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2.667
2.667
2.667
2.667

m

30
35
35
30
35
30
30
30
30
30
30
30
35
35
30
30
30
35
30
30
30
30
30
30
35
35
30
30
30
30

[51)
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) £3.1EBEBEm=30,350k &, FNEFNE000 LD —ATELENE) RDD% Y
3alb—YarTHREDIDOTHD, BESETIEMNIOLZDAITEY AN LTHbD. m = 35
TIE 8 ZADAD AL 30 MEDOHIZA B o

ZOETNIZED S BHEAY0,1,2,3, 4 TRIDT HHERF—FRIC02 2956, EHRr X e#HE
(3.12)  E(X)=2
V(X)=E(x-2)"
=(2*+1+142%) 02
2

L7t T BATH X= 0 D7 X, ORIz 113
(3.13)  E(X)=2
V(X)=2/m

JVI(X) =/2/m
=0.25819, m =30
=0.23904, m =35

B, [5] ¥ Ial—Ya ryoRElx
(3.14)

1.99668, s.d.=0.25807, m =30
=1.99721, sd.=023909, m =35

X
X
725 (3.13), (3.14) FEL—FHLTV2DPbh b,

LD ZATHBERRERIZOVT ERS 3042 HXREE, m=30 251222 4 A>720 m=30D
LA, MEFRIZ 22/5000‘ m=30,35CHIZ22:8 Lo T2, [5] E—HOMEELEET 255
COHILIIBVWTY

m =30, py=08
Pr(T=4)=p=05, Pr(T=3)=q=05

HERRE mp>b5, mg>b5, p=rim T



(3.15)

Pr([)>0.8|m:30)

1-Pr ﬁ§0.8|m:30)
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=1-Pr(r=<08m|m=30)
—1—Pr r—mp+0.5§0.8m—mp+0.5
/mpq /mpq
C1_pr z§30-0.3+02:5
30(05)

-fionfe 22

9.5
=P _Jo
r[z> 0-5/%]

= Pr (2> 3.46890)
=0.000260

L7 hs 0.000260 1% [6] 12Xk B, (3.15) OMEZRIT [5] @0.00440 L3875, m=35T

(3.16) Pr<[>>0,8|m:35)

=Pr|z

N 35 - 0.3+0.5|
2
/35(05)

=Pr(z>3.71867)

=0.0000996

Z?0.0000996 B [5] @ 0.0016 &ixF% b, LALLIZ10:26T [5] @8:22 2 X —HLT
W5, 2ODETINVTIHERZDL DOV L) DRIGTBBRLLEPHTHL, 20D, 2HHATY =
0.5 DL &, GPA OWIFHE. 7Bk

(317  E(X

ThY, ) [5] O X O5EE 2/m 725 S REO PSR 2 HET VTR 20N E L %5
DIFHBRTH 5,

EZAHT2HDr—ATm =300k &, LIRS [5] 0 0.0044 127% % & 9 Oz 5K
TILEEZ D,
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(3.18)  Pr(z>a)=0.00440
Da &FHEITEE V. 72720 p=05, HEH,ZT

(3.19) _30(py=p) +05

30(05)°
~30(po—p)+05

0.5,/30

30(po-05)+0.5

0.5,/30
THO. p oV THRL &
(3.20)

Pr|z

] =0.00440

_05/30a-05
=3

= {”""30”_1 + 1} .05

0.5

30
TZTalda=262. 29 LT pld p=072250 L %5 %,
m =35 CHBIOfEIX LD %5725 9 2
(321)  Pr(z>b)=0.00160
LLTIheE@lE
(3.22)

ﬁ%b—1+4

Pb=05{ 35
b=2.95 (MEHEE [6])
M py=073503 L o TINITEED py=072250 £ HF D BT\,
DFNEAEMBREIINp =05DE E m =30 TGPA(THLA2dD)H0.72250 % 2 HHEHRIE
0.00440. m =35 T 0.73503 & Z 2 A HfE=E1Z 0.00160 TH 5.
FTTICHTV2 L) IThNDNDETF NV TIE T<2 1A,
Pr(T=4)=p
Pr(T=3)=¢q=1-p
Thbo ZNIEREMHEONEZ X RT,
)i, [5] OEFNVIIBBFELEZEZLLDOTHY ., GPA KV, F/ [5] F¥yIal—
TavOARIHEHLDOTH I BRL D> TUTZOLEOMGmEEHLTEI ),
DF. EBEMNEZT AL 2E 2%, (WALIBHEbH>TIITEMEEZ LAV, F2bLo
BATDSIRRIED SHIEDOERIEH F 0 v, (R [3]1))o
m=307T [5] OBHRMIL2667. €9 LTEKE X L#E, EUMRELEHR TS L



(3.23)  Pr(X>2667|(m=30))

=Pr(z>258327)
=0.00494

EBo m=35122W T

(324 Pr (X >2.686(m = 35)

_pe| X=2 0686
J/2/35° /2/35

= Pr(z>2.86974)

= 0.0020524
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S TIEBERAE L2 E 01249 : 20, )i [5]DHIE22: 8 TH B ¥ Ial—Y a3l kB0
DX FEMTIEm =300, %X 27000 it 1%000:0.0036 . m = 35T 0.714 bl ki
%OOO =0.0012Th %, M. FHEBUC L 2 FHHESRIE m = 30,35 126 LT

(3.25) Pr[pMKm:so)]
/2/m

A%

:Pr[z> 0.7 ]

/5730
=Pr(z>2.71108)
=0.003364

(3.26) Pr[z> 271422 - 35)]
/2/m

A%

:Pr[z> 0.714 ]

/2/35
= Pr(z>2.98687)
=0.0013949

Ehb, UEREBEHTLERI 20551245,
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®3.2 YIalb—-rar [5] EEREMCKS LRAREROHE

m = 30 m =35
B 2.667 2.700 2.686 2.714
Y3al—var [5] 0.00440 0.00360 0.00160 0.00120
AL 0.00494 0.00336 0.00205 0.00139

[5] DI BETFNIZOWTEIALRDIDEEZLZLENTE L, ~RICZOYHOHEIZ

(3.27)

E(X):Z/lejpj, Z/ZIPFL 0<pj<l

=p
V(X)=E(X-p)’

s 2

= Z,»:1<xf_ﬂ) Dj
(ZZTx 20 ) BIEEET) . 725 sz‘lzf"flxj@%—xymsc
E(X) = VIX) =3 37 (X5 p) X
THb, [5] ODF—ATs=5, x,=0, x5=1, x3=2, x,=3, x5=4, p;=
E(XF(Z‘U 1xj).o.zzz
V(X):Zj: (x,—2) 0.2/m

:0.2{2 +1 }.2/m

=2/m
LIATHOBIE LTHMIBIEHE LTH, MimOMEIVNSS 25 E)%bo,
p1=01, ps=02, p3=04, p,=02, ps= 01%%zétv X) &

V(X) 2{(0 2)".0.1+( OZ}/m

=2{04+02}/m

=12/m
Lo TIDT—ADFHITEV/INEL b, WFEHERICK 2 BEIRY 5171
SAEDOHFINER ZE D D DHE 0,

[FAES

DOWTIEMZ

) LR T 55 —ATlEm=30,35 TLUFERIZIENENRKRD L) ITh b, ERx X L#ELL
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(3.28) Pr(X'> 2,667|m:30)

J12/m /1230
=Pr(z>3.33500)
=0.00042

_Pr[ X'-2 0667 ]

(3.29)  Pr(X'>2686|m=35)

X-2 __0686
[/12/m /12/35]

= Pr|z> 20686
/1.2/35

= Pr (2> 3.70482)
=0.00011

Pr(X'>2667|m =35)

_Pr[z> 0.667 ]

/12/35
=Pr(z>360221)
=0.00016

U FEOREZEMLTEKI. JIIRTIENTE S,

®3.3 EL390WICHT 5 LBIRESE

B H ¥ m =30 m =35 m =35
B 2.667 2.667 2.686

V(X)=2/m 60440 0.00160
vial—vav

VIX)=2m 6 60494 0.00205
EHERL

V(X)=12m 00042 0.00016 0.00011
EHLERL

I DOWT
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) IRET20MmHB—Ksr—2 [5] Tldm =30, 35 TEM 30 MICIZZFREN 22 4. 8ADA
b LOPLBETEHANX =2128ERL, X=0,4% L 5REI/NsneEE, B30 VONE

dm=230,35T4:1DEHFHhS, T2 BBEFAEOBIENREIFH—THIUL, Bk

LTBEBHHBZZ 352 L3N0 MBERT L —ATI D o T ) AR5,
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Some Statistical Properties
For Grade Point Averge Systems

Yusaku KATAOKA
Seung-Joon PARK

Abstract
To illustrate use of GPA systems in measurement of academic achievement we next examine two
examples.
1) Binomial trial
Consider n(t) binomial trials with success(S) probability p. More specifically let T(t, r) be scores of an
individual t associated with a subject r such that
T, r)=4-p
3+ q=1-p
with 0 < p<1, or
X, r)=T(,r)-3=1"p
0 q
and
S()=X(t, D+X(t, 2)+, ==+, +X(t, n(t)).

Then GPA(t) of the individual t is 3+n(t, 4)/n(t) where n(t, 4) is the number of S's appearing in a
sample point. We study what happens to GPA(t) for n(1)<n(2) and some p. The following exact
inequalities 1), 2) hold simultaneously, i.e.,

1) GPA(1)>GPA(2)
2) Pr(S(1)>n(1, 4))>Pr(S(2)>n(2, 4)),
which tell us that the GPA systems are irrelevant to rigorous assessment of academic achievement for

n(1) #n(2).

2) Multinomial trial

Suppose that scores X(t, j, i)can take on v(=0, 1,-**,4) with probabilities p(v)=0.2 for t, j and i. Defining
_ m(t

*) X(t, j):z_ 7(1)X(t, j, D/m(t) for m(t)(the number of subjects) with t=1, 2, formula *) is the GPA of

an individual j that belongs to the population t. Let m(1)=30 and m(2)=35. Then an simulation as well
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as normal approximation theorem yields the assertions Pr(X(1, j)>2.667)=0.0044 and Pr(X(2, j)>

2.667)=0.0016, which in turn imply that the population 2 suffers an unreasonable loss in measurement

of academic achievement.

Keywords : GPA, binomial distribution, multinomial distribution, normal approximation, simulation



