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Abstract : For two normal populations with unknown but equal variances or unknown variances but with large
sample size, hypothesis test of the means has given a solution. But there is short of research for unequal variances with
small sample size. To address the problem, the processing method of theoretical proof is put forward, and the realizing
process and MATLAB program for realization are designed. Finally an actual case is used to illustrate the feasibility of the
method. Compared with the situation of large sample, this method needs less samples.

Keywords : probability and statistics; hypothesis test; proportional variances; MATLAB

| R4S DA EABBERINE, AR5 R

U= X-Y Hoﬁ&‘zﬁN(O l)
&’§‘4$X~N(:ulao-lz)’YNN(#27622)’:‘11’#2’0—2150—22 a ol o e
PIRRABE (X, X, -, X )FI(Y,, Y, -, Y )3 B PR

SVA X, Y A AR BT R 2 M REAS . 3l

J— ] mn —
X=—>»X Y==>Y
mZ n=
1 m
S =—
m-1:3

Xt TG %
Hy: p=p,, Hy py 7 gy
AT 3 B«
B T 2 DIESSETT ZHOH, EK

(X, - XY 57 = nl

|
—_
T

RS BEA - 2015-04-07

BR 2 AT 2 NIES AT ZEHBARFEARSE,
TR 2 MIES B HSER TS, ARBRgiTa

U= x-v Hoiwt(m+n—2)
\/(m—l)S]2+(n—1)S22 1
m+n-2 m n

B3 ST 2 AN ER Ay 28R, ERK
2 IERSMAE R EAHE, 2 m, n RKE(m, n =
50), ARESITE

EE A : B (1990-), %, WRGARBHA , g kit , FEST )y M A S HES T, E-mail: canjingdao@163.com



102 Wom Tk ok 2 20154F
U=—22L REy 1), Vii(m”_f)s‘" ~ 2" (m+n-2)
s 82 co,
T U, VAREIRSL, WA
MFHEAG MR T, 2 ESRE  (X-F)-(n-mw) U t ,
M0, FIRTHO BRI . A SCSh i lmen-2) (meen=2)

XTI ZEAEHAEARRTEIE T, 2 MESSHISE
AL G 38 ) T %

2 FAERILHIE 2 ANESSMEHE
HRiIZ 36 A X EE

glfil ‘VXLAE\,TZIKXNN(‘UI,GR)’YNN(/lz,czz)’,ul’
Ho» 0'21: Gzzi@jjji%n%ﬁ’()(n)(p ”"Xm)ﬂ](yv Yy, Y,)
AR R X, YRS AR BT A 2 N EEA, 2

2 2
O = HEWHS, Giititr = 5
o, S,

iE ids? = %Z(Xi - XY,

m—=1

~ F(m—l,n—l)mo

2

1 n

l)]lJn;—zlSl2 ~ 2’ (m=1) ’;_21 S, ~ 2’ (n=1)s

1 2

2 2
WO HE W F = U~ F(m—1,n-1)c
o, cS,’

EE1 O BRESAEX ~ N(,u,,crlz),Y~ N(uZ,Gzz),,ul,
#27 0-?7 G; i@ﬂf]ﬂi%ﬂ%ﬁ,(){]’){z, “"Xm)ﬂ:ﬂ(yls Yz; o Yn)
AR S X, Y AT A EL ST Y 2 AR 2
2
O R, WA

0,

()?_?)_(.Ul —,112)

’CI’I +m
Sco
cmn

~t(m+n—2),

(m=1)8} +c(n-1)S;
co,’

(m—-1)S?+c(n-1)8,
m+n—2

o

~xz(m+n—2)

sk = >

Sw \/C?l +m
cmn
3 AERHIR 2 AESSAHE
HIRIZR I 5 ]
1) RF 2 AN EA M 2R, B2
R MR R B, Sl R R

2 2 L2 2
H; o=0;, H;: o] 7 0%

g i

2

F=%~F(m—l,n—l)o

2
LR Hy: o1=05, TG
Hy: p=py, He py 7 15

o 95 48 it
(Xi~t(m+n—2),
Sm l+_
m n
g (m=)S7H(n-1)s,
¢ m+n-2

2) E 1), AT 2 MES BT 25 R A A

%ﬁ%,@%%%ﬁE%HwﬁﬁiﬂW€%mﬁ
BATE. MBCREAS P BEHLARE (B X B
m,, B YRR 0, WA TRE, TR
o7 o2 MK MARE T 52, 52 Fix=13x,

m] i=1

S I I TR B T
yzn_zy’_;Slz=;Z(xi—x)2’s22=n—2(yi—y)2o

1 i=1 1 i=1 1 i=1

B LA T A ASEE AT, 0 = SR ¢
SZ
BRI, HOTHIC 1 . R R

2 2

o, O,
Hy: 0.2 =¢> Hp: g #C;
2 2
K3 g1t
S2
F:C§ZZ~F(m—l,n—l)o (1)
LB A 4 6 35

w =[O,F;_g(m—l,n—1)]U(Fg(m—l,n—l),+ooJ .

2

AR H,, T RS o SR B AL S B — 8 23
THRERAG I ¢, HEHEZ H AL, FFE—2E Tk
K -



%300 R, B I 2 A B AR A R 1 103
Hy: p=ty, Hpe p, #1,5 LGS B 9 4 38
o g gt o W=[—oo,— g (m+n—2)JU(ta (m+n—2),+ooJo
(X-7) 2 2
— =~ 1(m+n-2), (2) HR 3 (1) Rt (2) i S, S RLT, TR
5o\ emn T4 0 BEAR TSR 15
e (m=1)S7 re(n-1)s, Y LRA ., AENRERIORIE T . 4T 2 MES &
A e S— AL TS R 30 521 1 O R T

IEA AT

(xl’ Xp 770 xm)~N(,ul, ”12)’ (yl’yl’ s ym)~N(;z:, ”12)

BEREIH,: 0?=c%,, H: o’ #0%;

S,
WIGEHRU = Slz ~F(m-1n-1);

%&iﬁ[ﬂ%(’”—lm—l)- Fom=Ln- 1)]

P i
BPLRERE o = L
55
EBRIRH,: p=pey, Hy: g #a0 1%%1‘&1‘3%HU:6—'::C . HI:G_IL;#C;
o, o,
X=7)Jmn(m+n-2) 5
gt U= ( ~t(m+n=-2); I S )
J[(m71)512 +(n71)522](m+n) *ﬁl\zﬁﬁ‘EU—cSw: F(m*Ln*l)’
*%’i“f!jl[tl_g (m-H'l—2),tZ (M+n—2)] s I:Fl?%(m—l,n—l) -F%(m—l.n—l)]
1&&1&*&3&]‘[0: H=ys Hys o # s
i [
L (X-T)ammTD
Kbt 8 U= ~t(m+n=2);
\/(cn+m)[(mfl)Slz+c(n71)Sf]
#%é%ﬂi[tl_z (m+n—2),tg(m+n—2)]

Bl MEREE T2 ESSEHENRERERE

Fig. 1 Flowchart of hypothesis test of the means of two normal populations in the case of small samples
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Appendix I Monthly income table of 250 men and 250 women

Ordinal Sex Income Ordinal Sex Income Ordinal Sex Income Ordinal Sex Income
1 Female 3 800 8 Male 16 500 15 Male 1 400 22 Male 31 400
2 Male 14 300 9 Female 15 000 16 Male 1200 23 Female 21700
3 Female 22 300 10 Male 35900 17 Female 25500 24 Male 21 000
4 Male 24 300 11 Female 12 400 18 Female 15 400 25 Male 30 500
5 Female 12 400 12 Female 11 100 19 Male 18 200 26 Male 24 500
6 Female 6 600 13 Female 8 300 20 Female 9 000 27 Male 2 400
7 Male 18 800 14 Female 31900 21 Male 31100 28 Female 34 200
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Ordinal Sex Income Ordinal Sex Income Ordinal Sex Income Ordinal Sex Income
29 Male 27 400 93 Female 2 500 157 Female 26 600 221 Male 19 500
30 Male 28 600 94 Male 4 600 158 Male 48 100 222 Female 26 900
31 Male 31 400 95 Male 11 300 159 Male 17 200 223 Male 34 600
32 Female 1 800 96 Female 7 800 160 Female 15 800 224 Female 20 900
33 Male 23 300 97 Male 14 600 161 Female 4900 225 Female 30 400
34 Female 7300 98 Male 21 800 162 Male 8 700 226 Female 19 400
35 Male 1200 99 Male 16 100 163 Male 56 500 227 Male 10 800
36 Male 14 500 100 Female 18 900 164 Male 25 600 228 Male 43 800
37 Female 11 600 101 Female 2 800 165 Female 15 600 229 Male 14 800
38 Female 23 700 102 Male 34 200 166 Male 32 900 230 Male 7 800
39 Male 9900 103 Female 28 800 167 Male 52 600 231 Male 17 500
40 Female 9 800 104 Male 17 500 168 Female 12 600 232 Female 37 100
41 Female 19 900 105 Male 27 200 169 Female 10 800 233 Male 40 900
42 Male 20 800 106 Male 19 800 170 Female 18 400 234 Female 13 600
43 Female 13 000 107 Female 28 800 171 Male 17 800 235 Male 14 300
44 Male 26 800 108 Female 9900 172 Male 6 500 236 Male 14 500
45 Female 16 500 109 Female 9 500 173 Male 9 800 237 Male 16 500
46 Female 11 100 110 Female 31500 174 Male 55300 238 Male 18 900
47 Female 26 200 111 Male 19 200 175 Male 13 700 239 Female 26 100
48 Male 18 600 112 Male 13 300 176 Female 24 300 240 Male 11300
49 Male 8 300 113 Female 15100 177 Female 3000 241 Male 16 200
50 Male 16 500 114 Female 6900 178 Female 8 800 242 Male 6900
51 Male 9200 115 Male 23 000 179 Male 19 000 243 Female 16 100
52 Female 2900 116 Female 11 500 180 Female 23 600 244 Female 5100
53 Male 45300 117 Female 32 500 181 Male 13 300 245 Female 2 000
54 Female 27 400 118 Male 30 400 182 Male 6 700 246 Female 19 000
55 Male 12 300 119 Female 21 400 183 Female 23 000 247 Male 7 700
56 Female 5600 120 Male 11 900 184 Female 29 300 248 Male 32 300
57 Male 10 300 121 Male 29 000 185 Male 9 400 249 Female 16 300
58 Female 36 100 122 Male 26 900 186 Male 42 000 250 Female 5100
59 Female 23 500 123 Female 21 800 187 Female 12 200 251 Male 20 300
60 Female 4400 124 Male 15 600 188 Male 21 000 252 Male 23 800
61 Male 23 300 125 Female 23 000 189 Female 6 000 253 Male 27 100
62 Female 20 000 126 Female 18 700 190 Female 4 800 254 Female 12 300
63 Female 8 400 127 Female 10 000 191 Male 35300 255 Female 15000
64 Female 24 500 128 Female 9 400 192 Male 34 900 256 Female 29 200
65 Female 33200 129 Male 14 000 193 Male 28 700 257 Female 27 100
66 Female 4900 130 Male 8 800 194 Male 28 000 258 Male 27 500
67 Male 12 500 131 Male 600 195 Female 12 000 259 Female 25 600
68 Male 17 700 132 Female 22 600 196 Male 20 300 260 Female 24 600
69 Male 11 400 133 Male 46 300 197 Female 4700 261 Male 26 500
70 Female 39 600 134 Female 10 200 198 Male 22 500 262 Female 8200
71 Female 16 000 135 Female 26 000 199 Male 32 600 263 Female 23 600
72 Male 8 000 136 Male 6 800 200 Female 1 400 264 Female 13 300
73 Female 23 800 137 Female 8 400 201 Male 40 900 265 Male 10 900
74 Female 23 300 138 Male 17 600 202 Male 23 800 266 Female 6 800
75 Male 51 000 139 Male 51 000 203 Male 28 400 267 Female 15900
76 Female 15 400 140 Female 23 100 204 Male 24 300 268 Male 7 000
77 Female 16 500 141 Female 10 200 205 Male 37 100 269 Female 18 400
78 Male 22 600 142 Male 12 400 206 Female 18 600 270 Male 7900
79 Female 4900 143 Female 1100 207 Male 18 800 271 Female 22 000
80 Female 22 100 144 Female 13 100 208 Male 4 400 272 Female 11 800
81 Female 9300 145 Male 31 400 209 Male 25700 273 Male 35100
82 Female 29 700 146 Male 22 900 210 Female 13 600 274 Male 5300
83 Female 13 800 147 Female 8900 211 Female 15 000 275 Female 18 200
84 Female 16 800 148 Female 11 700 212 Male 7 000 276 Female 10 800
85 Male 1700 149 Male 13 000 213 Male 20 900 2717 Male 15200
86 Female 12 900 150 Female 23 100 214 Female 22 700 278 Male 27900
87 Male 4200 151 Male 9500 215 Male 14 300 279 Female 31200
88 Male 22 800 152 Male 23900 216 Female 26 100 280 Female 29 500
89 Female 3900 153 Male 37 200 217 Female 26 600 281 Female 3200
90 Female 19 000 154 Male 28 100 218 Female 20 100 282 Female 3400
91 Male 28 800 155 Male 18 200 219 Female 3700 283 Female 14 500
92 Male 39 400 156 Male 40 200 220 Male 39 400 284 Male 27 500
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Ordinal Sex Income Ordinal Sex Income Ordinal Sex Income Ordinal Sex Income
285 Male 6 000 339 Female 14 200 393 Female 19 000 447 Male 14 100
286 Female 4400 340 Female 21 900 394 Male 2 600 448 Male 35100
287 Female 14 400 341 Female 8900 395 Female 17 100 449 Female 18 200
288 Female 16 200 342 Male 35900 396 Female 21 500 450 Male 1200
289 Female 3600 343 Male 44 500 397 Male 19 800 451 Male 46 900
290 Male 20 100 344 Female 23 200 398 Male 6 700 452 Female 21 300
291 Male 18 500 345 Female 14 400 399 Male 19 400 453 Female 27 300
292 Female 14 400 346 Male 39 400 400 Male 40 000 454 Male 4100
293 Male 45 600 347 Male 29 400 401 Male 30 300 455 Male 32 700
294 Male 28 600 348 Male 13100 402 Male 25 400 456 Female 22 200
295 Female 22 100 349 Male 15 700 403 Female 17 200 457 Male 34 300
296 Female 4700 350 Male 37 200 404 Female 2 700 458 Female 40 900
297 Female 5500 351 Female 13 900 405 Male 3200 459 Female 2 600
298 Female 27 500 352 Female 18 200 406 Male 25 400 460 Female 800
299 Female 7 100 353 Male 36 400 407 Male 20 600 461 Male 1500
300 Male 41 100 354 Male 14 600 408 Male 11 900 462 Male 18 600
301 Male 12 100 355 Female 5 800 409 Male 21 800 463 Male 22 600
302 Female 14 800 356 Male 24 300 410 Female 27 600 464 Female 19 300
303 Male 23 800 357 Female 11 200 411 Female 1500 465 Female 8 300
304 Female 15200 358 Female 15 800 412 Male 4200 466 Male 21100
305 Male 33 600 359 Female 7 100 413 Male 44 400 467 Male 29 800
306 Female 29 900 360 Male 19 800 414 Female 13 000 468 Female 3500
307 Female 31 800 361 Female 9 000 415 Female 21 100 469 Male 39 400
308 Female 23200 362 Female 15 600 416 Female 8200 470 Male 4900
309 Female 15100 363 Female 16 500 417 Male 16 800 471 Male 14 200
310 Female 28 200 364 Male 27 600 418 Female 8 800 472 Male 40 500
311 Male 19 800 365 Male 58 700 419 Male 23 700 473 Female 200
312 Female 17 100 366 Male 28 300 420 Female 20 900 474 Male 37 700
313 Female 1200 367 Male 12 800 421 Female 19 000 475 Female 17 700
314 Male 2900 368 Female 11 800 422 Male 29 600 476 Male 18 000
315 Female 15 700 369 Female 38 800 423 Male 16 900 477 Female 2 800
316 Female 32 400 370 Male 37 300 424 Female 15 400 478 Male 8 400
317 Female 22 500 371 Female 12 800 425 Female 13 000 479 Female 2 400
318 Male 1700 372 Male 14 400 426 Female 24 700 480 Male 31200
319 Female 9300 373 Female 28 800 427 Male 1 000 481 Female 4900
320 Female 28 800 374 Female 6 600 428 Male 39 800 482 Female 25 800
321 Female 18 400 375 Male 30 600 429 Male 1 400 483 Male 16 700
322 Male 30 400 376 Female 20 500 430 Male 4900 484 Female 10 500
323 Female 17 000 377 Female 21 100 431 Male 31 000 485 Male 7700
324 Male 43 300 378 Female 19 300 432 Male 17 400 486 Male 23 300
325 Female 1300 379 Male 7 700 433 Female 32 700 487 Male 30 200
326 Male 8 500 380 Male 25200 434 Female 32 000 488 Female 21100
327 Female 21 300 381 Male 37 500 435 Female 16 500 489 Male 18 500
328 Male 1100 382 Male 9 400 436 Female 33 500 490 Male 38 500
329 Female 22 000 383 Male 45100 437 Male 24 500 491 Female 8 100
330 Male 30 700 384 Male 12 800 438 Female 21 600 492 Male 2500
331 Male 36 700 385 Female 15 300 439 Female 17 300 493 Male 55700
332 Male 18 600 386 Male 600 440 Female 29 000 494 Male 27 200
333 Male 18 700 387 Male 15300 441 Male 44 300 495 Female 20 700
334 Female 25200 388 Female 20 000 442 Female 1200 496 Female 36 100
335 Female 27 700 389 Male 22 900 443 Female 19 400 497 Female 13 200
336 Male 1400 390 Female 23 800 444 Female 13 100 498 Female 16 800
337 Female 14 600 391 Male 19 000 445 Female 17 200 499 Male 26 200
338 Female 6 700 392 Female 14 100 446 Male 18 100 500 Male 29 000
MR 1 fun_1~fun_5 A MATLAB 2% &

1) IEASER S PR fun_1
function [h]=fun_1(x)
[muhat,sigmahat,muci,sigmaci]=normfit(x);
h=kstest((x-muhat)./sigmahat); %iR [FI{E h=0, F/~
FEAR R IEZS 0 A 5 AR BIE h=1, FRFEARRRMIE

2 ) KEEAMBAG I H p=p,, Hy p1, # p, BRI fun 2
function [h,ci,stat]=fun_2(x,y,alpha)

m=length(x);

n=length(y);

sl 2=var(x);
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s2 2=var(y);

xbar=mean(x);

ybar=mean(y);
stat=(xbar-ybar)/sqrt(s1_2/m+s2 2/n); % K:Je4cit

il

cl=norminv(alpha/2,0,1);
c2=norminv(1-alpha/1,0,1);
ci=[cl,c2]; %iEZik
if stat>cl & stat<c2

h=0; % &2 Jsfiix

else
h=1; % fH4s 5Bk
end

3) /IMEARIER R H: 07 =0,, H,: 67, #07,, M
M fun 3

function [h,ci,stat]=fun_3(x,y,alpha)

nl=length(x);

n2=length(y);

sl 2=var(x);

s2_2=var(y);

stat=s1 2/s2 2; % KBS iT &

cl=finv(alpha/2,n1-1,n2-1);

c2=finv(1-alpha/2,n1-1,n2-1);

ci=[cl,c2]; %iEZI

if stat>cl &stat<c2

h=0; % 4552 )ik

else
h=1; % 4 )sifiik
end
o 2 o 2
4) INFEARABRG IS H,: G_;z =¢, H;: ? # CRRIEL
fun 4

function [h,ci,stat]=fun_4(x,y,alpha,c)

nl=length(x);
n2=length(y);
sl 2=var(x);
s2 2=var(y);
stat=s1 2/(c*s2 2); % fifugiili
cl=finv(alpha/2,n1-1,n2-1);
c2=finv(1l-alpha/2,n1-1,n2-1);
ci=[c1,c2]; %%
if stat>cl & stat<c2

h=0; % 32 it

else
h=1; % 4R Rk
end

5) /INEAMBR AL HO: =, H,: p, #p, PREK
fun_5

function [h,ci,stat]=fun_5(x,y,alpha,c)

m=length(x);

n=length(y);

sl 2=var(x);

s2 2=var(y);

xbar=mean(x);

ybar=mean(y);

stat=(xbar-ybar)*sqrt(m*n*(m+n-2))/sqrt((c*n+m)*
((m-1)*s1_2/c+(n-1)*s2_2)); %Kit

cl=tinv(alpha/2,m+n-2);

c2=tinv(1-alpha/2,m+n-2);

ci=[cl,c2]; %IEXIH,

if stat>cl & stat<c2

h=0; % 32 It

else
h=1; % 4Rk
end



