBMIE Figures before Interpretation
o JRN: Gl RIRAL, RIGHEMR, BRERS.
o B FIFGEHE.

B (a) B RIRECT IR T, (R B KL TR 3 (A BN ]
— & (b) BRAE: RIS LT N A SR, SRR T KA

11 4£&%>] Comprehensive Practice

11.1 FAEEBSHIE LA Survey Questions and Data Types

SR OTHRIE R A Belh — SR R AT — TR &, 1R DL . 35 0 B i)
IR, JFUt W B g f i 2

1. BPERME & 414 ? What’s your occupation?

o BUEARY: ¥ N 5rRHHE Nominal Categorical
« BWEZR: %K Bar Chart

2. IR ANZZ/>? What’s your income?

o EIEEBY: ELFEEWE Continuous Numerical

24
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o EWEFR: BJ7EEHEZE Histogram or Box Plot
3. BRI 2 4 ? What degree did you obtain?

o BUREIAY: ¥ N 5rFEEHE Nominal Categorical

o BEEFR: K EWHE Bar Chart or Pie Chart

4. TP BRI B R ? (L5 IREF. . — L 2
How would you rate the quality of the program? (excellent, very good, good, fair,

and poor)

o HUEARY: 0T 432 dE Ordinal Categorical
o BWEFR: FEE GRIEFHZIZA])D

Bar Chart (with categories in correct order)
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Bloodglucose

11.2.1 M#EKFES AR Shape of Blood Glucose Levels Distribution

o IFFAZR: 1l Right-skewed (Positively Skewed)
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