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English Description

This course is a compulsory course in the professional direction of applied statistics. The
course covers relevant professional knowledge such as experimental design and analysis,
sampling surveys, and time series analysis. The aim of this course is to enable students to have
a thorough understanding of the basic ideas and practical processes of various statistical design
and evaluation models, and to be able to apply them freely and continuously innovate in the

future.
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# 1 3. Randomization and Design CZ#HCF#HAR 1-1. 2-1. 220 3-1. 3-2)

(1] %R

(1)Types of experiments and terminologies.

(2)Replication.
(3)Randomization.
(4)Blocking.




(5)Design checklist.
(6)Commonly used designs with examples.
(2] %> Hp:

PH fi# : The experimental design is specified by treatments, experimental units andassignment
method.

H# J2: Types of experiments and terminologies, replication,randomization and commonly used
designs.

[3]1 ERAA:
(1)Terminologies.
(2) Randomization.
(3)Commonly used designs.
(4] RAA:

(1) Randomization.

(2) Commonly used designs.
(5] BBERM:

The effectiveness of a new brand of toothpaste in reducing tooth decay is testedusing volunteer
university students. Each student is given free toothpaste and ischecked regularly over a period of a year
by the dentist. Things to consider: No control group (e.g., no toothpaste? another brand of
toothpaste?)How to control for different brushing techniques/durations/frequency/types and other
factorsof toothbrush?Cultivate students to be organized and planned when solving problems, to achieve a
clear understanding, orderliness, and gradual completion of a task.

% 2 #: Completely Randomized Designs (GZ#E#%: HAx 1-1. 2-1. 2-2, 3-1. 3-2)
(1] &R A

(1) Mathematical setup.

(2) ANOVA.

(3) Analysis in R.

(2] %> Hp:

Hf#: We will develop the design and tests necessary to compare a treatments ortreatment levels.
Assume there is no structural relationship among the treatments.Assume we have a set of identical
experimental units on which to comparethe treatments.

% ¥2: Estimate model parameters, analysis of Variance (ANOVA), ANOVA hypotheses,variability
decomposition, mean squared Error, treatment mean square, ANOVA test, sampling distribution, the
Fisher’s F-distribution, ANOVA test: p-value.

[3]1 ERAA:

(1)ANOVA hypotheses.

(2)Mean squared Error, treatment mean square.

(3)ANOVA test.

(4] RAA:

(1)The Fisher’s F-distribution.

(2)ANOVA test: p-value.

% 3 3. Diagnostics: assumptions, transformations (GZ3#22H bR 1-1. 2-1. 2-2. 3-1. 3-2)
(1] iR

(1) Checking assumptions.

(2) Variance-stabilizing transformations.

(3) Box-Cox transformation.

(4) Non-parametric tests.



(2] %> Hp:
PHfE: ANOVA works if assumptions are satisfied.
% 4%: How to check the assumptions, variance-stabilizing transformations, Box-Cox transformation,
Non-parametric test.
[3] ERA%:
(1)Various normality tests, qq-plot.
(2) Box-Cox transformation.
(3)Shapiro-Wilk test, Kolmogorov-Smirnov test, Cramer-von Mises test, Anderson-Darling test.
(4)Durbin-Watson test,levenetest, Kruskal-Wallis test.
(5)Variance-stabilizing transformations.
(6) Non-parametric test.
(4] RAA:
(1)Box-Cox transformation.
(2)Non-parametric test.
% 4 Z: Comparing Treatments CZHEEH:HAR 1-1. 2-1. 2-20 3-1. 3-2)
(1] iR
(1) Contrasts.
(2) Multiple contrast testing.
(2] %> Hp:
P f# : Often we have more specific question e.g. compare a set of new treatmentsvs a control
treatment or do pairwise comparisons between many (or all)treatments.
# 42 : Multiple contrast testing: Fisher’s LSD method, Scheffe’s method, Tukey’s HSD test and
Dunnett’s test.
[3]1 ERAA:
(1) Fisher’s LSD method.
(2) Scheffe’s method.
(3) Tukey’s HSD test.
(4)Dunnett’s test.
(4] AERAE:
(1)Fisher’s LSD method.
(2)Tukey’s HSD test.
% 5 ZE: Introduction to Design Based Sampling (Z#H % HER 1-2. 2-1. 22, 3-1. 3-2)
(1] &R A
(1) Fixed-finite-population.
(2) A bit of history.
(3) Basic Framework.
(4) Horvitz -Thompson estimator.
(2] %> Hp:
Pif#: Focus on an approach to sampling design and estimation with a Fixed-finite-population.
#4&: Basic framework, The Horvitz-Thompson Estimator.
[3] ERA%:
(1)Fundamental concepts — design-based approach.
(2)Sample frames and auxiliary information.
(3)Population variables.
(4) Finite population parameters.
(5) Sample statistics.



(6) Sample error and sample error distribution.
(7) Bias, variance and mean squared Error.
(8) Design-based inference for population totals.
(9) Properties of the sampling method.
(10) The Horvitz-Thompson Estimator.
(4] RAA:
(1)Finite population parameters.
(2)Bias, variance and mean squared Error.
(3) Properties of the sampling method.
(4) The Horvitz-Thompson Estimator.
% 6 Z: Design Based Framework (SRS & Stratified) (Z## Hbr 1-2. 2-1. 2-2. 3-1. 3-2)
(1] AR A
(1) Properties of the H-T Estimator.
(2) Estimating Variance.
(3) Application to SRSWOR & Stratified SRS.
(2] %> Hp:
Pifi#: Design-based inference for population totals.
#4&: The Horvitz-Thompson Estimator.
[3] ERA%:
(1)Estimator unbiased.
(2) Estimate the sampling variance.
(3)Simple Random Sampling(Without Replacement).
(4) Stratified SRSWOR.
(4] RAA:
(1)Estimate the sampling variance of Simple Random Sampling (Without Replacement).
(2)Stratified SRSWOR.
% 7 #: Using Auxiliary Data in Estimation CGZ###HFr 120 2-1. 220 3-1. 3-2)
(1] AR A
(1) Using a size measure in the design — proportional to size sampling.
(2) Estimating a ratio.
(3) Hajek estimator of population total.
(4) Ratio estimator of total.
(5) Regression estimator of total.
(2] %> Hp:
PEf#: Proportional to size sampling
#42: Hajek estimator of total,Ratio estimator,Regression estimator.
[3] ERA%:
(1)Estimating a ratio.
(2)Hajek estimator of total.
(3)Regression estimator.
(4] AERAE:
(1)Hajek estimator of total.
(2)Regression estimator.
% 8 F: Two-Stage Designs (ZHEHEH AR 1-20 2-1. 222, 3-1. 3-2)
(1] &R A
(1) Why we need a multi-stage (two-stage) design.
5 6713L 147

NN ~



(2) Basic set-up.

(3) Results for SRSWOR at each stage.

(4) Self-weighting designs.

(5) Combining elements (stratification with two-stage).

(2] &3 H¥p:

Hf#: Why do we need a multi- (two-) stage design.

HJ&: Basic set-up, SRSWOR at each stage, Self-Weighting design, bringing elements together (at
design).

[3] ERA%:

(1)SRSWOR at each stage.

(2)Self-Weighting design.

(3)Bringing elements together (at design).

(4] #ERAR:

(1)SRSWOR at each stage.

(2)Bringing elements together (at design).

3§ 9 E: Basic Framework of Evaluation CZH#%:H#Fs 1-2. 2-1. 2-2. 3-1. 3-2)
(1] &R A

(1) Introduction to evaluation and monitoring.

(2) Process evaluation.

(3) Impact evaluation.

(4) Average treatment effect.

(5)Internal and external validity.

(6) Randomized control trials.

(2] %> Hp:

Pif#: Find out if, and how, programmers work and the extent of their effects.

# & : Evaluation, process evaluation, impact evaluation, measuring impact, evaluation
problem,treatment or intervention, outcome variable, counterfactual framework, effect of treatment,
means, estimation of ATE, randomized treatment allocation.

[3] ERA%:

(1)Evaluation.

(2)Measuring impact.

(3)Randomized treatment allocation.

(4] #ERAR:

(1)Effect of treatment.

(2) Estimation of ATE.

(3) Commonly used designs.

% 10 &: Non-randomized Designs CGZIEHZEH R 1-1. 13, 2-1. 2-2, 3-1, 3-2)
(1] AR A

(1) Overview of quasi-experimental design.

(2) Adjusting for measured confounders.

(3) Adjusting for unmeasured confounders.

(4) Matching.

(5) Regression.

(2] %> Hp:

Pif#: Random allocation may not be possible due to ethical or practicalreasons.However, random

allocation may not be possible due to ethical or practicalreasons.
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fi=¢

% & : Randomized Control Trials (RCT), replication,Non-experimental
Quasi-experimental design, challenges to evaluation, matching, regression.
[3] ERA%:
(1)Challenges to evaluation.
(2)Pair matching.
(3)Non-pair matching.
(4) Multivariate matching methods.
(5) Basic idea of (any) matching.
(6) Propensity score.
(7) Selecting sub-sample with ‘common support’.
(8) Methods of matching on .
(9) Compare T with PSID and CPS
(10) Other propensity score methods.
(4] RAA:
(1)Multivariate matching methods.
(2)Regression.
% 11 Z: Non-randomized Designs I1 (GZIEHEH AR 1-3. 2-1. 2-2. 3-1. 3-2)
(1] iR
(1) Interrupted time series design.
(2) Difference-in-difference methods.
(3) Instrumental variable method.
(4) Regression discontinuity.
(2] &3 H¥p:
PHf#E: A sequence of measurements of the same variable collected over time.
#4E: Time series, popular models.
[3]1 ERAA:
(1)Autoregressive (AR) models.
(2)Moving average (MA) models.
(3)Interrupted time series (ITS).
(4) Difference-in-Difference (DID).
(5) Instrumental variable (IV) methods
(6) Two equation model.
(7) IV and two stage least squares (2SLS).
(8) Regression discontinuity (RD).
(4] AERAE:
(1)Interrupted time series (ITS).
(2)Difference-in-Difference (DID).
(3) IV and two stage least squares (2SLS).

(=) SEIR#sE

methods,

The teaching mode is mainly based on students' practical operation and supplemented by teachers'

teaching, fully utilizing R software resources, tapping into students' potential, laying a solid foundation

of operational skills, and enhancing students' ability to solve practical problems. The project names and

class hour allocation related information of experimental teaching are shown in Table 2.
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1 Randomization and Design 2 1 Comprehensive | must do
2 Completely Randormzed 2 1 Comprehensive | must do
Designs
3 Diagnostics: assumptions, 2 1 Comprehensive | must do
transformations
4 Comparing Treatments 4 1 Comprehensive | must do
5 Introduction to Des1gn Based ) 1 Comprehensive | must do
Sampling
Design Based Framework .
6 (SRS & Stratified) 2 1 Comprehensive | must do
7 Using Au).ﬂhal..y Data in 2 1 Comprehensive | must do
Estimation
8 Overview and. Discussion 2 1 Comprehensive | must do
Questions
9 Non-randomized Designs 4 1 Comprehensive | must do
10 Non-randomized Designs II 2 1 Comprehensive | must do

SEEGTNH —: Randomization and Design (3E#2% HAR 1-1. 2-1. 22, 3-1. 3-2)
(1] SERAA:
(1)Basic usage of R programming.
(2)Complete four questions related to the use of basic R packages.
(3)Simple Debug.
(2] sERHH:
(1) Familiar toR programming.
(2) Able to edit, compile and run simple programs.
(3) Able to debug simple programs.
(3] H¥EEKR:
(1) The method of programming, i.e.,editing, compiling and running the simple R program.
(2) Basic mathematical calculations related to statistics.
(3) The basic technique of debugging simple program.
[4] £ A3 Programming.
[5] SERGH 54 Laboratory, Computer.
SEEGTNH —: Completely Randomized Designs (GGZHEH22H AR 1-1. 2-10 2-2. 3-1. 3-2)
(1] SERAA:
(1)Basic usage of R programming.
(2)Complete four questions related to the completely randomized designs.
(3)Simple Debug.
(2] sERHH:
(1) Familiar toR programming.
(2) Able to edit, compile and run simple programs.
(3) Able to debug simple programs.
(3] H¥EEKR:
(1) The method of programming, i.e.,editing, compiling and running the simple R program.
(2) Experiments related to the analysis of variance (ANOVA).
(3) The basic technique of debugging simple program.
[4] £ A3: Programming.
[5] SERGH 54 Laboratory, Computer.
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SEIGTN H =: Diagnostics: assumptions, transformations CGZHEEZ22H AR 1-1. 2-1. 2-2. 3-1.
3-2)
(1] SERAAE:
(1)Basic usage of R programming.
(2)Complete three questions related to the Diagnostics: assumptions, transformations.
(3)Simple Debug.
(2] k% HHI:
(1) Familiar toR programming.
(2) Able to edit, compile and run simple programs.
(3) Able to debug simple programs.
(3] #HFEER:
(1) The method of programming, i.e.,editing, compiling and running the simple R program.
(2)Experiments related to the Checking assumptions, Variance-stabilizing transformations,
Box-Cox transformation and Non-parametric tests.
(3) The basic technique of debugging simple program.
[4] £ A3 Programming.
[5] SR 54 Laboratory, Computer.
SEEGTIH PU: Comparing Treatments (GZFEHCAHBR 1-10 2-1. 22, 3-1. 3-2)
(1] SERAA:
(1)Basic usage of R programming.
(2)Complete two questions related to the comparing treatments.
(3)Simple Debug.
(2] sERHH:
(1) Familiar toR programming.
(2) Able to edit, compile and run simple programs.
(3) Able to debug simple programs.
(3] H¥EEKR:
(1) The method of programming, i.e.,editing, compiling and running the simple R program.
(2)Experiments related to themultiple contrast testing: Fisher’s LSD method, Scheffe’s method,
Tukey’s HSD test and Dunnett’s test.
(3) The basic technique of debugging simple program.
[4] L% A 3: Programming.
[5] LR 5# & : Laboratory, Computer.
SEIGT H Fi: Introduction to Design Based Sampling (G320 Hbx 1-2. 2-1. 2-2. 3-1. 3-2)
(1] SERAAE:
(1)Basic usage ofExcel.
(2)Complete questions related to thesampling statistician.
(3)Simple Debug.
(2] k% HHI:
(1) Conduct statistical experiments using Excel.
(2) Able to edit, compile and run simple programs.
(3] H¥EEKR:
(1) The method of programming, i.e.,editing, conduct statistical experiments using Excel.
(2) Experiments related to the H-T estimator and the naive approach.
(3) The basic technique of debugging simple program.
[4] L% A3 Programming.

H
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[5] SR 54 Laboratory, Computer.
SEIGTN H7S: Design Based Framework (SRS & Stratified) (SZ3#02% Hbp 1-2. 2-1. 2-2. 3-1,
3-2)
(1] SERAAE:
(1)Basic usage of Excel.
(2)Complete questions related to the SRSWOR & Stratified SRS.
(3)Simple Debug.
(2] k% HHI:
(1) Conduct statistical experiments using Excel.
(2) Able to edit, compile and run simple programs.
(3] H¥EKR:
(1) The method of programming, i.e., editing, conduct statistical experiments using Excel.
(2) Experiments related to theSimple Random Sampling (Without Replacement) and Stratified
SRSWOR.
(3) The basic technique of debugging simple program.
[4] S£% A 3: Programming.
[5] LR 5# & : Laboratory, Computer.
SEIOIR H-: Using Auxiliary Data in Estimation CGZH#022HAx 1-20 2-1. 2-2. 3-1. 3-2)
(1] SERAAE:
(1)Basic usage of Excel.
(2)Complete questions related to the using auxiliary data in estimation.
(3)Simple Debug.
(2] k% HHI:
(1) Conduct statistical experiments using Excel.
(2) Able to edit, compile and run simple programs.
(3] H¥EEKR:
(1) The method of programming, i.e., editing, conduct statistical experiments using Excel.
(2) Experiments related to the Hajek Estimator and Ratio Estimator with SRSWOR.
(3) The basic technique of debugging simple program.
[4] L% A3 Programming.
[5] SR 54 Laboratory, Computer.
e H J\: Overview and Discussion Questions (GZHE# Hbx 1-2. 2-1. 2-2. 3-1. 3-2)
(1] SERAA:
Complete questions related to the Census Coverage Survey.
(2] sERH -
Read and search for relevant literature.
(3] H¥EKR:
Based on literature, answer questions to complete the evaluation of the plan.
[4] £ A3: Independently complete literature review.
[5] SR 54 Laboratory, Computer.
SEI TR H f.: Non-randomized Designs (ZH# 22 HFbR 1-1. 1-3. 2-1. 22, 3-1. 3-2)
(1] SERAA:
(1)Basic usage of R programming.
(2)Complete two questions related to theNon-randomized designs.
(3)Simple Debug.
(2] sERHH:

1173 1470



(1) Familiar toR programming.
(2) Able to edit, compile and run simple programs.
(3) Able to debug simple programs.
(3] H¥EEKR:
(1) The method of programming, i.e.,editing, compiling and running the simple R program.
(2) Experiments related to theNon-randomized designs (comparison group, matching,linear
regression model).
(3) The basic technique of debugging simple program.
[4] L% A 3: Programming.
[5] LR 5#%&: Laboratory, Computer.
SEIOT H+: Non-randomized Designs 11 CGZHE#%% H b 1-3. 2-1. 2-2. 3-1. 3-2)
(1] SERAAE:
(1)Basic usage of R programming.
(2)Complete two questions related to the Non-randomized designs.
(3)Simple Debug.
(2] k% HHI:
(1) Familiar toR programming.
(2) Able to edit, compile and run simple programs.
(3) Able to debug simple programs.
(3] #HFEER:
(1) The method of programming, i.e.,editing, compiling and running the simple R program.
(2) Experiments related to the Non-randomized designs (time series, linear regression model, 2SLS
regression).
(3) The basic technique of debugging simple program.
[4] L% A3 Programming.
[5] SR 54 Laboratory, Computer.

I RSN

This course mainly focuses on classroom teaching, supplemented by experimental teaching.
Classroom teaching revolves around the basic concepts, theories, principles, and practical operations of
this course. Taking the fundamental principles of classic machine learning algorithms as the main line,
we will leverage theoretical knowledge transmission, experimental practical operations, and value
guidance to solidify basic knowledge, enhance practical skills, and foster innovative spirit. The
allocation of offline classroom hours is shown in Table 3.

X3 ENSER
o
S e e I
PRHR A2 — — — T
PHR | kIR | EAL | &I | BRSE
1A Randomization and Design 2 2 0 0 0
2 Completely Randomized Designs 2 2 0 0 0
W3 Diagnostics: assumptions, ) ) 0 0 0
transformations
4 E Comparing Treatments 2 4 0 0 0
5 Introduction to Des1gn Based ) ) 0 0 0
Sampling
1200k 1430



6 Design Baseéitrl;rtzilfr;l;\;fork (SRS & ) ) 0 0 0

7 Using Auxiliary Data in Estimation 2 2 0 0 0

8 Two-Stage Designs 2 0 0 0

A Basic Framework of Evaluation 2 2 0 0 0

10 & Non-randomized Designs 4 4 0 0 0

11 = Non-randomized Designs I1 2 2 0 0 0
/Nt 24 24 0 0 0
St 48

Ny HEETTE

1. Teach basic principles, integrate theory with practice, emphasize the design and application of
machine learning methods, and cultivate students' innovative abilities

2. Using a combination of multimedia courseware and traditional teaching methods to give the
classroom vitality.

3. Combining theoretical teaching with discussion forms to stimulate students' learning enthusiasm,

cultivate their self-learning ability and problem-solving ability.

. BREEE

1. The evaluation method for this course is a percentage system. The course assessment consists of
three parts, namely regular assessment, laboratory assessment, and final assessment. The specific
requirements and scoring methods are as follows.

(1) Regular grades account for 10%, mainly including comprehensive evaluations such as
classroom communication, homework, and online learning materials.

(2) The experimental score accounts for 40%, mainly for hands-on experimental exercises,
assignments, and assessments.

(3) The final grade accounts for 50%, mainly for the final assessment.

2. Those who have missed more than one-third of the required amount of experiments, assignments,
etc., or missed more than one-third of the planned class hours, or whose experimental assessment results

are not qualified, will have their course assessment qualifications cancelled.
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1. Teaching syllabus

Assessment cycle: 4 years, revision cycle: 4 years.

Improvement measures: The course leader organizes all teachers in the course team to discuss and
propose improvement suggestions, which are reviewed by the head of the teaching and research
department and approved by the dean of the teaching department.

2. Performance evaluation and assessment

Assessment cycle: 1 academic year, evaluation basis: comprehensive analysis of students' final
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grades.

Improvement measures: Based on the distribution of students' final grades, adjust and optimize the
content accordingly, and improve teaching methods.
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