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Centering around the Central Limit Theorem
—The Educational Efficiency of T-Score——

Shingo HAYASHI

Abstract
The function f : x—e " (—c0<x <o) representing a symmetrical hanging graph about

—c0

the straight line x=0 is / we‘xzdx=\/5 . It deduces the continuous variable Z probability

density function p(z)=e **?//2r (—o0< z2< ) according to N(0, 12), the standard normal
distribution. I deduce the variable X probability density function
f(x)=e "M% foxo (—oo<x< o), (g>0)

according to N(m, 0°), the normal distribution from the relation between the continuous
variable Z probability density function and the discrete variable X probability density
function

pr(x)=ncp*(1=p)"* (x=0,1,2,-,n), (0<p=1)
according to the binominal distribution.
Using these functions, I analyze the Z-score : z=(x— ¥)/s which is used as the standard-
ized raw score in the fields of pedagogy and psychology nowadays and the 7 -score: t=
50+10(x — ¥ )/s which is ofen used at lessons as the practical application on the basis of the
central limit theorem

limP(a= /n(% —y)/agﬂ)=fp(z)dz

(# : population mean, ¢ ' population variance and X : sample mean) consisting in the
connection betwoon the population and the sample. I conclude by considering the mathe-
matical significance and educational efficiency for the practical application.
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p(z)=e 2/ 2x (—oo<z<) e (1)

nxBREELT sn=£msin"xdx LB &

w2 . n/2 X
sn=(n—1)£ sm’"zxa’x—(n—l)[; sin"xdx=(n—1)sn-2—(n—1)sx»
Sn:{(n_l)/n}sn—z (n§2), so=zr/2, si=1

s2n=02n—1)2n—3)+-+--+1- 7/2n(2m—2) 0 02:2, e D
Sone1=2m(21m— D) eeere 2/@n+1)(2n—1)-+-+3, e ®
{7{/2}{32"+1/32n}=2.2.4.4........Zn.gn/1.3.3.5........(zn_l)(z,,ﬁ_l)’ ...... @

0<x<7/2 15 0<sin® ' x<sin*x<sin®*'x X b
0< 82041 <820 < S27-1

1<527!/5271+1<52n+1/52n:(2n+1)/2h l,llfn Sons1fSan=1 e @
r/2= 112020/ (20 —1)(2n+1) (Wallis D ARK) +++©®
D, @ 135 snfsenni=n/(dn+2) 1225 Son+1¥S2enfS2n1 =V r[(4n+2)
WxIZ® Xb
‘/;/Z:I,HEMSZHI ...... ®

/2 1
x % cosx & B 32n+1:[)‘ sin®**'x dxzﬁ (1—x®)"dx

/2 o
x % cotx B Szn—Z:'/o‘ sin” % x dx=£ 1/(1+x®)"dx

o Tet=1+x+x%e%2 (0<0<1) I h 1-x'<e™
e >1+x* LY e <1/(1+x%) KE2b

xF078b 1—x<e <1/(1+x%) @z I=fe-x2dx=mfome-"x2dx EBIE

Vi [ty <1<V [ 1A+ de TS Tasen <T< sy
@, @ I D Lilafﬁ82n+l=1’lilgﬁ~92n-2:ﬁ/2 R IZN/%/Z

,/_‘memxzdxzz./:oe—xz dx:x/; ...... @(m)

oo

M2)=e #1221 (—oo<z<0) EFThiF p(z) 1% (e, Al B WTEMTH Y, p(2)202
@ DEERERT

[:p(Z)dz=1/m£:e‘zz’2 dz=V2z[2x=1
P(as2sf)= [ p(2)dz £Fhi p2) & Z OREBEBIM pdf k750, Z OFHE
E(2)= [ ap(2)dz=1/2 [ ze"dz=0 (" #BIK)
i V(Z)=EUZ - EQZWI=EZ)= [ #pddz= [ {28 dz

=[-'zp(z)]°_°w+_/::p(z)dz=1
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pdfZ=p(z) TH B Z D57 (BEERSM) % N(,1) LBEELT 5.
f(x)=e ™29 P e (—oco<x<o) e (2)
f(x) X (a, b) B TEFETH Y, f(0)2002>Q@ DERELAH T
[ r@adx= [ e/ amde= [ p2)de=1
P(asx=b)= [ f(x)dx &+ pdfX =f(x)
T4 E(X)= [ 2/ (0)de=1/V2x [ (m+az)e " de=m

S8 VIX)= f " m)f () dx=1/47x f "5 2 p(2)da= 0"
E¥REZE  D(X)=0
pdfX=f(x) TH 5 X O 5 (IEHR5D M
% N(m, 0%) LBEEET 5,

— I pdfX =f(x), 2= h(x) THBEAK x
=" R)BEET B b pdfZ=g(2)=
(o) dxfdt | )xen-1y THB DD

X M N(m, 6) wHE>5 e b : - [ [

Z=(X-m)ox NO,1) gL, 7 fomerroms

Z=aX+b X Nlam+b, a’c? (®1)
AZRESH, e (3)
p(x)=rcxp™q"* (x=0,1,2,--, ), (0Sp<1,g=1—p) «eene (4)

2HG M2 THRBERER X oW, nBORTDOS, TOBEZENEZ 2E Y x: &
T35 & P(X=x)=palx:) 5, The p:(1=0,1,2,,n) &T5& Zp=17T
¥4 E(X)=Zxpi—=np |
G # V[X]:E[(X_E[X])z]: 03 'l'\n=10
E(XY)—(E(X))}=np(1—p)=npq ;
BRRE . D(X)=Vnpq :

2| A% Bn, p) LHET 5. TV
Lim pa(x) /p(2)=1 A1 LT N
5 0.1 ’,' \“ ' R’ \\\ \‘
lim P(a<(x—np)/Vnpa <B)= l (2)dz I % J r AN
(A. de Moivre—P. S. Laplace D[R EH) 0'1 - : “hand T‘I*-- Bt SN X

15 20
i & - T lim B(n, p)=N(0,1) (m2]

(K212 B(n,1/6) D75 7 THBN, n>30 K bWT2HESMAERSAMIC L < FLT 5,
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— %1z B(n, p) 1T p<05, np>5 ThIUE, 77 b X < N(np, npg) Wi+ s L HNHEEH
50, ZFEBEL TP 0FZ1 00, ik hEuvE X, EHRRAET, #=15~20 < b\
T, LW PAELRD, pAR0RLIGHEVEEX n Il h KEL RIFER By ®D L
W TN A,

BEMeHEx e (5)

N p, SRS DRBERA (KX I N)S, SV A A nBOEAYIEETHE L E D&
REHN X, BRAGEE " H 5B L

EX)=p VIX)=(mN-n/N-1) e o
WEREFADOL X, TLRIERBEATCL I VA2 ETHEY T2 L 212
im(N—=n)/(N-D=1 kb V(X)=6*m o )
n/(n—1}s?’=u? &35 & E(UH=8 e ®
MNEEB E B,
ch HERR TR OB R IS
limPasVn(z— w62 @)= [ Moz e (6)

72120 p(2)=e*"?]2nr (—o0< z< )
F=1nBx, wEX, p3RFY, 8RB

GD®, @1y EX)=y VIXI=3mTELTE nDHIEIBREKLD),
B ¢ R EAEY x HOHETHIE 012X D
p=x+t196X06/Vn (HEKES%)
pu=x+£258%x8/Vn (HEKEL%)
THHINESBHE & BRmThHIE, BAGEH S TRALATAI LSRG, X OfEX
GAED B(m, p) RN, p=1/6 T2 5 (4) DFEHRIH #>30 K LTI W EEZ bR D, ROERE
FEOFRHICEVT, HHBRE n B’ KEL AT, FEHIRIEI LI,

RIEE X OBRSAE, BESRK MO)=E(e™)=Ne™p ¥1ix [ ™) 45 %

RE—BREETH® ThiEd X oOBRGFOLHIWCE b, BAOEEMRIERK » Off
Y ooTREE-TL 5B,
BEABB VI BE, X BEVICHILCIERSM NOm, 0°) TS e b, ThhrbFEo7%k n
BEOBRARDEARAFEY & 122\ T
t=Vn—1(x—m)s (S TEXRDHE, n IBEEK)
RERIE, ¢ IXRERBEEK ’

HO=0/ =N ()M (=D /D (=10} ™ (BB n—1)
Dt ofET AN, FlE, AEEEER) »L, B EEF) ORI ZHETL L, R
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UXBRET A EDLDOBEICRI =10 bWTH+HEELLRS,
T XA7P— . t=50+10(x—x)/s iz D\ T

FNTAMORK x & E(X])=50, V(X)=10* cBEAL L, Dt BEY, 28505
TLeHH®), The 2BRO05HNERTHIE, Thi tBELGHE) 2 L4 H 5,
AR Tt CRONBACH®® 1\

ZAa7 = z=(RE-FHH)/(EHERFE)
T 2a7— [ t=50+10(F48—FH &)/ (BHFx)
ET5,

TALOFH [P, BERED, MBEOHELECY - TEb), ABBLBRELT, £4
DRET 65 TH > Th, B OFHEE L IEERFERR LT, MESE L E v 2 7o,
T 227 —ZBEATHER—-RETRETLZ Lt h, B BOME %X X 584
DAEENVBREI RS, €T, AIZEKREAYRAR LT, LVERE (2ASR) oW,
HEMCD 2BEOBRE (FHRDOE) RSB, T 227 — B LETHITRS
T,

BREDHFEHEL, TOTAIOFRECBRI >TLRERLTHH 500, iR
ﬁ&ﬁﬁ%%ﬁba@hf%,~m$%ﬁf5%um&&r+ﬁf%5i

—RET7TFFa—F e TRAME, ERDHETETREL, 79 —F AV L « 52 ETE
BROMALIRNZEDE G, RoT T 227 -3 0T LAERSATLERBORVTRED,
b LIEM A N(50, 10%) 12t 5 7o HiF

t<35 (6.68%), 35<¢<45 (24.17%), 45<t<55 (38.30%),
55<t<65 (24.17%), 65t (6.68%)

E7eh 5 BREFHME OB & LT (X)) B3 Cch 5.
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LTh, 2RARICLTH, BEFARRE GEBE 1 KENRBEUE & 2 kRABRBE & 2 e
L7 D) L DIRMHEBIGRBOMICERIIE > K EDLRT, WThoBs b IEMHEREGK
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RROBENAE LT, B EZHREL L - v AL, =V e —hEs - 5EBYE
EBZR® ZLThRETHA D,

FATALR, FEREOVHE, BERERFEEY, RBRUMEORSECES (RS, SREND
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MOXBELTLEY, BEEYMEL TREAHERX T LRBEDTAEEHTH S,

FIRB B OFEYEOERI OV TR, BEIREK®Y oM Tocker D HEEI X 53R HE 1 kR
Bo Tits, & "B, oRRMEMOZ, REORI DD HH, FIXIEELEFEILE
ThhE, Thix7vr—FTA LT, £2FRE BER) HCk} 2 &R RE BOFH A p
OB S RHEELT, h=50+Vn(x— )/ %ENEFLERER G ICIOVBFETHH, A
rDEEFLOREEBHTHS., 2O LHIRMEOEFEC I ABRONREE, TREFOF¥ENE
CEABEOREEN, LVCBREIRTVWHEHEETE S,

EAK EIRMBEOZRER) VHHBERET TN ORb ) ITEATH x, 62D b
WEALSE AWV, #n=100 LT, BAx% T 227 — [ t=50+10(x—%)/s &L EEEET
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