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Abstract

Biostatistics is a compulsory major course for students. A key concept in biostatistics is sample
variance, but it is difficult to clearly demonstrate the degree of freedom in sample variance during
classroom teaching. MATLAB based simulations together with real-world examples and rigorous
proof can explain the concept of degree of freedom from multiple perspectives. These combina-
torial strategies not only help to accurately understand the concept of degree of freedom in sam-
ple variance, inspire students’ interest but also assist in the study of statistical inference.

DERER

NES| M INEE, BT AT E A B2 MR BEEE AL, 2021, 9(2): 420-425.
DOI: 10.12677/ces.2021.92066


http://www.hanspub.org/journal/ces
https://doi.org/10.12677/ces.2021.92066
https://doi.org/10.12677/ces.2021.92066
http://www.hanspub.org

INET, B

Keywords

Biostatistics, MATLAB, Sample Variance, Degree of Freedom

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

WGt TR TREIENRY, R EN A0, SESHEES L, RAakarie
W FLH I GRS R [ 1], WGt 25 5 mfa BAR R BRI e e 2 T HEMEH . A4
GuitF ARG A, IRV, HECFIAESS, HEX T R G S IR A ek IR PR A

TEREARTT ZE /) X, 75 2R %8 E B (degree of freedom, df), EJH n A n— 1. HAb E B %
W E TR A — e MR AE . AR B S IR S R E LA, “HUA R BES 1
Befili b, AT ARECE LR S, CBCEIAE” AR T RBNME . MGt B
AR BT B2 2h HFEAR 7 ZE R 0 A 2, 8 oA e g T AR AR AR 7 2210 B ER BE 2] 1X
Fho7 REAE 4% B UE I HE S, IR B E25 T BB BT L, FEATT 221058 SR MERE FLIE 1 3
HHE RS HHE S, (AW HAEMSG B IR G Tk 2 0k, UL —M A
AT B I [3]. Fr BRI R 45 T B HERBEARSE S IFmiA T B RS R B R
[4] [5], ABATyGR A —Fpkb 2 B 7 LA A B4R T Z S h I E B n - 1.

MATLAB BA S #:0 3 AAME RS 450 s K 12z B DhRg, e L SRt B Re (6]
IR, MATLAB fEAEMG T IRE PSR T2 KN, AT DE— @ FE R EIgsm e OR— (7], FIH
MATLAB BN A 38 0 RE ARG R AT 540, B0 -5 82 FH S AN P2 A BB Ul B, AN 22 A7 B2 B R AN
TrEWEHEE, AT WA FEREEE FERE T Z1E X, Rt G HEWT 5 2] 59 FE A

2. HA 7 EHEHERER
B x = (3,300, ) OWIRE EAS S N (u0” ) BT SR BERLREA, ORI ¥ =~ 3y, , B 2

n-

SzzLZn:(xi—f)z, n. Es* =0
l’l—l':l

WER: B y=Tx, y:(yl,yz,--~,yn)T, Horr:

1 1 L 1

= % & 7
1 1

Bl 2 ’

N T . m

32 NEW) NEW)

o
\/n-(n—l) \/n~(n—l) \/n-(n—l) n-(n—1)

DOI: 10.12677/ces.2021.92066 421 eI G=R Tl


https://doi.org/10.12677/ces.2021.92066
http://creativecommons.org/licenses/by/4.0/

INET, B

B SRR T OYIE SR .
JUE

Jnu
Ey-TEx=| ° @)
0

y W975% Var (y) =TVar (x)T" =T (0’1, )T" =o’TT" = 0’1, , K 1, 13 n I BALAERE
Hy FIZERTAEL v,y v, MBS, H oy ~N(\/;u,02), V, ~N(0,02),i:2,---,n .

AN
Sy =y y=xTTx=x"x=3x 3)
= =
(n=1) =Y (5, -F) =X ot =Yy —nd =Yy -2 = 37 @)
5 = = = =
VARHRE 7 o3 L, 73
e (] ©)
MG 7 43 A AP <
E{(n;lz)sz}:n—l ©6)

B Es? =02, iFEE,
3. BA S ZEHHENRE

RIERG) T A, B REERTT ZREEN AT N 04, HEBE N — 1. BEAT 2R 2 o
K miE T E. EXxFAaRZHEMAFERNEEMS, A LRIFHER —SMHEE. Arbl, fFse
PRI, — BB QAR R AR % A R — 1), 1 “n = 17 T L
TR NEHEE, £fMSrn] 5 hZ LRI EC N B EHE o NI R RE AR EZER, B x 53 W
B, BEn MBEHZE, BERA -1 DMRAEBEIN, & NEHNERT 2R — 44 i(x,. -X)=01H
BRI S [ S, W AREAEA 5 ANWIE, &4 MEWEN2, 3, 1, -2, W5 AEYED
W4, B Y (x,— %) =0 BRIL, HITREE BRI 4, W BN 4, BDEBEEN - 1
B AR E s, Al E B o A 59 S AR RE AR U ZE B HE TR — B AR .
4. MATLAB XS ZBHE

RS PE BB RARFR U IR, % MATLAB WSS 2 22, AT LT
ARSI RS, BRI S A KBTS, ORI (8], FIEIE Bt — 4 MATLAB
B K A SR A7 2 1 RSO MR . VORI IEAS S, S9N s 250 o MR BEHLAR
AR n HOREA, BEAIEN T . RREA RIS P I A 55 = 3 (x, - %) o BB N, 12

DOI: 10.12677/ces.2021.92066 422 eI G=R Tl


https://doi.org/10.12677/ces.2021.92066

INET, B

Nz TN , 1 ,
SSmm":%ZZ(x”—f)zo 8N oo, SS,. > (n-1)0> [8]. MREABE TR, Wi
j=1i=1 n
1 s :
SUR MU —SS, 0 N >4, BRER-SS, S5, ==
n n n— n

5 MATLAB JE (748501, B2 = 5. AR I, BURRYE IE 265 A A BEHL S, B0, ~ N (0,1) 4
X = (3 5y 5y ;) o FIRBEHLREARCREAT S | BEA), BB 1. BEHLREAEF MATLAB o randn
BOER. TR 72 5% T MATLAB 1 sid B8 SBITSE std (X, Dim) A8 S NS K
Dim SEH(Dim = 0}, Dim = 1 FATR). A —ANZEH 0= 5 HIFEA, T8 — VR I B 227 7
Rl 0 E YR N, ssm,,:%_ii(xu—z)z AR SSpeane FBENE R TARUEE S

i=1

2
W Hiot =1, N - 1ol Llss S1, LSS 08, T 02, FOAREEEEIRK
n

mean mean
n— n

N R, ﬁssm\ %ssm,, At - O B EA (R 2). T, REA TN RN
bl n

1, BHFEAREYZEFTMEEU , NMEEREFERE, AFESEMb TP “Tmit” HEK,
BEAUREAS A2 BRI 77 11 5 MATLAB BIA SCAEUNA] 3 s o Horf“ RepNum ” N H R £ N I HUE TG,
DAIE 7o} BT A A o
T2 2 i) MATLAB fUAS 01K 4 fiion.  “scatter” AL U5 B MATLAB B3, 78 SEPrE)
Pt R, W@ MU scatter MU S EUIUE, RS B I RCR, AT LA 24 R Gt B RE 2],
[ Bt B A T R Ge i E BN AR et 2 5 SR B SR

1 2 3 4 5 1 2 3 4 5
1 -0.3696 0.4312 -1.0713 -0.0928 0.3073 43 -0.1605 -1.5230 0.5758 0.6576 -0.3914
2 -0.5731 -0.4781 03325 -0.0379 04796 44 18229 0.3283 0.3848 -1.1899 -2.4971
3 -0.2104 -0.1197 -0.6285 -1.1961 1.2486 45 -0.4430 1.6824 -0.4848 0.8386 -0.2551
4 -0.1474 0.0604 13319 -0.9844 1.2537 46 -0.0312 -1.1289 0.2953 0.9847 -0.9522
5 -1.4203 -1.8582 0.1104 1.2729 0.9605 47 0.3158 -0.8892 -0.3886 -0.3363 0.8375
6 1.4665 -0.6493 -1.5915 1.0988 04692 48 0.2468 0.0804 0.4717 -1.0705 0.2457
7 1.4937 0.5169 0.9270 -0.8269 0.8477 49 -0.2943 -2.2917 -0.7946 -1.4101 -0.4246
8 0.7294 0.2665 -0.1238 -0.2469 -0.0408 50 1.3493 0.0971 1.6273 0.1806 0.2001
9 0.1267 0.3452 -0.0244 -1.2868 0.5738 51 0.3592 0.7099 21370 0.0785 1.1013
10 04163 -0.7277 2.9394 0.9928 -1.1902 52 1.0344 -0.2313 0.7610 0.1445 0.1606
11 2.3127 0.3709 -0.1755 2.7872 -0.0836 53 -0.2859 0.9166 -0.3755 0.1750 -0.1398
12 1.5427 1.1384 -1.3430 0.7140 1.8856 54 0.4800 -2.2500 1.5297 -0.2531 0.0815
13 -0.1217 2.1658 -1.2255 -0.1326 04474 55 -0.9543 1.5839 0.6013 -1.2908 -0.6553
14 0.6501 -0.2891 -0.4558 -1.0818 0.9345 56 0.0918 -1.1469 1.5477 -04710 -0.4269
15 -0.1840 -0.6209 0.8397 -0.3261 -0.5020 57 0.2307 -0.1205 1.1957 -0.0951 -0.1964
16 0.3783 0.1427 1.0606 1.2254 -1.5576 58 1.7725 0.8049 -0.3211 -1.4119 -0.3939
17 04552 0.7872 -09133 2.1641 -1.1202 59 2.0090 -0.6060 -0.2156 -0.8141 1.7982
18 0.3925 -0.1414 -2.0082 -0.1363 -0.0842 60 0.7499 -1.0409 -0.0578 -0.1936 0.9905
19 -0.0533 1.4989 2.8786 -0.2230 1.7957 61 -0.2405 -1.6581 -0.5160 12167 0.8248
20 -1.8244 -0.3791 1.0407 -0.3049 0.1516 62 -0.8412 1.5058 0.9492 -0.6177 0.9702
21 2.0068 -0.2369 24188 -0.6956 1.3293 63 0.0610 -0.4288 1.4400 -0.4122 0.0614
22 17218 -0.6086 -1.5872 -1.8244 0.3151 64 04315 -1.1724 0.7530 06124 1.1056
23 -0.3558 2.1661 1.1637 0.2570 0.3587 65 0.9426 0.1178 0.7675 -0.4965 1.6460
24 -0.3656 -0.6892 -0.6077 0.3571 14931 66 0.8073 1.6455 0.3021 04641 -0.0959
25 0.5273 09512 -0.3795 -0.0721 0.1629 67 0.2677 0.4005 0.6965 0.6498 11727
26 -0.8988 -1.7464 -0.7905 -0.0075 04537 68 1.0402 -0.5487 -2.2161 -0.1835 1.7486
27 -0.5802 -0.7936 0.7466 0.8987 -0.6181 69 0.9570 0.0554 -0.1699 -0.7962 -0.7379
28 -0.5772 0.9987 -0.7224 1.6423 0.1706 70 0.2365 -2.0591 0.0669 0.1879 0.7311
29 1.0468 0.5754 04171 -0.3142 -2.1368 71 -1.5350 0.0318 -0.8373 -0.0104 -1.0079
30 -0.9800 0.5093 -2.1211 -0.7705 0.1595 72 0.3820 0.9943 0.3719 -1.9007 1.5057
< <

Figure 1. Random variables with normal distribution generated in MATLAB
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Figure 2. Simulations of unbiased, biased variances and deviations in MATLAB

with increasing repeat number N

E 2 Xk, BRAEMNREERESSH N TLE MATLAB &1

RepNum=[10:10:100 200:100:1e4];
SSmean=zeros (1length (RepNum), 1) ;

Bias=zeros (length (RepNum), 1) ;
n=5; %sample size

for i=1:1length (RepNum)
N=RepNum (i) ;% No. of Replicates

© ® e O b L D

x=randn (N, n) ;

10 SSmean (i) =mean ({(std(x,0,2)). "2);
11 SSmeanBias (i)=mean((std(x, 1,2)).
12 Bias (i)=SSmeanBias (i) —SSmean (i) ;

13 end

%% sample variance via simulations
% Series of replicates

SSmeanBias=zeros (length (RepNum), 1) ;

2);

Figure 3. Codes for calculation using MATLAB
B 3. AT HE MATLAB RS

14 subplot(2,1,1);

15 scatter (RepNum, SSmean, ' filled', marker’,’ o', markerfacecolor’,...

16 [0 0 0], markeredgecolor’,’k’,’ sizedata’, 120);

17 hold on;

18 scatter (RepNum, SSmeanBias, ' filled’,’ mark

19 [0.5 0.5 0.5], markeredgecolor’, 'k,

20 set(gcf, color’, v );

21 set(gca,  font ', 45,  linewidth', 3, xtick’, 10. "[1 2 3 4],  ytick’,...
22 0:0.2:1.2,” xscale’, " log’);

23 x1im([8 max (RepNum)+1]) ;

24 y1im([0.5 1.3]);

25 subplot(2,1,2) ;

26 scatter (RepNum, Bias, filled’, marker’, o', markerfacecolor’,...

27 [0.5 0.5 0.5], markeredgecolor’,’k’,’ sizedata’, 120);

28 hold on;

29 set(gef, color’, W' );

30 set(gca, fontsize’, 45, linewidth’, 3, xtick’,10. "[1 2 3 4],  ytick’,...
31 —0.3:0.1:-0. 1, xscale’, log’);

32 x1im([8 max (RepNum)+1]) ;

33 y1im([-0.3 -0.11):

Figure 4. Codes for plots using MATLAB
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EARKN—FA SRS A . A4, T MATLAB iEEHE B T HRE X, Frbl Byt
FARMDARX s G, AT B — e a2 A BRI 2202 . 540, MATLAB RIS 32 17 e ) AH X 45
5, AR 2 TR EERI AN N2 0.085 F2(Windows 10 #:4F 24, Intel CoreTM i5-8265 CPU, 1.80 GHz,
8.00 GB RAM). R} K RepNum [f] & [{1 5 KAl 3 MRS E 107, IB4THEA/NF 0.1 £ Sl Ay SCik
PL Excel 2010 ENES TR, iZ2H Excel 2010 %] VBA (Visual Basic for Application)ZmfEhgEidt 17 1
BEALIRE I FE I % E H FEREAT TR [9] .12 Excel 2010 [ KT REULA 1048575 (~10°), 5 MATLAB
B SRR B BE Rt s AE4BLA 1A) SR, MATLAB #E4UF 5 T4 Excel 2010 #5481 ] 5. 2% PR i8 471
[ (FFAKL 3 N EE ) [9]. BE4h, MATLABENmEHAmIETES, HEHMEHE LIL VBA HAMRH. 45
FERIIBUAUEY], 4 LB SEfI Al MATLAB 40N, 2 M BEDRE 7 22 H BRI & X, @ T A ) 2
Bl 222

EAREERE, 2018 4, mAFRM T “GUR” BBl “WE—E” , RSB, 0. #k
ERIE[10]. FPTEEECRIZRNETE “RT. W RN, R & 2B s & B s g s e
[10]o % TAEVGE T2 B0 s g J7 2 5 i ECAIE, ZB0m PR B U@ e Wk 72 nT # B By —
SESERIIG A A R B T A R ZIAR T ZE BB, S R R,

B
R 52 RS K27 i B 2 2 B R P T A S
E&ME

B K HAARHE R ST FITH (31971185); BUE M5 R i & TRELR T IRFR (SRS i 48 T T OR
F&) 7R 76 100 H (2020kke299) s % B8 1y 55 5 A G0 B TR K B £ 28 T T80 F2 (MOOC) 7 Y T H
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