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Abstract

In the era of big data, more advanced statistical methods are required to deal with complex data.
“Statistical Computing” is a course to improve the professional ability of statistical students from
two aspects: (1) The theoretical statistical methods are implemented into reliable, efficient compu-
tational algorithm. (2) Develop new statistical methods with the help of the processing power of
modern computers. Therefore, this is a course that requires more programming ability. Since the
programming ability of students majoring in Applied Statistics is weak, the case demonstration
teaching method is introduced in the Statistical Computing course to balance between the theoret-
ical and practical difficulty and depth. Thus, students will not only be able to apply statistical
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methods to solve practical problems, but also understand the theoretical principles behind them.
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H AR S ge it LA ARHR R I E h B E 75 R BRI B R E RS BE L5 iR
FE, DASFRe AR . e B B AR A RE 0o SRR PR S8 B SR R AR 0N 2B I B RE) AY EL
B P AT 2 MG T TR S, EIFAER A g ki R . 4h, BEE TR R,
K T AEBEUTH AU BERE BT GE it U8, AR TR SETE . Goit it S I 2 R e S e i U7 i S
RESEIUAI TSRS HL B —

W RRTT IR T (Gt R TR, fERRBREEA RIS ERAR LS. BHAS (5
PR RERZ R REFIEVRESRMN, RIESEAREERIFRSG I ——HRZ ARG
FHIFHER. Python Mo —ITIEMIE S, BEHEHAESAT S BORB Z R HT, PR ILAENL 387 2] 4
FEBBME, AR S AN L& TERE . B H 2018 SEIFBL T (Giitit 5 (Python))
LL Python fEN#A 8, BN HIGETE RMER ST RAR = F R k. Ll 3 FH A, £ 2020
PR IR T R P RAZ IR BB B, AR I 2 X T TR R EIEQ) ARG
THERESEEL, Plan, BENLEINAE RS, THE RS BRI — BTk, et HEWTT RERS
RBIPATTE IR E T BRI BNV, (2) ditE AR RIS T,
40, Boostrapy MCMC 25, — 282238 thxt GE i it SERREHET 1 Bep cl i R R [1]-[4] . AT HCEAAE st
Ko MR SE . FEETTE N SCE T N Goit i SRR AT — SSR R A SL B, DU BB I #2 3L
Heo

2. (@it E(Python)) BFHER

ZIRIE R0 B ARk e A B4R R Z ST A B IR r it g i 84, AR R BUR LR Z
RS S BETT . H RTHC A BAFAE LT BRI

(1) ZEAGFEAEAE TS BARAERTHILMERRET 23] T (Python FE/F it 2EA)  (GEit BT 4
SRR AR IR, HAEZCATRRE T R A A BRI AP & — ml, (B ZifRSEab AN ILSE i e, Ll
an, SR AR ARG g S, (AT SR S — A~ Python eREL, fSEARAAD BAT ik 1 0 2 A2 A FH A 1)
2R YEIE 0 Rk

(2) ARGEA LA My A A RSO, BRI, RS P IR, P SRR
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DOI: 10.12677/ces.2025.135382 601 eSS G=R I


https://doi.org/10.12677/ces.2025.135382
http://creativecommons.org/licenses/by/4.0/

R

3. BENEERE
3.1, #HHt

ZIRIE IR R A e e (Geitit&) [5], B EME RIS, T (Gt ED) (N — 1146
BARMN AR, JF B2 A BA — St AR K =2 AT B URAE, SN0 R Ge i J7 A8 mT
5L R FEFIFMAEST I . Bk, AURFEAE B O R v e B O R KK (GEitit 5D
[6], iZEM AN A TR Al FERE SO SE R RUR S R MR R AN, 2
RARAR) (G5 B8 T RARG RG], RGP 7 B A S B i bed], S BEARHE LR AR 55
A, RSN B S By IO A . J34h, BEXF Python 4fe, T REE A& K (Python iF 5 142
PPl i 2kait) 1F v BB 7],

3.2. SERPRERE

FR G A SO R 8 R UF R Ok, RO e e & 1 AR EAT P . IXREIY 7 AAE
AR RE 2 A By e i, IOAMEACRD S S AR b e e DRIE, RSk b, BURASE
%, BIAEURAE b HOME i Seim 9 S5 A REAT 3R, RIS ZRE AR UM s R 720 B sh
BEATH S, XREEA BT AAEEN TR mE LR, ARtk .

33 REIBFZX

R G KA =D AR M, BB S BR RR AT B iR S0 #
FRAARZEAE R BZ, WERBE AR . AL EAO R, ENEE AT
SRR R AIA[8]-[10]. SEih i IRRE A BB SR, I Ze SRS 5 74 3 S P 1 SR HEAT PR B 205
REfS A B T2 AR B IR Z B AR, T SERLGE T A A e S . AEARRIE 2 R, fEAR 2 J0
WRIPBIAN T ROIHEAE, UIRREBIFEEE G T R P A HOR

4. REIFF LRSI
DIERE R VIS € e S & 2SR b R R O S L ISaE L
4.1 GRS RIRERIE F AR 5

FINZEB: B FCAL R B AGR —5b3 ik ik 10 .

R ERXAREI, AARAER T M rEkek, LBE vEkeek, aT LS
AT AT KA 1Z H AR R . ik X 2 AR, HAEH 1 3oR s Bk, B0 WEoR B R k.
p R LEKERER, I X RSy p 9 =30 Al . SEiHI TR 3 B S5 2 R R AR S A
BEATHEWT . X, WA p WEMGXIE, X HEMTREGEAT I ARG O IRE R, AT T IR
AR A TR R IX R AT, 1927 4, Wilson $&HH T —MEIER BEE X, FROVEURIBEFEXE. N
THE PR EAS XA, AR JSEEHR AR LT, BATAT DUE A BNV L BOX AP BAS X E] . AP
& XA N %0 2 AN AN 6 AR (1) MFEGER TS, BEXEBERLT; (2) AR K TEHETERGE, H
PR A R

WRIBET: FEVUBTS kAT 2 X E B8, e g S RE 75 Bk AR e il T AT
8, s —S ] EE A Python B B . B, HUM— xS Byl 34T 9 5 15
MEEXME. RGN ERRER 0.1, FEAER 30, BEAKTH 95%, BH T RO MARS T
PR B A X T) DA R 7 A LA DX )2 75 B 35 S TR
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2. sig = 0.95

n = 30

4. p = 0.1
I5.
‘ 6. sample = np.random. binomial (1, p, size=n)
7. phat = np.mean(sample)

8. lmd = stats.norm ppf(l-(l-sig)/2)
‘ 9. pdif = phatp
‘ 10. radl = Imd*np. sqrt (phat*(1-phat)/n)
11. if (abs(pdif)<radl): cover = 1
12. else: cover=0

[13. diffl = 2%radl

‘14. ptilde = (phat + Imd**2/(2%n))/(1+1md**2/n)

115. delta = 1Imd/np. sqrt (n)#np. sqrt (phat* (1-phat) +1md#<2/ (4%n)) / (1+1md**2/n)
16. if (abs(ptilde-p)<delta): cover2 = 1

‘17. else: cover2 = 0

[18. diff2 = 2+delta

’ 19. print (cover, cover2, diff1, diff2)

ARSIk, g€ —~HEFART . HEAEMF MR L LSO 2~4 17), FFREHLA R T BE LA
(K ESCAREE 6 17), SR Ja R ZEAACRI BB W TN B9 S, BlIndE 7~13 172 2 T IR AR B A5 XA,
14~18 177 Wilson i fliit MBS X1 19 T8 th 1 W-NJ5 ¥k (10 B A5 X 1A) 4 d 48 b (R ELAS X TR A
HYE, HEEZIEN L, HEAEEIEN0), DAXEKE. HTHBEER 20, RN
HH 100 Kk, BJER BRI R EE A g, SRR EREATYTOK, W s

7 HE mA

1.

2. sig = 0.95

3. n = 30

4. p = 0.1

5. N = 100

6.

7. 1 = 0

8. ans = np.zeros((N,4))

9. for i in range(N):

10. sample = np.random. binomial (1, p, size=n)
il phat = np.mean(sample)

12. Imd = stats.norm. ppf(1-(1-sig)/2)

13. pdif = phat-p

14. radl = Imd*np. sqrt (phat*(1-phat)/n)

15. if (abs(pdif)<radl): cover = 1

16. else: cover=0

17. diffl = 2%radl

18. ptilde = (phat + Ilmd¥k2/(2%n))/(1+1md**2/n)
19. delta = 1Imd/np. sqrt(n)*np. sqrt (phat*(1-phat)+Imd#*x2/ (4%n) )/ (1+1md**2/n)
20. if (abs(ptilde—p)<delta): cover2 = 1
Al else: cover2 = 0

22. diff2 = 2%delta

23. ans[i] = (cover, cover2, diffl, diff2)

24. np. mean (ans, axis=0)
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M ERACHEFT I, AR KA A LA b, 84 158 6 AT HEAT 100 RE B, £E 7~9 1TIIN 1 f2H
TEARITEDR, 10~22 ATXIF L REREAT R, 28 TR — IR G R R R ) — AT, R Xt T 46
RPCFEME. ERIFEERES, RE T O A BAGEE FEAR RN B IR LS BE LRSI VK
el g S R AL A LA b T AR R B,  BARAURSW R Fros.

1. def conf(sig,n, p, N=10000) :

2 i =0

3 ans = np.zeros((N,4))

4. for i in range(N):

By sample np. random. binomial (1, p, size=n)

6 phat = np.mean(sample)

7 Imd = stats.norm. ppf (1-(1-sig)/2)

8. pdif = phat-p

9. radl = Imd#*np. sqrt (phat*(1-phat)/n)

10. if (abs(pdif)<radl): cover = 1

il else: cover=0

[i2 diffl = 2%radl

138 ptilde (phat + 1Imd#*2/(2%n))/ (1+1md**2/n)

14. delta = Imd/np.sqrt(n)*np. sqrt (phat*(1-
phat)+1md*%2/ (4%n) ) / (1+1md**2/n)

15. if (abs(ptilde—-p)<delta): cover2 = 1

16. else: cover2 = 0

7S diff2 = 2%*delta

18. ans[i] (cover, cover2, diffl, diff2)

19. result=ans. mean (axis=0)

20. return (result)

ERACHE RS TEERE . FEARNIE BRI, RNV R € 17— D ERIME,
PR Z AR A BE AU rh i 5 2 [ 7 ) o X A, B AT 1 ] 100 IR BTN, X HEL A BR A B 2 10000
Ko JRBHET, FEMAIG S, EHH— A BN BEN B R Bt AT RS K, AEFACRD I
SEE, IR A A BRI A, PRAEBENUB I T SE . ek, BRI EE AT #E
AEAMEBMER, THEAFEL T ERE X RERR, DB ES X RS IAN R,

WrR .
21, df = np.array([])
22. for k in [0.99, 0. 95, 0. 90, 0. 8] :
23. for size in [30, 120, 4807 :
24. if (size==30): prbs=[0.1,0.3,0.5,0.7,0.9]
25, if (size==120): prbs = [0.05,0.1,0.3,0.5,0.7,0.9,0.95]
26. if (size==480): prbs =[0.01,0.05,0.1,0.3,0.5,0.7,0.9,0.95,0.99]
27. for prb in prbs:
28. ans = np. append ([k, size, prb], conf (sig=k, n=size, p=prb))
29. df = np. concatenate ((df, ans), axis=0)
30.
31. ddf = pd. DataFrame (df. reshape ((84, 7)),
32. columns = ( confidence level’,’n’, prob’,’ coverage 1,  cover-
age 2, diffl’,’ diff2’))
33%

34, print (ddf)
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SRR, HMEREACRILS] 480, JF IR A0 0 EAS IR A 85 AT EAE AT, Rl L 1L A
BRHERE p 51T 0 B 1 MEUAL T, RORTEZE. Wilson BAF X A (¥ 6 % 5 B AR BEAE AR — 3.

4.2. Boostrap HIZR {5l

FINZEB: BTN TR A B AR B OGRS

A LTS AR IR R, W DAUHIAR R RO GEit kAL, P DU A W L o
A A SR HE T B R R R R B X B R R AR R R B A THE DU B AF IXTE], JRS 0 L
B HEMBXMEEE 0, WU HIBAT LW ISR U] A FER 5 mA0e, #EGEXEALE 0, WA E
PR B RAR R

IR B, BN 10 MEEAK) B A EAE, IR EREA S RS, AU TR .

35, import numpy as np

36. import matplotlib. pyplot as plt

S

38. h = np. array ([ 144, 166, 163, 143, 152, 169, 130, 159, 160, 175])
39 w = np. array ([38, 44, 41, 35, 38, 51, 23, 51, 46, 51])

40.

41. corr _matrix = np. corrcoef (h, w)

42. print C ¥h 7 ZHFEA, corr matrix)

43. corr = corr matrix[O0, 1]

44. print C MR ABIIETAEAN, corr)

HIK, Boostrap J7 2l G Bl N FEA R HHEL B MEEA, HHEEMREARRIASE RS, SRR
TN o
45. sample = range (10)
46. n =10

47. np. random. seed (10)
48. nboot = 1000

49, corb = np. zeros (nboot)

50. for i in range (nboot) :

Bl bsample = np. random. choice (sample, n, replace=True)
52 hb = hlbsample]

53. wh = wlbsample]

54. corbm = np. corrcoef (hb, wb)

55. corb[i] = corbm[O0, 1]

56. # print C bootstrap FEAIIAE R RECN |, corb)

57 plt. hist (corb, bins=20)

58. plt. axvline (x=corr, color="red’ )

59. print (np. mean (corb) )

60. print ( EZ%L bootstrap JiikfS BIMIAH I R EHIFFHERZAE TN, np. std (corb) )
61. print C IS4 bootstrap J7 kGBI REWEE X 8] FBRA, np. quan-—
tile(corb, 0. 025))

62. print ( JEZ%L bootstrap JiEMF B¢ REIE(E X (8] LFRN, np. quan—
tile(corb, 0.9755))

5. BEHR
VA SR B 2 AR, TR T X I8 28 051 T R 5 R 1 7 R S B4R 8 1 0
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Table 1. Comparison of after-class homework scores under different teaching methods
# 1. TEEFEERGIEWREGHTLL

&5 REop a1k FRuEZE
EXVIEEFR 80 90 95 5.25
W AT 50 65 100 11.87

6. B

FEREAEI A, AT 3 W Hi i A A BAT R KRR AR A geit ALk iaE, BT
BRGHITER B EITR LASL, 75 2 RIS I & MG vH B BEAT B8l 70 o PR BEE B0 1 2 UM A0 52 24k
{7 B GE Tt 7 ik D2 Joi e e AR AT ML 755K, T4 W BLAE 4 S0 0 I Ak Al 3k 4T @00 R it AL,
LG ENA BRI AR, BR A B G iAo SE PR R, F B R SELE, G EARY
A0 AR — . GO E ST BN — 3, AR h EREEN TR, HifE
RE ARG IR AR EE K g B AR REAT AR R, TN S A R R SE IR IR AR B 2 ST R R Bk, G FEdk
At S A R A, I PR BSOS, ORI AR AR AR TR, DR BRI SR], §
T ENERIA S B O R AL

E&ME
2021 4F ¥ LIRS AR FUTRE F 2 WK

&E ik
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