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Chuong 1. Nhip mén Kinh té lwong va 6n tip xac suat thong ké

— Chapter 1. Introduction to econometrics and a review of probability and statistics

Muc tiéu chwong — Chapter objectives

* Néu duoc kinh té lugng 1a gi, cac budc cua mdt nghién cuu kinh té lugng va ba loai dir
lidu: dit lidu chéo, chudi thoi gian, dir liéu bang.

Explain what econometrics is, the steps of an econometric study and the three types of data:
cross-sectional, time-series and panel.

« Phan biét twong quan voi nhan qua; nhan ra trong quan gia giita hai chudi c¢6 xu thé.
Distinguish correlation from causation; recognise spurious correlation between trending
series.

« Tinh tay ky vong, phuong sai, hiép phuong sai, hé sé twong quan ctia bién ngiu nhién
va cua mau sd liéu.

Compute by hand the expectation, variance, covariance and correlation of random variables
and of sample data.

« Tra bang phan phdi chuan, ¥, t, F; 1ap khoang tin cdy; thyc hién kiém dinh gia thuyét
hai phia, mot phia va két luan bang gi4 tri toi han hodc p-value.

Read normal, y? t and F tables; build confidence intervals, carry out two-sided and one-
sided tests and conclude with critical values or p-values.

« Biét cau 1énh hoi quy co ban trén EViews, Stata, R va Python statsmodels.
Know the basic regression commands in EViews, Stata, R and Python statsmodels.

1.1. Kinh té lwgng la gi — What is econometrics

Kinh té lwong (econometrics, nghia den 13 “do ludng kinh t&”) dung 1y thuyét kinh té,
cong cu toan hoc va phuong phéap thong ké dé luong héa cac quan hé kinh té tir sd licu
thuc té: udc lugng cac tham sd, kiém dinh gia thuyét kinh té va du bdo. Ly thuyét noi
“gi4 tang thi luong cAu giam”; kinh té luong tra 16 “giam bao nhiéu, v6i do tin cdy nao”.
Econometrics (literally “economic measurement”) uses economic theory, mathematics and
statistical methods to quantify economic relationships from real data: estimating parameters,
testing economic hypotheses and forecasting. Theory says “demand falls when price rises”;
econometrics answers by how much, and with what confidence”.

Quan hé véi kinh té hoc, toan hoc va thong ké — Links with economics, mathematics and
statistics

Mon hoc Cung cép cho kinh té lrgng Vi du

Discipline What it gives econometrics Example

Gia thuyét, bién can dua vao, dau ky Luat cau: h¢ so cua gia mang dau

Kinh té hoc vong cua hé ) am
Economics Hypotheses, variables to include, Law of demand: negative price
expected signs coefficient
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Mon hoc Cung cip cho Kkinh té lwong Vidu

Discipline What it gives econometrics Example

Dang ham biéu dién quan hé (tuyén  Cobb—Douglas dang log: In Q =

Toén kinh té
i v + +
Mathematical tinh, I.nu, log) | . . InA+alnK . BInL
. Functional form of the relationship Cobb—Douglas in logs: In Q =In A +
economics
(linear, power, log) omK+pInL
. Chi s gia tiéu dung, GDP theo
£ A1 1 LA Thu thap, xtr 1y, trinh bay so 1i¢ . ’
Thong ké kinh te u thap, xir 1, trinh bay 56 licu g14 so sanh

Collecting, processing and presenting

Economic statistics Consumer price index, GDP at

data i
constant prices
Udce lugng, kiém dinh, phan phoi
Thong ké toan X4c suét Kiém dinh t, khoang tin cay
Mathematical statistics | Estimation, testing, probability t-test, confidence interval

distributions

Gia tang 1 nghin déng, lugng ban
giam 2,11 nghin 16¢

A VND 1 thousand price rise cuts
sales by 2.11 thousand packs

Keét hop ca bon dé cé con so kiém
chimg dugc

Combines all four into testable numbers

Kinh té lwong
Econometrics

M6 hinh todn va mé hinh Kkinh té lwong — Mathematical model and econometric model

Mo hinh toan 13 quan hé tat dinh: biét X thi biét dung Y. S6 liéu thuc té khong nhu vay:
cing mot mirc gia, cac thang khac nhau van c6 lugng ban khac nhau. M6 hinh kinh té
luong thém sai s6 ngiu nhién u dé gom moi yéu t6 khong c6 trong mé hinh.

A mathematical model is deterministic: knowing X gives Y exactly. Real data do not behave like

that: at the same price, different months still show different sales. An econometric model adds a
disturbance u that collects every factor not in the model.

Y =31+ B2X (1.1)
Yi=B1+ B2Xi + ui (1.2)

Y 1a bién phu thudc (bién dugc giai thich), X 1 bién doc 1ap (bién giai thich), B: 1a hé sd
chan, B2 1a hé sd goc, chi s6 i danh ddu quan sat thir i. Bi, P2 13 tham s6 cua tong thé,
khong quan sat duoc; kinh té luong wdc lugng ching bang B, B2 tinh tir mau.

Y is the dependent (explained) variable, X the independent (explanatory) variable, [: the
intercept, B: the slope, and the subscript i marks observation i. 1 and [: are population
parameters and cannot be observed; econometrics estimates them by p1, > computed from a
sample.

PHAI THUQC / MEMORISE — Bén ngudn gdc cua sai s6 ngau nhién u: (1) bién bi b sét
(thu nhap, thoi tiét, gia doi thu); (2) sai sé do lwong cua Y; (3) hanh vi con ngudi cé tinh
ngiu nhién; (4) dang ham chi 1a x4p xi ctia quan hé that. Ba muc tiéu cua kinh té lugng: wéc
lwong tham s6, kiém dinh gia thuyét, dw bao va phan tich chinh sach.

Four sources of the disturbance u: (1) omitted variables (income, weather, rivals’ prices); (2)
measurement error in Y, (3) inherent randomness of human behaviour; (4) the functional form is
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only an approximation of the true relationship. Three aims of econometrics: estimate parameters, test
hypotheses, forecast and analyse policy.

Vi DU/ EXAMPLE — Cong ty TNHH Thyc pham May Xanh ban sita chua udng theo 16¢ 4
chai. Goi Y 1a luong ban (nghin 16¢/thang), X 13 gia ban (nghin ddng/16c). M6 hinh toan Y =
B: + B2X no6i moi thang c6 cung gia thi ciing lwong ban. M6 hinh kinh té luong Y = pi + B2Xi
+ u; cho phép thang 7/2025 ban 48 nghin 16¢ & gia 30 nghin dong, cao hon thang 6 (42 nghin
16¢ & gia 28 nghin ddng), vi u; chtra cac yéu t6 khac nhu nghi hé, khuyén mai cua d6i thi. Ky
vong theo luét cau: B2 < 0.

May Xanh Food Co. Ltd sells drinking yoghurt in packs of 4 bottles. Let Y be sales (thousand packs
per month) and X the price (VND thousand per pack). The mathematical model Y = 1 + X says
every month with the same price has the same sales. The econometric model Y; = p1 + f2X; + u; allows
July 2025 to sell 48 thousand packs at VND 30 thousand, more than June (42 thousand packs at VND
28 thousand), because u; holds other factors such as the summer holiday or a rival’s promotion.
Expected by the law of demand.: > < 0.

1.2. Quy trinh nghién ctru Kinh té lwong — The econometric research process

Mot nghién ctru kinh té lugng di qua tdm bude. Bude 6 13 chd ré: néu mé hinh vi pham
gia thiét hodc hé sb trai diu ky vong ma khong giai thich dugc, phai quay lai bude 3 dé
stra mo hinh chtr khong di tiép sang du bao.

An econometric study goes through eight steps. Step 6 is the branch point: if the model violates
its assumptions or a coefficient has an unexplained wrong sign, go back to step 3 and respecify
rather than move on to forecasting.

1. Gié thuyét kinh té 2. M6 hinh ton 3. M6 hinh kinh té rgng 4. Thu thip dir liéu
—> —> —>
Economic hypothesis Mathematical model Econometric model Data collection
4
|
| khong dat: stra m6 hinh du s lieu
= fails: respecify data ready
|
|
8. Khuyén nghi chinh sich 7. Dw bdo 6. Kiém dinh 5. Uéc lwong
<+ <+ <+
Policy recommendation Forecasting Hypothesis testing Estimation

Hinh 1.1. Quy trinh tdm budc ctia mot nghién ciru kinh té luong
Figure 1.1. The eight-step process of an econometric study
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Buoc
Step

1. Gia thuyét
1. Hypothesis

2. M6 hinh toan
2. Mathematical model

3. M hinh kinh té
luong
3. Econometric model

4. Dir liéu
4. Data

5. Udc luong

5. Estimation

6. Kiém dinh
6. Testing

7. Du bao

7. Forecasting

8. Khuyén nghi

8. Recommendation

Viéc phai lam

Task

Phat biéu tir Iy thuyét, c6 dau ky
vong

State it from theory, with expected
signs

Chon bién va dang ham
Choose variables and functional

form

Thém sai s0 u, néu gia thiét vé u
Add u, state assumptions on u

Thu thap, 1am sach, ghi don vi va
nguén

Collect, clean, record units and
sources

Tinh B bang OLS trén phan mém
Compute by OLS in software

Kiém dinh h¢ so, su phu hop, cac
gia thiét

Test coefficients, fit, assumptions
Du bdo diém va khoang

Point and interval forecasts

Dién giai bang ngén ngit kinh té,
dé xuat

Interpret in economic terms,
recommend

Vi du May Xanh

May Xanh example

Gié tang thi lugng ban gidm
Higher price, lower sales

Y =B1 + B2X

Yi= B+ BXi + u, ky vong B2 <0
Yi =1 + f2Xi + u;, expect 2 <0

10 thang, 01-10/2025 (bd A)
10 months, 01-10/2025 (data set A)

B2=-2,1127 (Chuong 2)
p2=—2.1127 (Chapter 2)

HO: B2=0, H1: B2 <0 (Chuong 3)
HO: p-=0, Hl: 2 < 0 (Chapter 3)

Luong ban khi gi4 36 nghin dong
Sales at a price of VND 36 thousand

Co6 nén tang gid hay khong

Whether to raise the price

LOI HAY GAP / COMMON MISTAKE — B6 qua buéc 1-3: dua moi bién c6 sin vao
phan mém rdi giir lai bién nao c6 p-value nho. Bai 1am nhu vay khong néu duoc dau ky vong
nén khong danh gia dugc hé sb trai dau, va dé giir lai cac twong quan ngiu nhién. Dé thi
thudng cho diém riéng y “néu ky vong diu cua hé s6 va giai thich theo 1y thuyét”.

Skipping steps 1-3. putting every available variable into the software and keeping those with small p-
values. Such work cannot state expected signs, so it cannot judge a wrong-signed coefficient, and it
tends to keep chance correlations. Exams often give separate marks for “state the expected sign of the
coefficient and justify it from theory”.

1.3. Dir liéu trong kinh té lwgng — Data in econometrics

Ba loai dix li€u — T7hree types of data

Dir liéu chéo quan sat nhiéu don vi (c4 nhan, ho, doanh nghiép, tinh) tai ciing mot thoi
diém; chi s6 i. Dir liéu chudi thoi gian quan sat mot don vi qua nhiéu thoi ky; chi so t,
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thtr ty quan sat c6 y nghia. Dir liéu bang quan sat cung mot nhém don vi qua nhiéu thoi
ky; chi s kép it. Dit liéu chéo gop (pooled cross-section) 1a cdc mau chéo & nhiéu nim
nhung khong theo doi cung mét don vi.

Cross-sectional data observe many units (individuals, households, firms, provinces) at one point
in time, index i. Time-series data observe one unit over many periods; index t, and the order
matters. Panel data follow the same units over several periods, double index it. A pooled cross-
section stacks cross-sections from several years without tracking the same units.

Tiéu chi
Criterion

Dir liéu chéo

Cross-section

Chudi thoi gian
Time series

Dir liéu bang
Panel

Pon vi x thoi
gian

Units X time
Ky hi¢u

Notation

Vi du trong sach
Example in this
book

Nhiéu x mot
Many * one

Yi,i: 1, coog 10l

B9 B: 36 ctra hang Hat

Nau, thang 9/2026

Set B: 36 Hat Ndu shops,

September 2026

Khao sat mic song dan

Mot x nhiéu

One x many

Yt,t: 1, 0009 T

Bo E: Sao Bic, 40 quy
2016Q1-2025Q4

Set E: Sao Bic, 40
quarters 2016Q1-202504

Nhicu x nhiéu
Many x many

Yit

36 ctra hang % 12 thang
=432 quan sat

36 shops % 12 months =
432 observations

Béo cao tai chinh cac

?/71 ;11,1 Viét Nam cOu mot n;m . GDP, CPI theo quy Ic];)lnig tyvmem yét qua
ietnamese
re roun Of . ¢ Quarterly GDP, CPI .1eu fnam . )
example household living Listed firms’ financial
standards survey Statements over years
..oz B Ca hai, cOong thém khac
Phuong sai sai sO thay ~ Tu twong quan, xu thé bidt rién ’ cﬁa time don
Vén dé hay gip  dbi (Chuong 7) (Chuong 8) e rieng 8
- .. . V1
Typical problem Heteroscedasticity Autocorrelation, trends B. 0 ol ” .
(Chapter 7) (Chapter §) oth, plus unit-specific
effects

Thang do cia bién — Measurement scales

Thang do Pac diém Vi du Dung trong hoi quy
Scale Feature Example Use in regression
, Chi phan loai, khon : Bién gia 0/1 (Ch
Pinh danh , P ’ £ Khu vyc, nganh fen gla 0/. (Chuong 3)
) thir ty . Dummy variables (Chapter
Nominal ) Region, industry
Categories only, no order 5)
C6 thir ty, khoang cach - Bién gia hofic md hinh thtr
Thur bac Khon di g Muc hai long 1-5 ba g ’
Ordinal ong ced Satisfaction 1-5 8o

Ordered, unequal gaps Dummies or ordered models
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Thang do Pac diém Vi du Dung trong hoi quy
Scale Feature Example Use in regression
Hiéu s ¢6 nghia, khon ) \ £ A 1K
, .z R £ ‘. £ Nhiét @6 °C, nam Dung truc tiép, khong lay
Khoang ¢6 s0 0 tuyét doi .
Interval Difi ofil Temperature in °C, log
ifferences meaningful, calendar year Used directly, no logs

no true zero

C6 s6 0 tuyét doi, ti sb

Doanh thu, gia, thu

Til¢ c6 nghia nha
Ratio True zero, ratios i Lo
) Revenue, price, income
meaningful

Nguon dir liéu Viét Nam — Vietnamese data sources

Co quan

Agency

Cuc Théng ké (Bo Tai
chinh)

National Statistics Olffice
(Ministry of Finance)

Ngan hang Nha nudc Viét
Nam
State Bank of Vietnam

Cuc Hai quan (B¢ Tai chinh)
Customs Department (Ministry
of Finance)

B Tai chinh

Ministry of Finance

Uy ban Chimg khoan Nha
nudc, cac so giao dich
chung khoan

State Securities Commission,
stock exchanges

Ngan hang Thé gii (World
Bank WDI)
World Bank (WDI)

Loai dir liéu chinh
Main data

Nién giam thong k&, GDP, CPI, san xuat cong
nghiép, khao sat mirc song dan cu, diéu tra lao
dong — viéc lam, diéu tra doanh nghi¢p
Statistical yearbook, GDP, CPI, industrial output,
household living standards survey, labour force
survey, enterprise census

Lai suét, ty gi4, ting truong tin dung, tong
phuong tién thanh toan

Interest rates, exchange rates, credit growth, money
supply

Kim ngach xuat khau, nhap khéu theo mit
hang, thi truong
Exports and imports by product and partner

Thu, chi ngan sach nha nudc, ng cong
State budget revenue and spending, public debt

Gi4, khdi luong giao dich ¢ phiéu; bao cao tai
chinh doanh nghiép niém yét

Share prices and volumes; listed firms’ financial
Statements

Chudi vi mé so sanh duoc giita cac nudc, tai
qua API

Cross-country comparable macro series,
downloadable via API

Dung truc tiép hodc log
Used directly or in logs

Tan suat
Frequency

Thang, quy, ndm
Monthly,
quarterly, annual

Ngay, thang
Daily, monthly

Thang
Monthly

Thang, nam

Monthly, annual

Negay, quy
Daily, quarterly

Nam
Annual

Trude khi dua sé liéu vao mo hinh can ghi rd: don vi do; gia hién hanh hay gi4 so sanh
(nim gbc ndo); tan suat; thoi diém thay d6i phuong phép tinh hoic thay doi dia giéi hanh
chinh. Sau sip xép don vi hanh chinh ngay 1/7/2025 (34 tinh, thanh phd), chudi sd liéu
cap tinh trude va sau mdc nay phai duge ghép lai theo dia gidi moi trudce khi so sanh.
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Before data go into a model, record: units; current or constant prices (which base year);
frequency; dates of methodological or boundary changes. After the administrative
reorganisation of 1 July 2025 (34 provinces and cities), provincial series before and after that
date must be re-aggregated to the new boundaries before comparison.

LOI HAY GAP / COMMON MISTAKE — Tron GDP gia hién hanh véi tiéu ding gia so
sanh trong cting mot md hinh; hodc ghép chudi tir hai ngudn c6 nim gbc khac nhau. Hé s6
wéc lwong khi d6 13n bién dong gia vao quan hé thyc. Ludn ghi ndm gbc vao tén bién (vi du:
GDP gia so sanh 2010).

Mixing GDP at current prices with consumption at constant prices in one model, or splicing series
from two sources with different base years. The estimated coefficient then picks up price movements,
not just the real relationship. Always put the base year in the variable name (e.g. GDP at 2010
prices).

1.4. Twong quan va nhan qua — Correlation and causation

Hbi quy cho biét Y thay d6i bao nhiéu khi X thay d6i mét don vi trong sd liéu. Noi X
gy ra sy thay d6i cia Y 13 khang dinh manh hon: can 1y thuyét kinh té, can loai trir bién
thir ba va nhan qua ngugc. Mot hé s6 hdi quy c6 ¥ nghia thong ké chua da dé két luan
nhan qua.

A regression tells how much Y changes when X changes by one unit in the data. Saying X causes

the change in Y is a stronger claim: it needs economic theory and the exclusion of third variables
and reverse causality. A statistically significant regression coefficient is not enough to conclude

causation.
Tiéu chi Twong quan Nhin qua
Criterion Correlation Causation
Noi dung Hai bién cing bién dong Thay d6i X lam Y thay d6i
Meaning Two variables move together Changing X changes Y
Chiéu Déi ximg: 1(X, Y) = (Y, X) C6 chiéu: X tac dong 1én Y
Direction Symmetric: (X, Y) = r(Y, X) Directional: X acts on Y
Heé s6 hoi quy khi da kiém soat cac
Do bang Hg sO tuong quan r bién khac, thuc nghiém
Measured by Correlation coefficient r Regression coefficient with controls,
experiments

C6 ly thuyét, dung thir ty thoi gian,

Dudékét luankhi  C6 s0 lidu loai dugc bién thir ba
Sufficient when Data are available Theory, correct timing, third variables
ruled out

Ba trwong hop twong quan khong phai nhan qua — Three cases of correlation without
causation
« Bién thir ba. Doanh s6 kem va s6 nguoi di boi ciing ting vao mua hé; ca hai do nhiét
dd quyét dinh. Hoi quy doanh s0 kem theo s6 nguodi di boi cho hé s6 duong nhung
khong c6 y nghia nhan qua.
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Third variable. Ice-cream sales and swimmer numbers both rise in summer, both are driven
by temperature. Regressing ice-cream sales on swimmers gives a positive coefficient with no
causal meaning.

« Nhan qua ngwge. Doanh nghiép dit ngan sach quang cdo bang mot ti 1¢ cd dinh cua
doanh thu dy kién. Tuong quan duong giita quang céo va doanh thu khi d6 mot phan
1a do doanh thu quyét dinh quang cio.

Reverse causality. A firm sets its advertising budget as a fixed share of expected revenue.
The positive correlation between advertising and revenue is then partly revenue driving
advertising.

« Twong quan gia giira hai chudi c6 xu thé. Hai chudi thoi gian cing ting theo thoi
gian s& c¢6 r gan 1 du khong lién quan gi t&i nhau. Hinh 1.2 v& hai chudi mé phong doc
1ap, mdi chudi 1a mot budc ngiu nhién (gia tri ky nay = gia tri ky trudc + nhiéu).
Spurious correlation between trending series. Two time series that both drift upward will
show r close to 1 even when unrelated. Figure 1.2 plots two independent simulated series,
each a random walk (this period’s value = last period’s value + noise).

- 60
36 = Chudi A (truc trai) oY "
== Chudi B (truc phai) / !
34 - 58
< 32 A .
£ 30 (.8
Q )
wn n
< 287 54 2
©Q ©Q
_3 26 - é
O @)
24 - - 52
2 / L r (mire) = 0,892
r (sai phan) = 0,302 | | 50
20 1 T T - T r T T T
0 5 10 15 20 25 30 35 40

Ky / Period

Hinh 1.2. Hai budc ngu nhién doc 1ap van c6 hé s6 twong quan cao (chudi mé phong)
Figure 1.2. Two independent random walks still show a high correlation (simulated series)

Hai chudi duoc sinh doc 1ap nén twong quan tong thé bang 0, nhung trén 40 ky r = 0,892.
Lay sai phan (muc thay d6i timg ky) dé bo xu thé thi r chi con 0,302. Vi chudi thoi gian,
r cao gitta hai bién ¢ dang mirc chwa noi 1én diéu gi; Chuong 8 va Chuong 9 trd lai van
dé nay.

The two series were generated independently, so the population correlation is zero, yet over 40
periods r = 0.892. Taking first differences (period-to-period changes) removes the trend and r

drops to 0.302. With time series, a high r between two variables in levels says nothing on its
own,; Chapters 8 and 9 return to this issue.

LOI HAY GAP / COMMON MISTAKE — Viét “r = 0,95 nén X 1a nguyén nhan lam ting
Y” hodc “R? cao nén mé hinh ding”. Hé sb tuwong quan chi do muc do cing bién dong tuyén
tinh; két luan vé tac dong phai dira vao hé s hdi quy trong mé hinh duge xay dyng tir Iy
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thuyét, da kiém soat cac bién lién quan.

Writing “r = 0.95, so X causes Y to rise” or “R?is high, so the model is right”. The correlation
coefficient only measures linear co-movement; conclusions about effects must rest on regression
coefficients in a theory-based model that controls for the relevant variables.

1.5. On tap: bién ngiu nhién, ky vong, phwong sai, hiép phwong sai — Review:

random variables, expectation, variance, covariance

Bién ngiu nhién va phan phoi xdc sudt — Random variables and probability distributions
Bién ngiu nhién nhin gia trj bang s6 tiy theo két qua cua mot phép thir. Bién roi rac
nhan hitu han hodc dém duoc gia tri (sb don hang, sé khach); bién lién tuc nhan moi gia
tri trong mot khoang (thoi gian giao hang, loi suat). Bién roi rac mo ta bang bang phan
phéi X4c suit pi = P(X =x) voi Xp; = 1; bién lién tuc mo ta bﬁng ham mat d¢ f(x) véi dién
tich dudi duong mat d bang 1.

A random variable takes numerical values depending on the outcome of an experiment. A
discrete variable takes finitely or countably many values (orders, customers); a continuous
variable takes any value in an interval (delivery time, return). A discrete variable is described by

its probability table p; = P(X = x;) with Xp; = 1, a continuous one by a density f(x) whose total
area equals 1.

E(X) = 1 =X xipi (1.3)
Var(X) = 0% = E[(X — w)?] = E(X?) — [E(X)]? (1.4)
E(aX+b) =aE(X) + b; Var(aX+ b) = a?Var(X) (1.5)

Ky vong 1a gia tri trung binh theo xac suat; phuwong sai do d6 phan tan quanh ky vong,
don vi 1a binh phuong don vi cua X; dg 1éch chuén o = \/Var(X) cung don vi véi X. Cong
thém hang sd b doi ky vong nhung khong 1am d6i phuong sai.

The expectation is the probability-weighted mean; the variance measures spread around it in

squared units of X; the standard deviation o = \Var(X) is in the units of X. Adding a constant b
shifts the mean but leaves the variance unchanged.

Bang 1.1. S6 don hang bi tra lai trong mét ngdy — Table 1.1. Returned orders per day

Xi (don) Tong
x; (orders) Total

. 0,30 0,35 0,20 0,10 0,05

Pi 0.30 0.35 0.20 0.10 0.05

<D 0,00 0,35 0,40 0,30 0,20 1,25
iPi 0.00 0.35 0.40 0.30 0.20 1.25

<D 0,00 0,35 0,80 0,90 0,80 2,85
pi 0.00 0.35 0.80 0.90 0.80 2.85

VI DU/ EXAMPLE — Kho thuong mai dién tir ciia Cong ty Thuwong mai Lam Son ghi nhan
s6 don hang bi tra lai mi ngay theo Bang 1.1 (dit kién dé bai). Mdi don tra lai tén 35 nghin
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dong phi van chuyén ngugc, chi phi ¢d dinh xir Iy hang tra 1a 50 nghin dong/ngay. Tinh ky
vong, do 1éch chuin cta s don tra lai va cta chi phi C =50+ 35X.

The e-commerce warehouse of Lam Son Trading records returned orders per day as in Table 1.1
(given data). Each return costs VND 35 thousand in reverse shipping, and the fixed cost of handling
returns is VND 50 thousand a day. Find the expectation and standard deviation of returned orders
and of the cost C = 50 + 35X.

1. E(X) = Zx;pi = 1,25 don/ngay.
E(X) = 2xipi = 1.25 orders per day.

2. B(X?) = Zx%p; = 2,85; Var(X) = 2,85 — 1,252 =2,85 — 1,5625 = 1,2875; 6 = V1,2875 =
1,1347 don.

E(X?) = Xxip; = 2.85; Var(X) = 2.85 — 1.25? = 2.85 — 1.5625 = 1.2875; 0 =\1.2875 =
1.1347 orders.

3. Theo (1.5): E(C) = 50 + 35 x 1,25 = 93,75 nghin déng; Var(C) = 352 x 1,2875 =
1.577,1875; o(C) = 35 x 1,1347 = 39,71 nghin dé)ng. Chi phi c¢b dinh 50 khong anh
hudng téi do 1éch chuan.

By (1.5): E(C) =50 + 35 x 1.25 = VND 93.75 thousand; Var(C) = 352 x 1.2875 =
1,577.1875; 6(C) = 35 x 1.1347 = VND 39.71 thousand. The fixed cost of 50 does not affect
the standard deviation.

Hiép phuong sai va hé s6 twrong quan ciia hai bién ngiu nhién — Covariance and

correlation of two random variables

Cov(X,Y) = E[(X — mx) (Y — my)] = E(XY) — E(X)E(Y) (1.6)
pxy = Cov(X,Y) / (oxoy), —1<pxy<1 (1.7)
Var(aX + bY) = a?Var(X) + b?Var(Y) + 2ab-Cov(X, Y) (1.8)

Cov > 0: hai bién c6 xu huéng cing 16n hon hodc ciing nhé hon ky vong cia chiing; Cov
< 0: nguoc chiéu. Cov phu thudc don vi do nén khong so sanh duoc gitra cac cap bién; p
chuan hoa vé khoang [—1; 1], khong c6 don vi. p = =1 khi Y 13 ham tuyén tinh chinh xac
ctia X. Hai bién doc lap thi Cov = 0, nhung Cov = 0 khong suy ra doc lap: néu X nhan
—1, 0, 1 v6i x4c suat bang nhau va Y = X2 thi Cov(X, Y) = E(X*) - E(X)E(X?)=0du Y
duogc xac dinh duy nhat boi X. p chi do quan hé tuyén tinh.

Cov > 0: the two variables tend to be above or below their means together, Cov < (. in opposite
directions. Covariance depends on units and cannot be compared across pairs, p rescales it to
[—1; 1] and is unit-free. p = =1 when Y is an exact linear function of X. Independence implies
Cov = 0, but Cov = 0 does not imply independence: if X takes —1, 0, 1 with equal probability
and Y = X? then Cov(X, Y) = E(X?) — E(X)E(X?) = 0 although Y is fully determined by X. p
measures only linear association.
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Bang 1.2. Loi suit hai duw 4n theo trang thai nén kinh té (%/nim) — Table 1.2.
Returns of two projects by state of the economy (% a year)

Trang thai Xac suit Du an X DuanY
State Probability Project X Project Y
2
0 —4 2

Suy gidm

Downturn 0.2

Binh thuong 0,5 2 6
Normal 0.5

Tang tmong 0,3 16 7
Expansion 0.3

Vi DU/ EXAMPLE — Quy dau tu Bén Thanh c4n nhic hai dy an c6 loi suat theo Bang 1.2
(dir kién d& bai). Tinh ky vong, phuong sai, hiép phuwong sai, hé s trong quan va phuong sai
ctia danh muc chia déu von 50% — 50%.

Bén Thanh Investment Fund considers two projects with the returns in Table 1.2 (given data).
Compute the expectations, variances, covariance, correlation and the variance of a 50%—50%

portfolio.

1LEX)=02x(-4)+0,5x8+0,3x16=8,0%; E(Y)=02%x2+0,5%x6+03x7=
5,5%.

EX)=02x(=4)+0.5 x8+0.3 x16=80%; E(Y)=02x2+05x6+03x7=
5.5%.

2. B0 1&ch so véi ky vong: X — E(X) =-12,0; 0,0; 8,0; Y — E(Y) =-3,5; 0,5; 1,5.
Var(X) = Zp(X — E(X))* =48,00; Var(Y) = 3,25.

Deviations from the means: X — E(X) = —12.0; 0.0, 8.0; Y — E(Y) = —3.5, 0.5, 1.5. Var(X)
=2p(X — E(X))? = 48.00; Var(Y) = 3.25.

3. Cov(X, Y)=Zp(X—EX))Y —E(Y))=12,00; p = 12,00/\/(48,00 % 3,25)=0,9608:
hai dy an bién dong cung chiéu, kha chit.

Cov(X, Y) = Zp(X — E(X))(Y — E(Y)) = 12.00; p = 12.00(48.00 x 3.25) = 0.9608: the
projects move together fairly closely.

4. Danh muc P =0,5X + 0,5Y: E(P) = 6,75%; theo (1.8) Var(P) = 0,25 x 48,00 + 0,25 x
3,25 +2 % 0,25 x 12,00 = 18,8125, o(P) = 4,337%. Néu quén sb hang hiép phuong
sai s& ra 12,8125, thap hon rui ro that.

Portfolio P = 0.5X + 0.5Y: E(P) = 6.75%, by (1.8) Var(P) = 0.25 x 48.00 + 0.25 x 3.25 + 2
x0.25 x 12.00 = 18.8125, o(P) = 4.337%. Forgetting the covariance term gives 12.81235,
understating the true risk.

Ky vong cé diéu kién — Conditional expectation
E(Y | X =x) la gi4 tri trung binh ctia Y trong nhém c¢é X = x. Khi X thay d6i, E(Y | X) v&
thanh mot dudng; duong d6 1a ham hdi quy tong thé (PRF) ctia Chuong 2. Vi dy: luong
ban trung binh ctia moi thang c6 gia 25 nghin dong/léc 13 E(Y | X = 25). Bai tap 2 cubi
chuong tinh E(Y | X) tir mot bang phan phdi dong thoi.
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E(Y | X =x) is the mean of Y in the group with X = x. As X varies, E(Y | X) traces a line; that line
is the population regression function (PRF) of Chapter 2. Example: average sales over all
months priced at VND 25 thousand per pack is E(Y | X = 25). Exercise 2 at the end of the
chapter computes E(Y | X) from a joint distribution table.

EY|X=x) =%y P(Y=y|X=%), PA=y|X=x)=PX=xY=y)/PX=x)
(1.9)

Théng ké miu: trung binh, phwong sai, hi¢p phwong sai, hé sé twong quan —
Sample statistics: mean, variance, covariance, correlation

Trong thyc té ta khong biét phan phdi tong thé ma chi c6 miu n quan sat. Pat xi = X; — X
vayi = Yi — Y (chit thuong 1a do 1éch so véi trung binh; ky hiéu nay dung sudt cudn
sach). Cac théng ké miu chia cho n — 1 dé 1a u6c luong khong chéch cia tham sb tong
thé.

In practice the population distribution is unknown and only a sample of n observations is
available. Let x; = X; — X and y; = Y; — Y (lower case denotes deviations from the mean, this

notation is used throughout the book). Sample statistics divide by n — 1 so that they are unbiased
estimators of the population parameters.

X=3Xi/n; Sx=3x2/(n— 1) (1.10)
Sxy =2xiyi / (n—1); r=2Zxiyi/ V(EX2Iyi2) = Sxv / (SxSy) (1.11)

Bang 1.3. Bai tinh tay: chi quing c4o va doanh sb ciia 6 cira hang — Table 1.3. Hand
calculation: advertising and sales of 6 shops

Shop
1 1 14 -3 -6 18 9 36

2 2 13 -2 =7 14 4 49
3 3 19 -1 -1 1 1 1
4 4 17 0 -3 0 0 9
5 5 24 1 4 4 1 16
6 9 33 5 13 65 25 169
Téng

24 120 0 0 102 40 280
Sum

VI DU/ EXAMPLE — Chudi ctra hang dién thoai Anh Duong c6 6 cira hang; X 1a chi
quang cdo (triéu ddng/thang), Y 1a doanh sé (chiéc/thang), s liéu & Bang 1.3 (dit kién dé
bai). Tinh hiép phuong sai mau va hé sé twong quan.

The Anh Duwong phone retailer has 6 shops; X is advertising spend (VND million per month), Y is unit
sales (phones per month), data in Table 1.3 (given data). Compute the sample covariance and the
correlation coefficient.
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1. X =24/6 =4; Y = 120/6 = 20. Lap cot x;, yi; kiém Zx; = Zy; = 0.
X =24/6 =4; Y = 120/6 = 20. Build the x;, y: columns, check 2x; = Xy; = 0.

2. Ixiyi = 102; Tx? = 40; Ty = 280. Sxy = 102/5 = 20,4; Sx = V(40/5) = 2,8284; Sy =
V(280/5) = 7,4833.
Zxy = 102; Ex7 = 40; Sy = 280. Sxy = 102/5 = 20.4; Sx = (40/5) = 2.8284; Sy =
N(280/5) = 7.4833.

3. 1r=102/N(40 x 280) = 102/105,8301 = 0,9638. Quan hé tuyén tinh cing chiéu, chit:
ctra hang chi quang c4o nhiéu hon c6 doanh sb cao hon.
r=102N(40 x 280) = 102/105.8301 = 0.9638. A strong positive linear relationship: shops
that advertise more sell more.

35 X4
! °
! 65
. Xiyi <0 i Xiyi >0
- 30 ¥ :
g i
S i
3 |
= 25 4 H
) ! °
“Q i 4
i ¥=20
1) S S
3 .1 i
~ L]
10
15 4 i
¢ 18 !
L 14 i }xV‘/\O
xiyi > 0 !
10 r t T T .
0 2 4 6 8 10

X: chi quang c4o (triéu dong/thang)

Hinh 1.3. D4u cua tich xiyi theo bén gbc phan tu quanh diém (X, ¥) — s6 canh mdi diém 14 xiyi
Figure 1.3. Sign of xyy; in the four quadrants around (X, Y) — the number beside each point is xy;
Piém nam & goc trén phai va dudi trai gop tich xiyi dwong; goc trén trai va dudi phai gop
tich &m. Xx;y; dwong nghia 14 phan 16n khdi lwong nam & hai goc cung dau. Cira hang 6

(X =9) gop tich 16n nhét, 65 trén tong 102: mdt quan sat xa trung binh c6 thé chi phdi r.
Points in the upper-right and lower-left quadrants contribute positive xy;, upper-left and lower-
right contribute negative products. A positive 2x;y; means most of the weight lies in the same-

sign quadrants. Shop 6 (X = 9) contributes the largest product, 65 out of 102: one observation
far from the mean can dominate r.

Kiém dinh y nghia cia hé ) twong quan — Testing the significance of a correlation
t=rvV(n—-2) /Y1 =12 ~ t(n—2) khiHo: p=0  (1.12)

Vi DU/ EXAMPLE — V6i Bang 1.3: t = 0,9638 x V4/7(1 — 0,9289) = 7,231. Tra to,0s® =
2,776. |t| > 2,776 nén bac béd HO: p = 0 & muc 5%. Trén bd A ciia May Xanh (gia va lugng
ban, 10 thang), r = —0,9622, r2 = 0,9258: ding bang R? = 0,9258 ctia hdi quy hai bién &
Chuong 2.
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For Table 1.3: t = 0.9638 x N4/N(I — 0.9289) = 7.231. Table value to.os¥ = 2.776. |t| > 2.776, so
reject HO: p = 0 at 5%. On data set A of May Xanh (price and sales, 10 months), r = —0.9622 and r?
=0.9258: exactly the R? = 0.9258 of the two-variable regression in Chapter 2.

LOI HAY GAP / COMMON MISTAKE — Chia cho n thay vi n — 1 khi tinh phuong sai,
hiép phuong sai mau (may tinh bo tai c6 hai phim on va on—1). Hé s6 r khong bj anh huong
vi tir va mau cung chia, nhung Sx, Sy, Sxy sai. Ldi thi hai: viét Var(X — Y) = Var(X) —
Var(Y). Bung theo (1.8) voia=1,b=—1: Var(X — Y) = Var(X) + Var(Y) — 2Cov(X, Y);
phuong sai khong bao gio am.

Dividing by n instead of n — 1 for the sample variance or covariance (calculators have separate on
and on—1 keys). r is unaffected because numerator and denominator are divided alike, but Sx, Sy and
Sxy are wrong. A second slip: writing Var(X — Y) = Var(X) — Var(Y). By (1.8) witha =1, b = —1:
Var(X = Y) = Var(X) + Var(Y) — 2Cov(X, Y), a variance is never negative.

1.6. Cac phan phoi xac suit dung trong Kinh té lwong — Probability distributions

used in econometrics

Phén phoi chuan — The normal distribution

X ~ N(, 6%) c¢6 dudng mat ¢ hinh chudng, ddi xing quanh p; khoang p £ 1,966 chua
95% xac suat. Chuan hoa dwa moi phan phdi chuan vé phan phdi chudn tac N(0, 1). To
hop tuyén tinh cia cac bién chuan doc 1ap van c6 phan phdi chuan. Pinh 1y giéi han
trung tim: trung binh miu ctia n quan sat doc 1ap, cung phan phdi (phuong sai hiru han)
c¢6 phan phdi xap xi chuan khi n du 16n, bat ké phan phéi goc.

X ~ N(u, 6?) has a bell-shaped density symmetric about u; the interval y + 1.960 holds 95% of
the probability. Standardisation turns any normal variable into the standard normal N(0, 1). A
linear combination of independent normal variables is again normal. Central limit theorem: the
mean of n independent, identically distributed observations (finite variance) is approximately
normal for large n, whatever the parent distribution.

Z=X-p) /o ~ N(0,1) (1.13)
X~N(w 02/n) = Z=&X—-p) / (6/vn) ~N(0, 1) (1.14)

Phan phoi 2, Student t va Fisher F — The y?, Student t and Fisher F distributions

Ba phéan phdi sau déu dung tir bién chuéan tic. Cho Zi, ..., Zc ddc lap, cung phan phdi
N(0, 1); V ~x2(k) va Z doc 1ap v6i V; Vi ~ 3(ki), V2 ~ ¥3(kz) doc 1ap. Tham s6 k (ki, k)
goi la bac tw do.

The next three distributions are all built from standard normals. Let Zi, ..., Z; be independent
N, 1); V ~ y*(k) with Z independent of V; Vi ~ y?(ki) and V: ~ y(kz) independent. The
parameter k (ki, kz) is called the degrees of freedom.

X2(K) = Z12 4+ Z22 + ... + 22 (1.15)
t(k) =Z / V(V/k) (1.16)
F(ky, k2) = (Vi/k1) / (V2/k2) (1.17)
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Phan phéi Hinh dan Dung & diu trong kinh té lrong
Y ang

Distribution Shape Use in econometrics

Mau 16n, kiém dinh z, Jarque-Bera

Déi xtmg quanh 0 oA 2
N(0, 1) orx g qua 0 dua trén gia thiét chuan

Symmetric about () )

Large samples, z-tests, normality checks

Chi nhéan gia tri duong, Khoang tin cdy 62, kiém dinh White,
(k) léch phai k BG, Jarque—Bera

Positive only, right-skewed ClI for o®, White, BG, Jarque—Bera tests

1}\)10(; xe dubi ddy hon Kiém dinh va khoang tin cdy timg hé
t(k) ©,1) . o 0(k>1) s6 hdi quy

Symmetric, heavier tails than ' .

N(O, 1) Tests and Cls for each coefficient

Chi nhéan gia tri duong,
F(ki, k2) léch phai ka/(k2 —2)
Positive only, right-skewed

Kiém dinh sy phu hop, Wald, Chow
Overall fit, Wald, Chow tests

0,45 1
— N(0, 1
0,41 ©.1)
—= )
0,35 ——= 13)
z 03-
g
Q 0,25 T
'('8' 0,2 1 duoi t(3) day hon
& heavier tails of t(3)
= 0,15
0,1 1
0,05 1
0- ~ —
—4 -3 -2 -1 0 1 2 3 4
Gia tri / Value

Hinh 1.4. Mat d6 chuan tic va mat d6 Student t: bac ty do cang nho, dudi cang day
Figure 1.4. Standard normal and Student t densities: fewer degrees of freedom, heavier tails

Dudi day hon nén gié tri t¢i han cua t 16n hon cta z: hai phia muc 5%, z = 1,96 nhung
to,02s(19 = 2,228. Khi bac ty do ting, t tién vé& N(0, 1); tir khoang 30 bac tu do tré 1én hai
phan phdi gan nhu tring nhau.

Heavier tails make the t critical value larger than z: two-sided at 5%, z = 1.96 but to.025"? =
2.228. As the degrees of freedom grow, t approaches N(0, 1); from about 30 degrees of freedom
the two are almost identical.
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Quan hé giira cac phan phoi — Relationships between the distributions

Quan hé Kiém bing bang tra (mirc 5%)
Relationship Check with tables (5% level)

1,96 = 3,8416 = y2o,05(1) = 3,841
1.967 = 3.8416 = y05(1) = 3.841

22 ~y(1)

2,228 = 4,964 = Fo,05(1; 10) = 4,965

- 2 o
T~tk)=T*~F(1, k) 2.228% = 4.964 = Fo.os(1, 10) = 4.965

t(k) tién vé N(0, 1) khi k 16n to,025(19 = 2,228; t0,025(2% = 1,980; z = 1,96
t(k) tends to N(0, 1) as k grows to.0257% = 2.228; to.025"?% = 1.980; z = 1.96

ki-F(ki, k) tién vé y*(k1) khi ka2 16n 3 X Fo,05(3; 1000) =3 x 2,614 = 7,842 = y%0,05(3) = 7,815
ki-F(ki, k2) tends to y*(ki) as k: grows 3 % Fo.os(3, 1000) =3 x 2.614 = 7.842 = y%.05(3) = 7.815

Quan hé T2 = F(1, k) giai thich vi sao trong hdi quy hai bién théng ké F cua kiém dinh su
phu hop dung bang binh phuong thong ké t ciia hé sb goc (Chuong 3).

The relation T? = F(1, k) explains why, in a two-variable regression, the F statistic for overall fit
equals the square of the slope’s t statistic (Chapter 3).

Cach tra bang — Reading the tables

Bang ¢ Phu luc B cho gia tri t6i han dudi phai: s6 ¢ sao cho xac suat phan phdi vuot ¢
béng a. Kiém dinh hai phia muc o thi tra o/2. Pau dong 1a bac tu do, dau cot 1a a. Béang F
c6 hai bac tu do: ki cua tir sd (déu cot), k2 ctia mau sb (déu dong); ddi chd hai bac tu do
s& ra s6 khac.

The tables in Appendix B give right-tail critical values: the number c such that the probability of
exceeding c is o. A two-sided test at level o uses o/2. Rows are degrees of freedom, columns are

o. The F table has two degrees of freedom: ki for the numerator (columns) and k: for the
denominator (rows), swapping them gives a different number.

Cén tim Ky hi¢u Giatri | Dung khi
Needed Notation Value Used for

t, hai phia 5%, df = 15 to,025(1) 2,131 Khoang tin cay 95%, H1: pu # po
t, two-sided 5%, df = 15 fo.025(9 2.131 95% CI, H1: 1t # pto
t, mQt phia 5%, df = 15 to,05"%) 1,753 HI1: p> po hodc p < po
t, one-sided 5%, df = 15 to.05(1Y 1.753 HI: > poorpu<po
y? dudi phdi 2,5%, df =15 y0,025(15) 27,488 Can dudi khoang tin cdy o>
x> upper 2.5%, df = 15 x0.025(15) 27.488 Lower limit of CI for o*
2 dudi phai 97,5%, df = A L.
)lc 5 uot phat ° ¥o,975(15) 6,262 Can trén khoang tin cdy 6>
%0.975(15 6.262 U limit of CI 2
x> upper 97.5%, df = 15 Kosrs(13) pper limit of Cl for &
> muc 5%, df =5 %0,05(5) 11,070 Kiém dinh White, BG (Chuong 7, 8)
xlat 5%, df=5 x0.05(5) 11.070 White, BG tests (Chapters 7, 8)
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Cén tim Ky hi¢u Giatri | Dung khi
Needed Notation Value Used for

F muic 5%, (3; 20) Fo,05(3; 20) 3,098 Kiém dinh F hdi quy bdi (Chuong 4)
Fat5%, (3, 20) Fo.05(3, 20) 3.098 F-test in multiple regression (Chapter 4)
z hai phia 5% 70,025 1,96 o d3 biét hodc mau lén
z two-sided 5% Z0.025 1.96 o known or large sample
z mdt phia 5% Z0,05 1,645 Kiém dinh z mét phia
z one-sided 5% Z0.05 1.645 One-sided z-test
48] F(3; 20)
0,15 A
0,125 1
2z
£ ol
A
< 0,075
= 0,051
0,025
0 T T T T U T T T
0 5 10 15 20 0 2 4
x F

Hinh 1.5. Phan phdi ¥2(5) va F(3; 20): ving t6 1a 5% dudi phai, bén phai gi4 tri t6i han
Figure 1.5. The y*(5) and F (3, 20) distributions: the shaded area is the 5% right tail beyond the critical
value

LOI HAY GAP / COMMON MISTAKE — Ba 15i tra bang hay gip: (1) kiém dinh hai phia
ma tra cOt o thay vi o/2 (dung 1,753 thay cho 2,131 khi df = 15); (2) dung bac tu do n thay vi
n— 1 (v6i trung binh) hodc n — k (vi hdi quy k tham s6); (3) voi F, ddi chd béc tu do tir s6 va
1’1’12:111 Sé.

Three common table errors: (1) using column o instead of o/2 in a two-sided test (1.753 instead of
2.131 for df = 15); (2) using n degrees of freedom instead of n — 1 (for a mean) or n — k (for a
regression with k parameters); (3) for F, swapping numerator and denominator degrees of freedom.

1.7. Uéc lwgng diém va wéc lwgng khoang — Point and interval estimation

Tham s6 (i, 62, B2) 14 con s ¢6 dinh cia tong thé, khong biét. Uéc lwong (estimator) 1a
mot cong thirc tinh tir mau, vi du X = XXi/n; nd 1 bién ngiu nhién vi mau thay doi thi gia
tri thay d6i. Gia tri wée lwong (estimate) 1a con sé cu thé khi thé mot mau vao cong thic,
vi du X = 42 phut. Ba tinh chét dung dé so sanh cac udc lugng:

A parameter (u, o? [:) is a fixed, unknown population number. An estimator is a formula
computed from the sample, e.g. X = XX;/n; it is a random variable since its value changes from
sample to sample. An estimate is the specific number obtained from one sample, e.g. X = 42
minutes. Three properties are used to compare estimators:
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Khong chéch: E(8) = 0; Hiéu qua: Var(8) < Var(8); Vitng: plimn-w 8 = 0
(1.18)

Tinh chat Pinh nghia Vi du
Property Definition Example

. S x s E(X) = p; S? chia n — 1 khong chéch
T binh b b ’ . Y
Khong chéch 0 rung b cua v qua mot mau 5ang - pian bi chéch xuong
Unbiased E(X) = u; S?with n — 1 is unbiased, with

The mean of & over all samples equals 0 w biased downward

Khong chéch va c¢6 phuong sai nho Gauss—Markov: OLS la BLUE

Hiéu qua nhit trong mét 16p ude luong (Chuong 2)
Efficient Unbiased with the smallest variance in a =~ Gauss—Markov.: OLS is BLUE (Chapter
class 2)

6 hoi tu theo xéac suét vé 0 khin tang

Var(X) = 6%/n tién vé 0
& converges in probability to 6 as n (X)

Var(X) = o*/n tends to 0

Viing
Consistent
grows

Vi DU / EXAMPLE — So sanh hai udc luong ciia p tir mau n quan sat doc lap: X = XXi/n
va i = (X1 + X,)/2 (trung binh cta quan sat dau va cudi). Ca hai khong chéch vi E(n) = (n +
11)/2 = w. Nhung Var(X) = 6%/n con Var(pt) = 6%/2. Véin = 16, Var(X) = 6%/16, chi bang 1/8
Var(p): X hiéu qua hon. Khi n ting, Var(X) tién vé 0 nén X vitng; Var(jt) ludn bang 62 nén
1 khong virng du khong chéch.

Compare two estimators of u from n independent observations: X = XXi/n and u = (Xi + X,)/2 (the
mean of the first and last observations). Both are unbiased since E(i) = (u + p)/2 = . But Var(X) =
o*/n while Var(n) = 6%/2. With n = 16, Var(X) = 6%/16, only 1/8 of Var(u): X is more efficient. As n
grows Var(X) tends to 0, so X is consistent; Var(u) stays at 62, so i1 is not consistent although
unbiased.

Khoang tin cdy — Confidence intervals

Khoang tin cdy (1 — o) 1a khoang (a; b) tinh tir mau sao cho, néu lap lai viéc léy mau
nhiéu 1an, ti 18 (1-o) ) khoang chira tham s6 that. Véi mot mau cu thé, khoang da tinh
hodc chtra hoac khong chira p; “95%” 1a dg tin cdy cuia phuong phap.

A (I — a) confidence interval is an interval (a; b) computed from the sample such that, over

repeated sampling, a share (I — a) of the intervals contain the true parameter. For one given
sample the interval either contains u or not;, “95%" is the reliability of the method.

o dabiét: X — za/z-c/\/n <pu< X+ za/z-c/\/n (1.19)
o chwa biét: X — to20-D-s/vn < p < X+ to20-D-s/v/n - (1.20)
(n — 1)s2 / x2q/2(n—1) < 02 < (n—1)s? / x%1-a/2(n—1) (1.21)
VI DU/ EXAMPLE — o di biét. Goi ca phé ghi khéi lugng 500 g; may dong géi co 6=6 g
theo thong s k§ thuat. Can 36 gbi duoc X = 498 g (dir kién dé bai). se = o/\n = 6/N36 = 1;

Zo,02s = 1,96. Khoang tin cdy 95%: 498 + 1,96 x 1 = (496,04; 499,96) g. Khoang khong chira
500: khéi luong trung binh thap hon mirc ghi trén bao bi.
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o known. A coffee pack is labelled 500 g; the packing machine has o = 6 g by specification. Weighing
36 packs gives X = 498 g (given data). se = o/Nn = 6/N36 = 1; zo.02s = 1.96. 95% confidence interval:
498 £ 1.96 X 1 = (496.04; 499.96) g. The interval excludes 500: the mean weight is below the label.

Vi DU / EXAMPLE — ¢ chua biét. Dich vu Giao Nhanh Phuong Nam do 16 don ndi

thanh: X = 42 phut, s = 6 phut (dit kién dé bai, gia st thoi gian giao c6 phan phdi chuan). se =
6/N16 = 1,5; to,02519 = 2,131 Khoang tin cdy 95% cho p: 42 £2,131 x 1,5 = (38,8035;
45,1965) phut. Cho 62 (n — 1)s? = 15 x 36 = 540; y%0,025(15) = 27,488, %0,075(15) = 6,262;
khoang (19,6449; 86,2344) phut*.

o unknown. Giao Nhanh Phirong Nam measures 16 inner-city deliveries: X = 42 minutes, s = 6
minutes (given data, delivery time assumed normal). se = 6/N16 = 1.5; to.o2s™? = 2.131. 95%
confidence interval for u: 42 £ 2.131 x 1.5 = (38.8035; 45.1965) minutes. For o> (n — 1)s> =15 x 36
=540, y%.025(15) = 27.488, y%.975(15) = 6.262; interval (19.6449; 86.2344) minutes>.

Do rong khoang tin cdy tang khi d¢ tin cay tang (z, t 16n hon), khi do phan tan s 16n hon,
va giam khi ¢& mau n ting (theo Vn: mudn khoang hep di mét nira phai ting ¢ mau 1én
gap bon).

The interval widens with a higher confidence level (larger z or t) and a larger spread s, and
narrows as n grows (by \n: halving the width requires four times the sample size).

1.8. Kiém dinh gia thuyét théng k€ — Statistical hypothesis testing

Gia thuyét khong HO 1 phat biéu vé tham sé duoc giit cho toi khi dit lidu cho bang
chtng nguoc lai; luén chtra diu bang. Gia thuyét ddi H1 1a diéu ngudi nghién ciru mudn
chting minh. Kiém dinh 13 quy tic dwa vao mau dé quyét dinh bac bo hay chua du co so
bac bo HO.

The null hypothesis H0 is a statement about a parameter that stands until the data give evidence
against it; it always contains the equality. The alternative hypothesis H1 is what the researcher
wants to show. A test is a sample-based rule for deciding to reject or not to reject H0.

Loai kiém
dinh
Test type

Cip gia thuyét Bac bé HO khi Vi du cdu héi

Hypotheses Reject HO when Example question

Thoi gian giao trung binh c6

Hai phia khac 46 phut khong?
HO: p = po; HI: t| > t(o/2; d

Two-sided B Hos b [t>t(o2; df) Does mean delivery time differ from
46 minutes?
C6 giao cham hon cam két 40

Mot phia phai phut khong?

: HO: n<po; H1: p> t>t(o; d

Right-tailed H= o Ee (o; di Is delivery slower than the 40-

minute promise?
am oid c6 1am | L
Mt phia tréi Gidam gia c6 lam lugng ban gidam

HO: p>po; Hl: p<po  t<—t(a; df) khong? (H1: B2<0)

Lefi-tailed )
' Does price cut sales? (H1: 2 < 0)
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Sai 1am loai I, loai II va mirc y nghia — Type I and Type II errors and the significance
level

Quyét dinh HO ding HO sai
Decision HO true HO false

Pung, xac suat 1 — B (Iyc kiém

Bac bo HO Sai 14m loai I, x4c suit a dinh)
Reject HO Type I error, probability o ;n .
Correct, probability 1 — f (power)
Chua du co so bac bo HO Pung, x4c suat 1 — a Sai 1Am loai II, x4c suét B
Fail to reject HO Correct, probability 1 — o Type II error, probability

Mirc ¥ nghia o = P(bac bé HO | HO dung) do ngudi kiém dinh chon trude, thuong 5%; 1%
khi hdu qua cua sai 1am loai I ning, 10% véi mau nhd. Véi cd mau ¢ dinh, giam o lam
tang; mudn giam ca hai phai ting c& mau.

The significance level a = P(reject HO | HO true) is chosen in advance, usually 5%, 1% when a

Type I error is costly, 10% for small samples. For a fixed sample size, lowering a raises f5;
reducing both requires a larger sample.

Thu tuc kiém dinh nam bwdc — The five-step testing procedure

1. Dt HO, H1 theo cau hoi (diéu can chimg minh dat & H1); x4c dinh hai phia hay mot
phia.
State HO and H1 from the question (the claim to be shown goes in H1); decide two-sided or
one-sided.

2. Chon mtrc ¥ nghia o va thong ké kiém dinh cing phan phdi ctia n6 khi HO dting (z, t,
x5 F).
Choose a and the test statistic with its distribution under HO (z, t, y°, F).

3. Tinh gia tri quan sat cia thong ké kiém dinh tir mau.
Compute the observed value of the test statistic from the sample.

4. Tra gia tri t6i han (mién bac bo) hodc tinh p-value.
Look up the critical value (rejection region) or compute the p-value.

5. Két luan bé‘mg 101 theo ngtr canh: “bac bo HO, ...” hoac “chua du co s¢ bac bo HO,

Conclude in words in context: “reject HO, ...” or ‘fail to reject HO, ..."”".
t= (X — o) / (s/vn) ~ t(n — 1) khi Ho ding (1.22)
p-value hai phia = 2-P(T > |tgs|) ; mot phia phai = P(T > tqs) (1.23)
p-value 1a x4c suat, khi HO dang, thu dugc gia tri thong ké kiém dinh cyc doan bang
hodc hon gia tri quan sat. p-value nho nghia 1a dit liéu khé xay ra néu HO dung. Quy tic:
p-value < o thi bac bé HO. Phin mém in sin p-value hai phia & cot Prob.; kiém dinh mot
phia thi chia d6i khi dau cta t dung chiéu H1.

The p-value is the probability, if HO is true, of a test statistic at least as extreme as the observed
value. A small p-value means the data would be unlikely under HO. Rule: reject HO when p-value
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< a. Software prints the two-sided p-value in the Prob. column; for a one-sided test, halve it
when t has the sign of HI.

Vi DU/ EXAMPLE — Kiém dinh z. Tiép vi du géi ca phé: HO: u = 500; H1: p # 500. z =
(498 — 500)/1 =—-2,00; |z| = 2,00 > 1,96 nén bac bo HO; p-value = 2-P(Z > 2,00) = 0,0455 <
0,05. Két luan: ¢ mirc 5%, khdi lugng trung binh khac mtrc ghi trén bao bi. Két luan tring véi
khoang tin cay & muc 1.7 vi 500 ndm ngoai khoang.

z-test. Continuing the coffee example: HO: ;= 500; HI: u# 500. z = (498 — 500)/1 = =2.00; |z| =
2.00 > 1.96, so reject HO; p-value = 2-P(Z > 2.00) = 0.0455 < 0.05. Conclusion: at 5%, the mean
weight differs from the label. This matches the confidence interval in section 1.7, since 500 lies
outside it.

Vi DU/ EXAMPLE — Kiém dinh t hai phia. Bio c4o nim trudc ctia Giao Nhanh Phuong
Nam ghi thoi gian giao trung binh 46 phat. Nam nay c6 khac khong? HO: p = 46; H1: p # 46.
t=(42 —46)/1,5=-2,667; |t| = 2,667 > to,025"'> = 2,131 nén bac bé HO; p-value = 0,0176. O
mirc 5%, thoi gian giao trung binh ndm nay khac 46 phut (thap hon).

Two-sided t-test. Last year’s report of Giao Nhanh Phwong Nam gave a mean delivery time of 46
minutes. Is this year different? HO: i = 46, Hl1: u+#46. t = (42 — 46)/1.5 = =2.667; |t| = 2.667 >
to.025("Y = 2.131, so reject HO; p-value = 0.0176. At 5%, this year’s mean delivery time differs from 46
minutes (it is lower).

Vi DU/ EXAMPLE — Kiém dinh t m§t phia. Cong ty cam két thoi gian giao trung binh
khong qua 40 phut. C6 bang chimg giao cham hon cam két khong? HO: u < 40; H1: p> 40. t
= (42 —40)/1,5 = 1,333 < to,0s"® = 1,753 nén chwa du co sé bac bé HO; p-value = P(T >
1,333)=0,1012 > 0,05. Mau 16 don chua du bang chimg dé néi cong ty vi pham cam két.
One-sided t-test. The company promises a mean delivery time of at most 40 minutes. Is there evidence
of slower delivery? HO: 1t <40; HI: u> 40.t = (42 — 40)/1.5 = 1.333 < to.os™ = 1.753, so we fail to
reject HO; p-value = P(T > 1.333) = 0.1012 > 0.05. A sample of 16 deliveries is not enough evidence
that the company breaks its promise.

Hai phia / Two-sided Mot phia phai / Right-tailed
—2.131! 52_131 i1‘753
0,4 1 i | 0,4 i
i i i
i i 1t=1,333
> 1 I 1
= 0,31 ! ! 0,3 1 !
g > : : ’ :
a : | i
~ I 1
g 024 12007 _ | 0.2 !
& | mién khong ! |
E ! bac bo HO ! !
i i i
0,1 | i 0,1 '
i i
i
| i i
(e = — " 0 !
—4 -2 0 2 4 —4 -2 0 2 4

1(15) 1(15)

Hinh 1.6. Mién bac bo (ving cam) cua kiém dinh t v6i 15 béc ty do: trai 1a hai phia, phai 13 mot
phia; vung xanh nhat la p-value
Figure 1.6. Rejection regions (orange) of a t-test with 15 degrees of freedom: two-sided on the lefi, one-
sided on the right; the light-blue area is the p-value
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Céach két luan Bac bé HO (hai phia) khi Uu diém

Approach Reject HO (two-sided) when Advantage

Lam dugc bang bang tra trong phong
thi

Works with printed tables in the exam

Mién béac bo |t quan sat| > t(a/2; df)
Rejection region |observed t| > t(o/2; df)

o i e Mo i o (1 = Thay ludn cac gia tri p phu hop voi

Khoang tin cay o) dir licu
Confidence interval . . . Shows all values of u consistent with the
o lies outside the (I — a) interval data '

Poc thing tir phan mém, cho biét
’ A 1Y h J

p-value p-value < a mue d(j) bang N ung ,

Read directly from software, shows

strength of evidence

LOI HAY GAP / COMMON MISTAKE — Viét “chip nhan H0” hogc “HO dang”. Khong
béac bo HO chi nghia 13 dit liéu chwa du bang chimg; vi du mot phia & trén c6 khoang tin cay
95% (38,80; 45,20) chira ca 40 13n 45. Dé thi trir diém cau két ludn “chdp nhan HO”.

Writing “accept HO” or “HO is true”. Not rejecting HO only means the data lack evidence, the one-
sided example above has a 95% interval (38.80; 45.20) containing both 40 and 45. Exams deduct
marks for the conclusion “accept HO”.

LOI HAY GAP / COMMON MISTAKE — Hiéu p-value 13 “x4c sudt HO dung” hodc “xac
suét két luan sai”. p-value dugc tinh khi gia sir HO ding, nén khong thé 1a x4c suét cia chinh
HO. Li thtr hai: kiém dinh mot phia nhung so p-value hai phia phdn mém in ra véi a, hodc
nguoc lai.

Reading the p-value as “the probability that HO is true” or “the probability of a wrong conclusion”.
The p-value is computed assuming HQ is true, so it cannot be the probability of HO itself. A second
slip: running a one-sided test but comparing the software’s two-sided p-value with o, or vice versa.

1.9. Phan mém kinh té lwgng — Econometric software

Pé thi UFM cho bang két qua theo khuon EViews; khi lam tiéu luan, sinh vién co thé
ding bat ky phdn mém nao trong bang dudi. Cac cot hé sb (Coefficient), sai sé chuan
(Std. Error), thong ké t (t-Statistic), p-value (Prob.) va R? ¢6 cung y nghia & moi phan
mém; chi tén goi va cach sip xép khac nhau.

UFM exams give output in EViews format; for coursework students may use any package in the

table below. The coefficient, standard error, t-statistic, p-value (Prob.) and R? columns mean the
same in every package; only labels and layout differ.

Phian mém Gidy phép Cach dung Thé manh
Software Licence Interface Strength

Thuong mai, c6 ban Chudi thoi gian, bang két qua
EViews sinh vién Menu va cdu lénh  gibng dé thi

Commercial, student Menus and commands =~ Time series, output matches the

edition exam
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Phin mém Gidy phép Cach dung Thé manh

Software Licence Interface Strength

Dit li¢u bang, vi mo, sai s

Stata Thuong mai Cau Iénh, tép do chuin vitng
Commercial Commands, do-files Panel and micro data, robust
errors
Mién phi, ma ngudn o . G6i Imtest, sandwich, do thi
, P £ Cau 1énh, RStudio i :
R mo ) Imtest and sandwich packages,
Commands, RStudio .
Free, open source graphics
x . Két hop xtr 1y dit lidu
Mién phi, ma ngudn R ’ e 1eal
Python 6 P g Cau Iénh, Jupyter (pandas), tai dir liéu qua API
(statsmodels) Code, Jupyter Combines with pandas, API data
Free, open source
downloads

Cau 1énh hoi quy Y theo X (c6 h¢ sb chan), kém kiém dinh White va Breusch—Godfrey
bac 2 & mdi phan mém. Tén bién viét thuong; dit liéu da nap san.

Commands to regress Y on X (with an intercept), plus the White test and the order-2 Breusch—
Godlfrey test, in each package. Variable names are lower case, the data are already loaded.

' EViews

equation eqgl.ls y ¢ x

egl.hettest (type=white)
egl.auto (2)

// Stata

regress y X

estat imtest, white
estat bgodfrey, lags(2)

# R

m <- Im(y ~ x, data = d)

summary (m)

Imtest::bptest(m, ~ x + I(x"2), data = d)
Imtest::bgtest (m, order = 2)

# Python statsmodels

import statsmodels.formula.api as smf

from statsmodels.stats.diagnostic import het white, acorr breusch godfrey

m = smf.ols('y ~ x', data=d) .fit ()

print (m.summary () )

print (het white (m.resid, m.model.exoq))

print (acorr breusch godfrey(m, nlags=2))

Trong EViews, chir ¢ 1a h¢ s6 chan va phai ghi rg; Stata, R, Python tu thém h¢ s6 chan.
Stata yéu cau khai bao bién thoi gian (tsset) truéce khi chay estat bgodfrey. Bang két qua
sach dung (tor Chuong 3) in theo khuoén EViews, so thdp phan gitr dau cham nhu may in.
In EViews, c is the intercept and must be written, Stata, R and Python add it automatically. Stata
needs the time variable declared (tsset) before estat bgodfrey. The output tables in this book

(from Chapter 3) follow the EViews layout, with decimal points as the software prints them.

LOI HAY GAP / COMMON MISTAKE — Quén chit ¢ trong 1énh EViews (Is y x): md
hinh bi ép di qua gdc toa d6, R? va moi hé s6 thay dbi. Loi trong tu trong Python khi ding
sm.OLS(y, x) ma khong thém sm.add constant(x).
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Leaving out c in the EViews command (Is y x): the model is forced through the origin and R? and
every coefficient change. The same slip in Python is sm.OLS(y, x) without sm.add_constant(x).

1.10. Tém tit, so sanh va thuat ngtv — Summary, comparisons and glossary

PHAI THUQC / MEMORISE — M5 hinh kinh té luong Y; = B1 + B2X + u;; u gom bién bo
sot, sai s6 do, yéu td ngdu nhién, sai dang ham. E(aX + b) = aE(X) + b; Var(aX + b) =
a?Var(X); Var(aX + bY) = a?Var(X) + b*Var(Y) + 2abCov(X, Y). Cov = E(XY) — E(X)E(Y);
p = Cov/(6X-6Y). Mau: Sxy = Zxiy/(n — 1); r = Zxiy/V(Ex2Zy:); kiém dinh p = 0: t = r\(n —
2)AN(1 - 1?), df = n — 2. Khoang tin cdy p: X + z'6/\n (o biét), X + t(n — 1)-s/vn (o chua biét);
6% ding y2(n — 1). Kiém dinh: HO chira ddu bang, hai phia tra /2, mét phia tra o; p-value < o
thi bac bo HO; két luan “chwa du co so bac bo HO”, khong viét “chap nhan HO”. T2 ~ F(1, k);
77 ~(1).

Econometric model Y; = Bi + [2X; + w;; u collects omitted variables, measurement error, randomness
and functional-form error. E(aX + b) = aE(X) + b; Var(aX + b) = a*Var(X); Var(aX + bY) =
a?Var(X) + b*Var(Y) + 2abCov(X, Y). Cov = E(XY) — E(X)E(Y); p = Cov/(cX-cY). Sample: Sxy =
xyd/(n — 1); r =Zxp/NEx2Zv2); test of p = 0: t = N — 2N — 1), df =n — 2. Cl for - X +
zoAn (6 known), X + t(n — 1)-s/\Nn (o unknown); for o® use y*(n — 1). Testing: HO holds the equality,
two-sided uses o/2, one-sided uses o, reject HO) when p-value < a,; write ‘‘fail to reject HO”, never
“accept HO”. T? ~ F(1, k); Z* ~ *(1).

Céc cap khai niém dé nham — Easily confused pairs

Khai niém 1 Khai niém 2 Phan biét
Concept 1 Concept 2 Distinction

Tham s6 (, B) thudc tong thé; thong ké (X, B)

Tong thé
Population

Udce lugng (estimator)

Mau
Sample

Gia tri udc lugng

tinh tir mau
Parameters (u, p) belong to the population;

statistics (X, p) come from the sample

Cong thure, 1a bien ngau nhién; con so cu the tur
mot mau

. estimate
Estimator ( . ) A formula and a random variable; a number from
Estimate ' '

one sample

Cov co6 don vi, khong gidi han; p khong don vi,
Hiép phuong sai H¢ s6 twong quan trong [—1; 1]
Covariance Correlation Cov has units and no bounds; p is unit-free, in [—1;

1]

R , Cung bién dong; tac dong co chiéu, can 1y

Tuong quan Nhan qua thu %t e e v
Correlation Causation y ) ) )

Co-movement; directional effect needing theory
Khong chéch Ving Pung trung binh véi moi n; tién vé 0 khi n 16n
Unbiased Consistent Right on average for every n; tends to 0 for large n

Sai 1am loai I
Type I error

Sai lam loai II
Type II error

Béc bo HO dung (a); khong bac bo HO sai ()
Rejecting a true HO (o), not rejecting a false HO ()
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Khai niém 1

Khai ni¢m 2
Concept 2

Phan biét

Concept 1 Distinction

Kiém dinh hai phia
Two-sided test

Kiém dinh mét phia
One-sided test

Tra o/2, H1: #; tra o, H1: > hodc <
Use o/2, HI: #; use o, HI: > or <

Dung o cua tong the; dung s cua mau, bac tu

z (o da biét) t (o chua biét)

don—1
z (o known) t (o unknown) .

Uses population o, uses sample s, n — I df
Murc y nghia a Chon trudc khi kiém dinh; tinh tir mau

p-value

Significance level o Chosen before testing; computed from the sample

Thuat ngir Viét — Anh — Vietnamese—English glossary

Tiéng Anh

English

Giai thich ngin
Short definition

Thuéat ngir

Term (Vietnamese)

Do luong quan hé kinh té bang s lidu

Kinh té luon, Econometrics
e Measuring economic relationships with data
., . Bién duogc giai thich, Y
Bién phu thudc Dependent variable j ’
pht j p The explained variable, Y
2 e . Bién giai thich, X
Bién doc lap Explanatory variable £

The regressor, X

Phan Y khong giai thich dugc boi X, u

Disturbance (error term
( ) Part of Y not explained by X, u

Sai s6 ngau nhién
Nhiéu don vi, m6t thoi diém

Cross-sectional data .
Many units, one date

Dir liéu chéo
Mot don vi, nhiéu thoi ky

Time-series data . :
One unit, many periods

Chudi thoi gian
Cuing don vi theo déi nhiéu ky

Panel data . .
Same units over several periods

Dir liéu bang

Gi4 tri phy thudc két qua phép thir

Bién ngau nhién
Ky vong
Phuong sai
Hiép phuong sai

Heé s6 twong quan

Random variable

Expected value

Variance

Covariance

Correlation coefficient

Value depends on chance

Trung binh theo xac suit
Probability-weighted mean

Trung binh binh phuong d¢ 1éch
Mean squared deviation

Mirc cung bién dong cuia hai bién
Joint variability of two variables

Hiép phuong sai chudn hoa, trong [-1; 1]
Standardised covariance in [—1; 1]
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Thuéat ngir Tiéng Anh Giai thich ngin

Term (Vietnamese) English Short definition

Tuong quan khong c6 co s¢ nhan qua

Tuong quan gia Spurious correlation
g4 g p Correlation without a causal basis
. ekt a iy . Trung binh cua Y khi biét X
Ky vong co dicu kién Conditional expectation & o
Mean of Y given X
. S thong tin doc 1ap con lai
Bac tu do Degrees of freedom & T AP o ,
Number of independent pieces left
Udc lugng khong chéch  Unbiased estimator E©)=16
, e . . Khéng chéch, phuong sai nho nhét
Udce lugng hiéu qua Efficient estimator . g ehe _ .p g.
Unbiased, minimum variance
. N . . Hoi tu vé 0 khi n tin
Udc lugng vitng Consistent estimator T &
Converges to 6 as n grows
Khoang chira tham s6 v6i do tin cay cho
, N . truo
Khodang tin cay Confidence interval rroc )
Interval covering the parameter at a set
confidence
., £ in . HO, chira d4u ban
Gia thuyet khong Null hypothesis , & _
HO, contains the equality
. e : . HI, diéu can chimg minh
a thuyét do Alt tive hypoth ’
Gia thuyét doi crhative hypothesis HI, the claim to be shown
. - . Xéc suét sai 1am loai I, a
Mtic y nghia Significance level o :
Probability of a Type I error, a
. .. Ranh gidi mién bac bo
Gia tri toi han Critical value &

Boundary of the rejection region

Xac suat két qua cuc doan nhur quan sat
Gia trip p-value khi HO dling

Probability of a result as extreme, given HO

1.11. Bai tap van dung c6 1oi gidi — Applied exercises with solutions

Bai 1. Hi¢p phuong sai, hé s6 twong quan va kiém dinh y nghia ciia r — Exercise 1.
Covariance, correlation and testing the significance of r

Chudi nha thudc Thién Tam c6 8 cira hang. Dir kién dé bai: X 1a s6 nhan vién ding quay,
Y la doanh thu binh quan (triéu déng/ngéy). X=2;3;4;5,5;6;7;8.Y =20; 26; 27; 30;
35; 33, 40, 45. (a) Tinh X, Y, ZXiyi, EXiz, Eyiz (Xi =X — X, yi = Yi— Y) (b) Tinh hlép
phuong sai mau, do 1éch chuan mau ctia X va Y. (c) Tinh hé s6 twong quan r va nhan xét.
(d) V&i mue ¥ nghia 5%, kiém dinh gia thuyét hé sé twong quan tong thé bang 0. (e) C6
thé két luan ting thém nhén vién lam ting doanh thu khong?
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The Thién Tam pharmacy chain has 8 shops. Given data: X is the number of counter staff, Y is
average revenue (VND million per day). X = 2; 3; 4, 5, 5; 6, 7; 8. Y = 20; 26, 27; 30; 35; 33,
40; 45. (a) Compute X, Y, Xxy, 2x2 2y (i = X; — X, yi = Yi — Y). (b) Compute the sample
covariance and the sample standard deviations of X and Y. (c) Compute the correlation
coefficient v and comment. (d) At the 5% significance level, test whether the population
correlation is zero. (e) Can we conclude that adding staff raises revenue?

1. X =40/8 =5; Y =256/8 =32. D0 léch x; = —3; —2; —1; 0; 0; 1; 2; 3; yi = —12; —6; —5;
—2;3;1;8;13.

X=40/8 =5; Y =256/8 = 32. Deviations x; = =3, =2; =1; 0; 0; 1; 2; 3; yi = —12; =6, —5;
-2;3;1;8;13.

2. Ixiyi = 109; Ix? = 28; Ty = 452. Kiém: x; = 0 va Zy; = 0.
2xyi = 109; Xxi? = 28; 2y? = 452. Check: 2x; = 0 and Xy; = 0.

3. Sxy = Zxiyi/(n — 1) = 109/7 = 15,5714; Sx = (28/7) = 2,0000 ngudi; Sy = \(452/7) =
8,0356 triéu ddng. Hiép phuong sai dwong: cira hang dong nhan vién hon muc trung
binh thuong cé doanh thu trén murc trung binh.

Sxy = Zxy/(n — 1) = 109/7 = 15.5714; Sx = N(28/7) = 2.0000 staff; Sy = (452/7) = VND
8.0356 million. The covariance is positive: shops with above-average staff tend to have
above-average revenue.

4. r = Ixiyi/N(Ex2-Zy?) = 10928 x 452) = 0,9689. Kiém bang cach khac: r =
Sxy/(Sx-Sy) = 15,5714/(2,0000 x 8,0356) = 0,9689. Quan hé myén tinh cung chiéu,
chat.

r = Xxy/NEx2Zy2) = 109N(28 x 452) = 0.9689. Check another way: r = Sxy/(Sx-Sy) =
15.5714/(2.0000 % 8.0356) = 0.9689. A strong positive linear relationship.

5.HO: p=0; Hl: p#0. t=rV(n — 2)/N(1 — 12) = 0,9689 x V6/N(1 — 0,9388) = 9,591. Tra
bang to,e2s® = 2,447. [t| = 9,591 > 2,447 nén bac bé HO: hé sb tuong quan téng thé
khéac 0 & mirc 5% (p-value = 0,0001).

HO:p=0;HI: p#0.t=mr(n— 2N —r?) =0.9689 x N6~(I — 0.9388) = 9.591. From
the table to.o2s% = 2.447. |t| = 9.591 > 2.447, so reject HO: the population correlation differs
from zero at 5% (p-value = 0.0001).

6. Khong két luan dugc quan hé nhan qua. Cira hang & vi tri dong khach vira c6 doanh
thu cao vira dugc bd tri nhiéu nhan vién (nhan qua nguoc, bién bi bo sot: vi tri, dién
tich). Muén do tac dong ctia nhan vién phai dua thém cac bién d6 vao mo hinh hdi
quy boi (Chuong 4).

No causal conclusion can be drawn. Shops in busy locations both earn more and are given
more staff (reverse causality and omitted variables: location, floor area). Measuring the
effect of staff requires adding those variables to a multiple regression (Chapter 4).

Bai 2. Phan phdi dong thoi, hiép phwong sai va ky vong cé diéu Kién — Exercise 2.
Joint distribution, covariance and conditional expectation

Mot chudi cira hang my pham theo doi khach hang thanh vién. X 14 s6 1an khich quay lai
trong thang (0, 1, 2); Y = 1 néu khach mua kém san pham chiam soc da, Y = 0 néu khong.
Dir kién d& bai, xac suat dong thoi: P(X =0, Y = 0) = 0,25; P(1, 0) = 0,15; P(2, 0) = 0,10;
P(0, 1) =0,05; P(1, 1) = 0,20; P(2, 1) = 0,25. (a) Tim phan phbi bién cua X va Y. (b) Tinh
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E(X), E(Y), Var(X), Var(Y). (c) Tinh Cov(X, Y) va p. (d) X va Y c6 doc 1ap khong? (e)
Tinh E(Y | X =x) v6ix =0, 1, 2 va néu y nghia.

A cosmetics chain tracks its member customers. X is the number of return visits in a month (0, 1,
2); Y = 1 if the customer also buys a skincare product, Y = 0 otherwise. Given joint
probabilities: P(X =0, Y = 0) = 0.25; P(1, 0) = 0.15; P(2, 0) = 0.10; P(0, 1) = 0.05; P(1, 1) =
0.20; P2, 1) = 0.25. (a) Find the marginal distributions of X and Y. (b) Compute E(X), E(Y),
Var(X), Var(Y). (c) Compute Cov(X, Y) and p. (d) Are X and Y independent? (e) Compute E(Y | X
=x) for x = 0, 1, 2 and interpret.

1. Cong theo cot: P(X=0)=0,30; P(X=1)=0,35; P(X=2) = 0,35. Cong theo dong:
P(Y =0) =0,50; P(Y = 1) = 0,50. Téng mdi phan phdi bang 1.
Sum down the columns: P(X = 0) = 0.30; P(X = 1) = 0.35; P(X = 2) = 0.35. Sum across the
rows: P(Y=10) = 0.50, P(Y = 1) = 0.50. Each distribution sums to 1.

2.EX)=0x0,30+1x0,35+2x0,35=1,05; E(X*)=1,75; Var(X) = 1,75 — 1,05* =
0,6475. E(Y) =0,50; Var(Y) =0,50 — 0,50> = 0,25.
EX)=0x030+1x035+2x0.35=1.05;E(X?) =175 Var(X) =175 — 1.05* =
0.6475. E(Y) = 0.50; Var(Y) = 0.50 — 0.50° = 0.25.

3. E(XY) chi gém cacoY=1:1x0,20+2x0,25=0,70. Cov(X, Y)=E(XY) —
E(X)E(Y)=0,70 — 1,05 x 0,50 = 0,1750. p = 0,1750/\/(0,6475 % 0,25) = 0,4350.
E(XY) involves only the Y = 1 cells: 1 x 0.20 + 2 x 0.25 = 0.70. Cov(X, Y) = E(XY) —
EX)E(Y) =0.70 — 1.05 x 0.50 = 0.1750. p = 0.1750~(0.6475 % 0.25) = 0.4350.

4. Poc lap doi hoi P(X =x, Y =y) =P(X =x)-P(Y = y) véi MOI 6. O (0, 0): 0,25 # 0,30
x 0,50 = 0,15. Vay X, Y khong doc lap (Cov # 0 ciling du dé két luan).
Independence requires P(X =x, Y =y) = P(X = x)-P(Y = y) for EVERY cell. Cell (0, 0): 0.25
#0.30 x 0.50 = 0.15. So X and Y are not independent (Cov # 0 is enough to conclude).

5.E(Y | X=x)=P(Y =1, X=x)/P(X=x): x=0:0,05/0,30=0,1667; x = 1: 0,20/0,35 =
0,5714; x = 2: 0,25/0,35 = 0,7143. Khach quay lai cang nhiéu thi x4c sudt mua kém
cang cao. Dy gié tri E(Y | X) theo X chinh 12 ham héi quy tong thé ctia Churong 2.
EY|X=x)=P(Y=1,X=x)/P(X=x):x=0:0.050.30 =0.1667; x = 1: 0.20/0.35 =
0.5714; x = 2: 0.25/0.35 = 0.7143. The more often a customer returns, the higher the
probability of an add-on purchase. The values of E(Y | X) as a function of X are the
population regression function of Chapter 2.

Bai 3. Khoing tin ciy va kiém dinh vé trung binh, phwong sai — Exercise 3.
Confidence intervals and tests for a mean and a variance

Ngan hang TMCP Péng Hai cam két duyét hd so vay tiéu dung trong 5 ngay lam viéc.
Kiém tra ngau nhién 25 ho so: thoi gian duyét trung binh X = 5,6 ngay, do léch chuan
mau s = 1,5 ngay (dit kién dé bai, gia sir thoi gian duyét co phan phdi chuan). (a) Udc
luong khoang tin cay 95% cho thoi gian duyét trung binh p. (b) Véi a = 5%, kiém dinh
HO: =5 véi H1: p# 5. (c) Véi a = 5%, c6 thé két luan ngan hang duyét cham hon cam
két khong? (d) Tinh p-value cta hai kiém dinh. (e) Udc lugng khoang tin cdy 95% cho
phuong sai ¢°.

Dong Hai Commercial Bank promises to approve consumer-loan files within 5 working days. A
random check of 25 files gives a mean approval time X = 5.6 days and a sample standard

Tai liéu nay dugc bién soan boi doi ngii ciia website: https://globalmarket.vin
Trang 33



Dé cuong on tap Kinh té luong / Econometrics

deviation s = 1.5 days (given data; approval time is assumed normal). (a) Construct a 95%
confidence interval for the mean time u. (b) At o = 5%, test HO: u = 5 against HI: u# 5. (c) At o.
= 5%, can we conclude that the bank is slower than promised? (d) Find the p-values of both
tests. (e) Construct a 95% confidence interval for the variance c°.

1. o chua biét, n = 25: dung phan phéi t véin — 1 =24 bac tu do. se(X) = s/Nn = 1,525
=0,30. Tra to,025®% = 2,064.
o is unknown, n = 25: use the t distribution with n — 1 = 24 degrees of freedom. se(X) = s/\n
= 1.5N25 = 0.30. Table value to.o25* = 2.064.

2. Khoang tin cdy 95%: 5,6 £2,064 x 0,30 = 5,6 + 0,6192, tirc (4,9808; 6,2192) ngay.
95% confidence interval: 5.6 £ 2.064 % 0.30 = 5.6 £0.6192, i.e. (4.9808; 6.2192) days.

3. (b) t= (X — wo)/se = (5,6 — 5)/0,30 = 2,000. Hai phia: |t = 2,000 < 2,064 nén chwa du
co s& bac bé HO. Khép véi (a): 5 ndm trong khoang tin cay.
(b) t = (X — po)/se = (5.6 — 5)/0.30 = 2.000. Two-sided: |t| = 2.000 < 2.064, so we fail to
reject HO. Consistent with (a): 5 lies inside the interval.

4. (c) HO: n < 5; H1: p> 5 (diéu can chimg minh dit & H1). Tra to,es® = 1,711. t = 2,000
> 1,711 nén bac bé HO: & mirc 5%, ngan hang duyét cham hon cam két.
(c) HO: w <5; Hl: > 5 (the claim to be shown goes in HI). Table value to.os*¥ = 1.711. t =
2.000 > 1.711, so reject HO: at 5%, the bank is slower than promised.

5. (d) p-value mot phia = P(T > 2,000) = 0,0285 < 0,05; p-value hai phia =2 x 0,0285 =
0,0569 > 0,05. Cling mdt mau, kiém dinh mot phia bac bd con hai phia thi khong:
phai chon H1 theo cdu héi TRUGC khi nhin s6 liéu.

(d) One-sided p-value = P(T > 2.000) = 0.0285 < 0.05, two-sided p-value = 2 x (0.0285 =
0.0569 > 0.05. With the same sample the one-sided test rejects and the two-sided test does
not: HI must be chosen from the question BEFORE looking at the data.

6.(e) (n—1)s? =24 x 2,25 = 54. Tra y%,025(24) = 39,364; y?0,075(24) = 12,401. Khoang
tin cay 95% cho o?: (54/39,364; 54/12,401) = (1,3718; 4,3545) ngay?. Khoang khong
dbi xtng quanh s? = 2,25 vi phan phdi 2 1éch phai.

(e) (n — 1)s? =24 x 2.25 = 54. Table values y%.025(24) = 39.364, y%.975(24) = 12.401. 95%
confidence interval for 6?: (54/39.364; 54/12.401) = (1.3718; 4.3545) days?. The interval is
not symmetric about s? = 2.25 because the y? distribution is right-skewed.

1.12. Cau hoi ty luan va dan y tra loi — Essay questions and answer outlines

Céiu 1. Trinh bay cic buéc ciia mot nghién ciru kinh té lrong. Minh hoa bang ciu
héi: gia ban c6 anh hwéong t6i lwong bén sira chua udng ciia mot doanh nghiép
khong?
Question 1. Describe the steps of an econometric study. Illustrate with the question: does the
selling price affect a firm’s sales of drinking yoghurt?
« Néu gia thuyét tir Iy thuyét kinh té: theo luat cau, gia ting thi lugng mua giam, cac yéu
t6 khac khong doi.
State the hypothesis from economic theory: by the law of demand, quantity bought falls when
price rises, other things equal.
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« Lap m6 hinh todn Y = 1 + =X, r6i md hinh kinh té luong Y = p1 + =X + u; ky vong
dau B2 < 0; u gom cac yéu t6 khéng dwa vao mé hinh.
Write the mathematical model Y = fi + B:X, then the econometric model Y = 1 + X + u;
expected sign B2 < 0, u collects the factors left out.

« Thu thap dit liéu: gia va luong ban theo thang (chudi thoi gian) hodc theo cira hang
(d@r li¢u chéo); ghi don vi do, nguén.
Collect data: price and sales by month (time series) or by shop (cross-section); record units
and sources.

« Ué6c luong bang OLS dugc By, Bz; kiém dinh HO: B2 =0 véi H1: B2 < 0; kiém tra cac
gia thiét ciia mo hinh (phuong sai sai s6 thay d6i, tu tuong quan, dang ham).
Estimate by OLS to get p1, 52, test HO: p> = 0 against H1: : < 0, check the model
assumptions (heteroscedasticity, autocorrelation, functional form).

« Dy bao luong ban & mic gia dy kién; dé xuét chinh sach gia. Néu mo hinh khong dat
& budc kiém dinh, quay lai budc 1ap moé hinh (thém bién, d6i dang ham).
Forecast sales at a planned price; recommend a pricing policy. If the model fails the checks,
return to the specification step (add variables, change the functional form).

« Két qua tham khao trén bd A (Chuong 2): B2 =—2,1127, tirc gia ting 1 nghin dong/16¢
thi lwong ban giam khoang 2,11 nghin 16¢/thang.
Reference result on data set A (Chapter 2): > = —2.1127, i.e. a price rise of VND I thousand
per pack lowers sales by about 2.11 thousand packs a month.

Ciu 2. Phan bi¢t twong quan va nhin qua. Néu cic nguyén nhan khién hai bién c6
twong quan manh ma khong c6 quan hé nhin qua, va cach kinh té lwong xir Iy tirng
truwong hop.

Question 2. Distinguish correlation from causation. Give the reasons two variables can be
strongly correlated without a causal link, and how econometrics deals with each case.

« Twong quan do muc d cung bién dong tuyén tinh giita hai bién, ddi ximg (r(X, Y) =
(Y, X)); nhan qua 13 thay d6i X 1am Y thay d6i, c6 chiéu.
Correlation measures how far two variables move together linearly and is symmetric (r(X, Y)
=r(Y, X)), causation means changing X changes Y, and has a direction.

« Bién thir ba (bién bi bo s6t) tac dong 1én ca X va Y. Xt Iy: dua bién d6 vao hdi quy
bdi; néu bo sot s& ¢ thién 1éch do bo sot bién (Chuong 9).
A third (omitted) variable drives both X and Y. Remedy: include it in a multiple regression;
leaving it out causes omitted variable bias (Chapter 9).

* Nhan qua nguoc: Y tac dong lai X (doanh nghi¢p dat ngan sach quang cao theo ti ¢
doanh thu). Xt 1y: ding bién tré, bién cong cu, thiét ké thuc nghiém.
Reverse causality: Y affects X (firms set advertising budgets as a share of sales). Remedy:
lags, instrumental variables, experimental designs.

« Hai chudi thoi gian cung c6 xu thé (tuong quan gia). Xir 1y: 14y sai phéan, dua bién xu
thé, kiém tra tinh dimg.
Two trending time series (spurious correlation). Remedy: take differences, add a trend
variable, test for stationarity.
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« Ngiu nhién do mau nho. Xt 1y: kiém dinh y nghia cta r hoic cia hé sb hdi quy, ting
cd mau.
Chance in a small sample. Remedy: test the significance of r or of the regression coefficient,
enlarge the sample.

Céu 3. Thé nao 13 sai 1am loai I, sai 1dm loai II, mirc y nghia va p-value? Vi sao khi
khéong bac bé HO phai két luin “chwa di co sé bac bé HO” ma khong viét “chip
nhan H0”?
Question 3. What are a Type I error, a Type Il error, the significance level and the p-value? Why
must a non-rejection be stated as “we fail to reject H0” rather than “we accept H)”?
« Sai 1am loai I: bac bé HO khi HO dung; x4c suat clia né 1a muc y nghia o, do ngudi
kiém dinh chon (1%, 5%, 10%).
Type I error: rejecting HO when it is true, its probability is the significance level o, chosen by
the tester (1%, 5%, 10%).
« Sai 1am loai II: khong bac bo HO khi HO sai; xac suat B; 1 — B 1a luc kiém dinh. Vi c&
mau cb dinh, giam a thi  ting.
Type Il error: failing to reject HO) when it is false; probability p; 1 — p is the power. For a
fixed sample size, lowering o raises p.
« p-value: x4c suat (khi HO dung) thu duoc gia tri thong ké kiém dinh it nhét 13 cuc doan
nhu gia tri quan sat. Quy tic: p-value < a thi bac bo HO.
p-value: the probability, if HO is true, of a test statistic at least as extreme as the one
observed. Rule: reject HO) when p-value < o.

« Khong bac bo HO chi c6 nghia dit liéu chua du bang chimg chéng HO; xac sudt mac sai
1am loai II B thuong khong biét va co thé 16n, nén khong khang dinh HO diing.
Not rejecting HO only means the data lack evidence against it; the Type II error probability
is usually unknown and may be large, so HO cannot be declared true.

« Vi dy: bai 3, kiém dinh hai phia c6 p-value = 0,0569 > 0,05 nhung khoang tin ciy
(4,98; 6,22) chtra ca 5 1an 6: dit liéu khong phan biét dugc hai gia tri d6.
Example: in exercise 3 the two-sided test has p-value = 0.0569 > 0.05, yet the confidence
interval (4.98; 6.22) contains both 5 and 6: the data cannot tell them apart.

1.13. Cau héi tric nghiém — Multiple-choice questions

1. Doanh thu thang 9/2026 cua 36 cira hang ca phé thudc cung mot chudi 1a loai dir lidu
nao?
September 2026 revenue of 36 coffee shops in one chain is which type of data?
A. Dit lidu chudi thoi gian / Time-series data
B. Dir liéu chéo / Cross-sectional data
C. Dt li€u bang / Panel data
D. Dt liéu dinh danh / Nominal data
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2. Bién ngau nhién X c¢6 E(X) = 5, Var(X) = 4. Var(3X — 2) bang bao nhiéu?
A random variable X has E(X) = 5 and Var(X) = 4. What is Var(3X — 2)?
A. 10
B. 12
C.34
D. 36

3. Cov(X, Y) = -6, Var(X) = 9, Var(Y) = 16. Hé s6 tuong quan p bang:
Cov(X, Y) = -6, Var(X) = 9, Var(Y) = 16. The correlation coefficient p is:
A.—0,5/ —0.5
B.—0,0417 / —0.0417
C.05/05
D. -2
4. Kiém dinh t hai phia, mutc y nghia 5%, bac tu do 10. Gia tri t6i han bang:
A two-sided t-test at the 5% level with 10 degrees of freedom. The critical value is:
A. 1,812 / 1.812
B.1,96 / 1.96
C.2,228 / 2.228
D. 2,764 / 2.764

5. Sai 1am loai I 1a:
A Type I error is:
A. Khong bac bo HO khi HO sai / Failing to reject HO when HO is false
B. Bac bo H1 khi H1 dtng / Rejecting HI when HI is true
C. Bac bo HO khi HO dung / Rejecting HO when HO is true
D. Khong bac bé HO khi HO dang / Failing to reject HO when HO is true

6. Kiém dinh HO: B2 = 0 cho p-value = 0,032. Két luan dtng 1a:
A test of HO: : = 0 gives p-value = 0.032. The correct conclusion is:

A. Bac bé HO ¢ murc 5%, chua du co s¢ bac bo HO & murc 1% / Reject HO at 5% but
not at 1%

B. Chap nhan HO & mirc 5% / Accept HO at 5%
C. Béac bo HO ¢ ca muc 1% va 5% / Reject HO at both 1% and 5%
D. Xac suat HO dung 14 3,2% / The probability that HO is true is 3.2%

7. Néu T c6 phan phéi Student véi k bac tu do thi T2 ¢6 phan phbi:
If T follows Student’s t distribution with k degrees of freedom, then T? follows:
A (k)
B. N(0, 1)
C.F(k, 1)
D. F(1, k)
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8. U6c luong 6 ctia tham s 6 duoc goi 1a vimg néu:
An estimator G of 0 is called consistent if:
A. E(6) =0 véi moi ¢cd mau / E(0) = 0 for every sample size
B. 6'hoi tu theo x4c suat vé 0 khi n ting vo han / & converges in probability to 0 as n
grows without bound

C. 6'co phuong sai nho nhat trong cac wéc luong tuyén tinh / & has the smallest
variance among linear estimators

D. 6'c6 phan phdi chuan | &is normally distributed
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Chuong 2. Hoi quy hai bién: wéc lwong bing phwong phap binh
phll’O' ng nho nhf,lt — Chapter 2. Two-variable regression: estimation by

ordinary least squares

Muc tiéu chwong — Chapter objectives

« Phan biét ham hdi quy tong thé véi ham hoi quy mau, sai sé ngiu nhién vé6i phan du;
nhan biét mo hinh tuyén tinh theo tham sd.
Distinguish the population from the sample regression function and the disturbance from the
residual; recognise models that are linear in parameters.

- Tinh tay i, > bang ca dang d6 léch va dang trung binh, trinh bay bang tinh nhu bai
thi.
Compute 1 and 52 by hand in both the deviation form and the means form, laying out the
worksheet as in an exam.

» Dién giai hé sb theo ding don vi; tinh TSS, ESS, RSS, R?, r va ¢>.
Interpret coefficients in the correct units; compute TSS, ESS, RSS, R? r and o>

« Néu céc gia thiét cia mo hinh héi quy tuyén tinh c6 dién, dinh 1y Gauss—Markov va
tinh sai s0 chuan cua i, .
State the assumptions of the classical linear regression model and the Gauss—Markov
theorem, and compute the standard errors of p1 and f-.

« Dung céc tinh chat cia dudng hoi quy mau dé kiém tra bang tinh va tim 6 bi khuyét.
Use the properties of the sample regression line to check a worksheet and fill missing cells.

PHAI THUQC / MEMORISE — Dir liéu dung trong chwong (b A, dung lai & Chwong
3). Cong ty TNHH Thuc pham May Xanh ban sita chua udng theo 16c 4 chai; X 1a gia ban
(nghin ddng/1¢), Y 1a lugng ban (nghin 16¢/thang), 10 thang 01-10/2025. X: 20; 22; 24; 25;
26; 28; 30; 32; 34; 35. Y: 62; 58; 53; 50; 46; 42; 48; 37; 32; 27. Cac bai tap cudi chuong dung
b6 s6 nho riéng, ghi 13 1a dit kién dé bai.

Data used (set A, reused in Chapter 3). May Xanh Food Co., Ltd sells drinking yoghurt in packs of
four bottles; X is price (VND thousand a pack), Y is sales (thousand packs a month), ten months from
January to October 2025. X: 20, 22, 24, 25, 26, 28, 30, 32, 34, 35. Y: 62, 58, 53, 50, 46, 42, 48, 37,
32, 27. The end-of-chapter exercises use their own small data sets, marked as problem data.

2.1. Ham hoi quy téng thé va ham hoi quy mau — Population and sample

regression functions

Phan tich hdi quy nghién ctu sy phu thudc cua mot bién (bién phu thudc Y, con goi la
bién duoc giai thich) vao mot hay nhiéu bién khac (bién doc 1ap X, bién giai thich), nham
wdc luong va du bao gia tri trung binh cta Y khi biét X. Hoi quy hai bién (hdi quy don)
c6 dung mot bién giai thich. O mdi mirc X c¢6 nhidu gia tri Y khic nhau: cung gia 25
nghin dong/16¢, lugng ban thang nay khac thang khac vi thoi tiét, doi thu, mua vu. Tap
hop céc gia tri Y ing v6i mot mirc X tao thanh phan phdi c6 diéu kién ciia Y; trung binh
ctia phan phdi d6 1a ky vong c6 diéu kién E(Y|X).
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Regression analysis studies how one variable (the dependent variable Y, or explained variable)
depends on one or more other variables (independent or explanatory variables X), in order to
estimate and forecast the mean value of Y given X. Two-variable (simple) regression has exactly
one explanatory variable. Each level of X comes with many values of Y: at the same price of
VND 25 thousand a pack, sales differ from month to month because of weather, rivals and
season. The values of Y at a given X form the conditional distribution of Y, its mean is the
conditional expectation E(Y|X).

Ham hdi quy tong thé (PRF) ni cac ky vong c6 diéu kién d6. Khi gia dinh quan hé tuyén
tinh:
The population regression function (PRF) links those conditional expectations. Assuming a
linear relation:

E(Y|Xi) = B1 + B2Xi (2.1)
B: 12 hé sb chan, P2 1a hé sb goc; ca hai 13 hing sb cua tong thé, chua biét. Mot quan sat
cu thé 1éch khoi trung binh mot khoang U; goi 14 sai s6 ngau nhién (nhiéu):
p1 is the intercept and p: the slope; both are unknown population constants. An individual

observation deviates from the mean by U,, the disturbance (error term):

Yi=P1+ PBXi+ Ui, Ui=Yi— E(Y|Xi) (2.2)

phan phdi cua Y

khi X =X

E(YIX)= 1+ pX

trung binh ¢6 diéu kién
nam trén dudng PRF

T T T

X X2 Xs X

Hinh 2.1. Ham hdi quy téng thé: & mdi mtrc X, Y ¢6 mdt phan phdi; cac trung binh c6 didu kién
nam trén dudng PRF

Figure 2.1. The population regression function: at each level of X, Y has a distribution; the conditional
means lie on the PRF

Sai sd U; gom moi thtr mo hinh khong dua vao: céac bién bi bo qua (gia ddi thu, nhiét do,
chi quang cdo), yéu td khong do duoc (thi hiéu), sai s6 do luong cua Y, dang ham chua
dung han va tinh ngau nhién trong hanh vi con ngudi. M6 hinh ¢6 ¥ giir it bién (nguyén
tac don gian); phﬁn con lai dé cho U,.

The disturbance U; collects everything the model leaves out: omitted variables (rival prices,
temperature, advertising), unmeasurable factors (tastes), measurement error in Y, an imperfect
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functional form and the randomness of human behaviour. The model deliberately keeps few
variables (parsimony), the rest goes into U..

Thuec té chi c6 mdt mau, nén chi wéc lugng dugc PRF. Ham hoi quy mau (SRF) va phﬁn
du:

In practice there is only one sample, so the PRF can only be estimated. The sample regression
function (SRF) and the residual:

Yi=B1+ BXi
Yi=P1+PXi+ei=Yi+e, e=Yi—-Vi
B, B> 13 udc lugng (estimator) cta Bi, P2: cong thie tinh tir mau, nén 1a bién ngau nhién;
con s6 cu thé tinh ra tir mot mau 1a gia tri uéc luong (estimate). Y; 1a gia tri udc luong
(gia tri khdp) cua Yi, dong thoi 1a wdc luong ciia E(Y[Xi). Phan du e; 1a wdc luong cia sai
Sé U..
[ and f> are estimators of i and p:: formulas applied to the sample, hence random variables;

the numbers obtained from one sample are estimates. Y: is the fitted value of Y: and also an
estimate of E(Y|X,). The residual e; estimates the disturbance U..

(2.3)
(2.4)

Ham hdi quy miu (SRF)

Ham hdi quy tong thé (PRF)

Tiéu chi

Criterion Population regression function Sample regression function
Dang &
E(Yle) = B1 + Bin Yi= Hl + ﬁin
Form
Tham s6 B1, P2: hang sd, chua biét Bi, B2 bién ngau nhién, tinh duoc
Parameters P, P2: constants, unknown S, f2: random variables, computable
S6 luong Mot, duy nhét Mdi mau mot dudng
How many One, unique One line per sample
b 1éch cua Y; Sai s6 Us, khong quan sat dugc Phén du e;, tinh dugc

Deviation of Y;

Téng do léch
Sum of deviations
Ky hiéu
Notation

Disturbance U, unobservable

YU trong mau thuong # 0
Sample 2U; usually # 0

Khong c6 diu mii
No hats

Residual e;, computable

Ye; = 0 (khi c6 hé sb chin)
2e: = 0 (with an intercept)

Co6 ddumii trén pva 'Y
Hats on p and Y

LOI HAY GAP / COMMON MISTAKE — Viét “Y; = B + f2X;” (thiéu e;) hodc “Yi=pi +
B>X; + e (thira e;). Hai cach viét dung: Yi= i + B>Xi, hodc Yi = Bi + B2Xi + ei. Giam khao trir
diém ky hiéu ngay & cau a.
Writing “Y; = i + foX;” (missing e) or “Y; = i + foX; + e.” (extra e;). The two correct forms are Y; =
b1+ p2X, or Y; = 1 + B2X; + ei. Examiners deduct for notation as early as part a.

2.2. Y nghia cua tir “tuyeén tinh” — What “linear” means

Trong kinh té lwong, “mé hinh hdi quy tuyén tinh” 13 tuyén tinh theo tham sé: mdi tham
sO B xuét hién véi liy thira bac nhat, khéng nhan hay chia cho tham s6 khac, khéng nim
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trong ham mil, logarit. Bién X, Y thi c6 thé binh phwong, nghich dao, 14y logarit. Pat
bién méi (Z = X2 Z = 1/X, W = InY) 14 dua vé dang (2.2) va ding duoc OLS.

In econometrics a “linear regression model” is linear in the parameters: each [ appears to the
first power, is not multiplied or divided by another parameter and does not sit inside an

exponential or logarithm. The variables X and Y may be squared, inverted or logged. Defining
new variables (Z = X?, Z = 1/X, W = InY) brings the model to form (2.2), and OLS applies.

Tuyén tinh theo Tuyén tinh theo tham

Mo hinh Dung OLS dworc?

K o Ao
Model b¥en' . . S(?' . , OLS usable?
Linear in variables? | Linear in parameters?
Co Co Co
Yi = + Xi + i
Pt B u Yes Yes Yes
Khong Co Co,dat 7 =X2
i = P+ X+ Ui o
Yi=pu+ pXE+U No Yes Yes, set Z = X?
Khong Co Co,dat Z=1/X
i=pr+ i)t Ui ’
Yi= o+ pal1X) +U No Yes Yes, set Z = 1/X
InY; = 1 + BalnX; + U; Khopg (theo X, Y) Co Co, b1.en InY, InX
No (in X, Y) Yes Yes, with InY, InX
Vi = BuXi e U Khong Sau khi .lay In: ¢ Co, sau khi lqg hoa
No After taking logs.: yes Yes, after logging
Co Khong Khong tryuc tiép
i =P+ B2Xi + Ui ’
Yi=p+ pAXi+U Yes No Not directly
Co Khong Khoéng tryc tiép
Yi=f:+ X; + U; :
B (/) v Yes No Not directly

Céac dang log—log, log—lin, lin—log, nghich dao va cach dién giai hé sé cia chung duoc
trinh bay & Chuong 3. Muc ndy chi can nhan ra mé hinh nio uéc lugng duogc bang OLS.
The log—log, log—lin, lin—log and reciprocal forms and how to read their coefficients come in
Chapter 3. Here it is enough to recognise which models OLS can estimate.

LOI HAY GAP / COMMON MISTAKE — Cho rang Y = p: + X2 “khdng tuyén tinh nén
khong dung OLS”. M6 hinh d6 phi tuyén theo bién nhung tuyén tinh theo tham sb, van 1a mo
hinh hdi quy tuyén tinh.

Claiming Y = p1 + [2X? is “non-linear so OLS cannot be used”. The model is non-linear in the
variable but linear in the parameters, so it is still a linear regression model.

2.3. Phwong phap binh phwong nhé nhit (OLS) — The ordinary least squares
(OLS) method

Qua dam diém (X, Yi) c6 thé ké vo sd duong thang. OLS chon duong c6 tong binh
phuong phan du nho nht:

Infinitely many lines can be drawn through the scatter of (Xi, Y;). OLS picks the line with the
smallest sum of squared residuals:
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min RSS = Xei2 = 2(Yi — B1 — P2Xi)? (2.5)

Khéng dung Ze; vi phan du duong bu phan du 4m: moi dudng di qua (X, Y) déu ¢ Zei =
0. Binh phuong Iam moi d6 1éch thanh sb duong va phat nang d¢ léch lon. Léy dao ham
riéng ctia RSS theo fi, B> va cho bang 0 dugc hé phuong trinh chuan:

Xe, is not used because positive residuals cancel negative ones: every line through (X, Y) has Xe;

= 0. Squaring makes every deviation positive and penalises large ones heavily. Setting the
partial derivatives of RSS with respect to 1 and > to zero gives the normal equations:

ORSS/0B1=—2Zei=0 = XYi=np1+ f2ZXi (2.6)
ORSS/0f2=—2ZeiXi=0 = IXiYi= P1ZXi + f22ZX2  (2.7)
Giai hé (2.6)~(2.7). Dat do léch so véi trung binh x; = X; — X, yi = Y; — Y (chit thuong 1a
do léch):
Solve (2.6)—(2.7). With deviations from the mean x; = X; — X and y; = Y; — Y (lower case means
deviation):
B2 = Ixiyi / Ixi? (2.8)
B1=Y - BX (2.9)
Pap an dé thi thuong dung dang tinh tir tong thd va trung binh (khong phai 1ap cot do
léch). Hai dang cho cung két qua vi Zx;yi = ZX;Y; — nXY va Ix? = X2 — nX2:

Model answers often use the form based on raw sums and means (no deviation columns). Both
forms give the same result because Xxy; = XX;Y; — nXY and Xx;? = XX — nX*:

B2 = (EXiYi — n-X-Y) / (EX2 — n-X?) (2.10)
B2 = (mean(XY) — X-Y) / (mean(X2) — X2) = Cov(X,Y) / Sx*  (2.11)

Trong (2.11), mean(XY) = ZX;Yi/n, mean(X?) = ZX/n; ttr sd 14 hiép phuong sai mau,
mau s 1a phuong sai mau khong hiéu chinh cta X (chia n). Hai s6 cung chia n nén
thuong khong d6i; néu dung S% hiéu chinh (chia n — 1) thi hiép phuong sai ciing phai
chian—1.

In (2.11), mean(XY) = 2X;Y/n and mean(X?) = XX;’/n; the numerator is the sample covariance
and the denominator the uncorrected sample variance of X (divided by n). Both are divided by n,

so the ratio is unchanged, if the corrected variance (divided by n — 1) is used, the covariance
must also be divided by n — 1.

Tai liéu nay dugc bién soan boi doi ngii ciia website: https://globalmarket.vin
Trang 43



Dé cuong on tap Kinh té luong / Econometrics

500

400 A

cuc tiéu: b2 = -2,1127
RSS = 83,146

300

b2=-1,2
RSS =276,8

b2=-3,0
RSS =266,1

200 A

Téng binh phwong phan du

100 A

-3,5 3,0 2.5 2,0 -1,5 -1,0
Hé sb goc thir bz

Hinh 2.2. Bo A: téng binh phuong phan du theo hé sé goc thir bz (b: = Y — b2X); cuc tiéu tai B2
cua OLS

Figure 2.2. Set A: the residual sum of squares against a trial slope bz (b1 = Y — b2X); the minimum is at
the OLS p:

Véibi =Y — b2X, RSS 1a parabol theo b2: RSS(b2) = Xy — 2b.Zxiy; + b222x%. B A: thi
b2 = —3,0 dugc RSS = 266,1; thu b2 = —1,2 dugc 276,8; dinh parabol ¢ b2 = Zxjyi/Zxi? =
—2,1127 v6i RSS = 83,146, khong dudng thang nao c6 RSS nho hon.

With by = Y — b2X, RSS is a parabola in b2: RSS(bz) = Xy — 2b:2x;y; + b22Xx% For set A, b> =
—3.0 gives RSS = 266.1; b: = —1.2 gives 276.8; the vertex is at b: = Xxy/2x? = —2.1127 with
RSS = 83.146, and no straight line has a smaller RSS.

2.4. Bai tinh tay di\ly dua trén b0 A — A full hand calculation on set A

VI DU/ EXAMPLE — Ubc luong ham hdi quy mau cua luong ban Y theo gia X cho Cong
ty May Xanh (10 thang). Lap bang tinh, tim B, B2, cac gia tri Yi, phan du e; va RSS.

Estimate the sample regression function of sales Y on price X for May Xanh (ten months). Build the
worksheet and find [, B, the fitted values Y, the residuals e; and RSS.

-7,6 16,5 12540 57,76 272,25 61,557 0,443 0,196

62 -7.6 16.5 —125.40 57.76 272.25 61.557 0.443 0.196

. 58 —5,6 12,5 —70,00 31,36 156,25 57,331 0,669 0,447
-5.6 12.5 —70.00  31.36 156.25 57.331 0.669 0.447

3 4 53 -3,6 7,5 -27,00 12,96 56,25 53,106 —0,106 0,011
-3.6 7.5 —27.00 12.96 56.25 53.106 —0.106  0.011

4 25 50 —2,6 4,5 -11,70 6,76 20,25 50,993  —0,993 0,986
-2.6 4.5 —11.70 6.76 20.25 50.993 —-0.993  0.986

5 26 46 —-1,6 0,5 —-0,80 2,56 0,25 48,880  —2,880 8,297
-1.6 0.5 —0.80 2.56 0.25 48.880 —-2.880 @ 8297

Tai liéu nay dugc bién soan boi ddi ngii ctia website: https://globalmarket.vin
Trang 44



Dé cuong on tap Kinh té luong / Econometrics

10

>

-3,5 —1,40 0,16 12,25 44,655  —2,655 7,049

04 -3.5 —1.40 0.16 12.25 44.655 —2.655  7.049
30 43 2,4 2,5 6,00 5,76 6,25 40,429 7,571 57,313
2.4 2.5 6.00 5.76 6.25 40.429 7.571 57.313
37 37 4,4 -8,5 37,40 19,36 7225 36,204 0,796 0,634
4.4 -85 —37.40 19.36 72.25 36.204 0.796 0.634
34 3 6,4 —-13,5 -86,40 4096 182,25 31,978 0,022 0,000
6.4 —13.5 —86.40  40.96 182.25 31.978 0.022 0.000
35 27 7,4 —-18,5 —136,90 54,776 342,25 29,866 2,866 8,213
7.4 —185 —136.90 54.76 342.25 29.866 —-2.866 8213
-491,0 2324  1.120,5 0,000 83,146
276 1455 |0 0 —491.0 2324 1,120.5 453 0.000 83.146

Tong cua cdt Yi, e, e tinh tir s6 chua lam tron; cong cac so da lam tron 3 chir s6 c6 thé
1€ch & chit so cudi. Cot xi, yi ¢ tong bang 0 ding: day 1a phép kiém tra dau tién ctia bang
tinh.

The

totals of the Y, e; and e columns come from unrounded values; adding the figures rounded
to three decimals may differ in the last digit. The x; and y; columns sum to exactly zero: the first

check of the worksheet.

1.

Trung binh: X = ZXi/n = 276/10 = 27,6 nghin dong/16¢c; Y = XY/n = 455/10 = 45,5
nghin 16¢/thang.

Means: X = XX/n = 276/10 = 27.6 (VND thousand a pack); ¥ = XY/n = 455/10 = 45.5
(thousand packs a month,).

. Lap c6t do lech va cong: Sxiy; = —491; Ix2 = 232,4; Sy = 1.120,5.

Build the deviation columns and add: Xxy; = —491; 2x? = 232.4; 2y? = 1,120.5.

. Theo (2.8): B> = —491/232,4 = —2,1127. Theo (2.9): P = 45,5 — (=2,1127) x 27,6 =

103,8115.
By (2.8): B> = —491/232.4 = =2.1127. By (2.9): B = 45.5 — (~2.1127) x 27.6 = 103.8115.

. Kiém lai bang (2.10): ZX;Y; = 12.067, X2 = 7.850; B> = (12.067 — 10 x 27,6 X

45,5)/(7.850 — 10 x 27,6%) = —491,0/232,4 = —2,1127. Theo (2.11): mean(XY) =
1.206,7, mean(X?) = 785; (1.206,7 — 1.255.8)/(785 — 761,76) = —49,10/23,24 =
-2,1127.

Check with (2.10): EX.Y; = 12,067, £X7 = 7,850; > = (12,067 — 10 x 27.6 x 45.5)/(7,850 —
10 x 27.6%) = —491.0/232.4 = —2.1127. By (2.11): mean(XY) = 1,206.7, mean(X?) = 785;
(1,206.7 — 1,255.8)/(785 — 761.76) = —49.10/23.24 = —2.1127.

. Ham hoi quy mau: Yi = 103,8115 — 2,1127X,. Thé timg X; dugc cot Yi; thang 1: Y1 =

103,8115—-2,1127 x 20 =61,557, e1 = 62 — 61,557 = 0,443.
Sample regression function: ¥; = 103.8115 — 2.1127X;. Substituting each X; gives the Y;
column; month 1: Y1 = 103.8115 — 2.1127 x 20 = 61.557, e1 = 62 — 61.557 = 0.443.
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6. RSS = Xei? = 83,146. Kiém tra: Xe; = 0, ZY; = LY; = 455. Két qua khop phan mém
(statsmodels): 1 = 103,8115, f2=—-2,1127, RSS = 83,146.
RSS = Ye? = 83.146. Checks: Xe; = 0, XY; = XY; = 455. The results match the sofiware
(statsmodels): 1 = 103.8115, > =—2.1127, RSS = 83.146.

er=17,57
(thang 07/2025)

N
(=}
1

B
(=}
1

Luong ban Y (nghin 15¢/thang)
b3 &

3
[=]

7 =—— ¥Y=103,81-2,1127X
® Quansat (X, Yi)
- & D=(7.6455
T T

N
W
1

20 2 24 2 28 30 0 34 36
Gia ban X (nghin ddng/16c)
Hinh 2.3. Bo A: quan sat, dudng hdi quy miu va phan du (doan doc); dudng di qua diém trung
binh
Figure 2.3. Set A: observations, the sample regression line and residuals (vertical segments), the line
passes through the point of means

Phéan du 16n nhét roi vao thang 07/2025 (e- = 7,571 nghin 16¢c): & gid 30 nghin dong/16c
luong ban thuc té 48 nghin 16c, cao hon muc trung binh wéc luong 40,429. Thang 7 1a
cao diém ning néng; nhiét do khong cé trong mo hinh nén dnh hudng cia nd nam trong
phan du.

The largest residual is in July 2025 (e; = 7.571 thousand packs): at a price of VND 30 thousand
a pack actual sales were 48 thousand packs, above the estimated mean of 40.429. July is the
peak of the hot season; temperature is not in the model, so its effect sits in the residual.

Python (statsmodels): import statsmodels.api as sm
kg = sm.OLS (Y, sm.add constant (X)) .fit(); print(kg.params,
kg.ssr)
EViews: ls Y ¢ X
Stata: regress Y X
R: kg <= Im(Y ~ X); coef(kqg); sum(resid(kqg) "2)
Excel: =SLOPE (Y; X) -> -2,1127 =INTERCEPT (Y; X) -> 103,8115

LOI HAY GAP / COMMON MISTAKE — Tinh B = Zxiy/Zy:? hodc Zx>x;y: do nhé 13n.
Meo nhé: miu sb 13 tong binh phuong do 1éch cua bién giai thich X (bién ndm bén phai
phuong trinh). Lbi thir hai: iy ZX;Y/ZX? (tong tho) ma quén trir nXY, nX2; bd A cho
1,5372, sai céa dau.

Computing 52 = 2xyi/2yi? or 2xi%/2x;y; through confusion. Memory aid. the denominator is the sum of
squared deviations of the explanatory variable X (the right-hand-side variable). Second slip: taking
2X:Y/XX? (raw sums) without subtracting nXY and nX?; for set A this gives 1.5372, wrong even in
sign.
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