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Comparisons of the Quartile Formulae Given in High

School Text Books and Six Others

Abstract

The main purpose of this study is to explore the possible implications for different
definitions of quartiles taught in high schools. In addition, the two formulae are also
compared with six others that are found popular in literature according to their
performances under different distributions.

The main findings of the study are summarized as follows:

1. Differences are found in the calculation of quartile based on the definition used in
junior and senior high schools. Specifically, when the data size is N=4k+1 (k is a
positive integer), Q1 and Qs calculated using the formula taught in senior high
schools may not be same as the 25th and 75th percentiles, the way junior high
students are taught to calculate Q; and Qs;

2. Assuming that data come from five right-skewed distributions (x4, % Zao):

chi-squared distributions with degrees of freedom 1, 5, and 10, and Exp( A =10),
Exp(A=15), exponential distributions with means 10 and 15, and a symmetrical
distribution (normal distribution with mean 100 and standard deviation 10),
simulation studies are carried out to assess the performances of the eight formulae
in terms of bias, standard deviation, root mean square error and average relative
error. Generally speaking, no differences are found when the sample sizes are
large. Noticeable differences, on the other hand, are found under the situations of
small sample sizes, particularly when N=40, 41, 42, and 43. However, since the
performances varied dramatically, there appears no clear winner among the eight
formulae. Although the performances of the two formulae taught in junior high
and senior high schools scarcely perform as the “best”, they are easily understood,
and clearly appropriate for use in teaching high school students the concept of
quartiles.

Key words: Quartiles, Simulation studies
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3-2 ~ RMSE (IQR)

RMSE-IQR-2(1) RMSE-IQR-1, RMSE-IQR-X?,,

0.390 0.840

0.380 0820 - };};‘3

0.370 0.800 1.120

0.360 1110
2 0aso = 0780 | 2 ;:égg
Z 0340 : 0.760 e

0330 0740 1070

0220 0.720 tggg

0310 n=40 =4 n=42 n=43 o700 | n=40 n=41 n=42 n=43 Lo n=40 n=41 n=42 n=43
WAEl 0380 0368 0356 0352 =it 0815 | 0805 0769 0.790 AL 1134 1090 109 | 1123
mAE2 0363 0356 0350 0340 mASL2 0793 078 079 0.769 wiaf2 1097 1074 1089 | 108l
mAE3 035 032 0338 0335 =53 079 | 0798 0748 0770 AE3OL100 109 107 1O72
mis 036 03 0350 032 mistd 0793 0798 0759 0.790 mAE4 1097 109 1089 1123
w5 0363 0368 0350 032 A 0793 0805 079 079 =S 1097 109 1089 | 1123
ms6 0353 0355 0353 0352 =6 0802 0801 | 0782 0.79 w6 1108 1101 LI3L | 1123
2547 0363 0368 0350 0352 ST 0793 0805 0759 0.7% SART 1097 1090 1089 | 1123
wAFE 0363 0.352 0.350 0.335 "8 0793 0.798 0.759 0.770 w8 1097 1099 1.089 1.072

B 5-2-49 HU7HRER

A7

& 5-2-50 5 HRER

Are- [l 5-2-51

YRR -

QRT3 EC(E HIEE 1) - IQR-RJ553EC(H HIE 5)  IQR-KJ5 53 EC(H HIE 10)

RMSE-IQR-3=10 RMSE-IQR-2=15 RMSE-1QR-normal
2.650 4.100 2.550
2.600 4.000 2.500
2.550 3.900 2.450
2500 - 3.800 2.400
2 2450 2 3700 2 2350
Z 2400 Z 3600 E 2300
2.350 3.500 2.250
2.300 3.400 2.200
2250 - 3.300 2.150
| n=41 | _
Lin LA 3.824 3.800 3.863 nasl o 2477 2410 2395 2374
A2 A2 3849 3.736 3751 3679 mast2 2400 2371 2402 2.208
m A3 A3 3793 3.753 3.653 3.584 nAE3 2432 2424 2386 2305
A4 a4 3849 3753 3751 3863 msld 2400 2424 2,402 2374
mAFS RATS 3849 3824 3.751 3.863 maEs 2409 2410 2402 2374
w56 A6 3,791 3760 3,798 3.863 e 2468 2456 2520 2374
" A7 SART 3849 3824 3751 3.863 BT 2409 2410 2402 2374
A8 BAAS 3849 3753 3751 3.584 8 2409 2424 2402 2305

B 5-2-52 H7HnsE
IQR-FS S EE (M (481 10)

B 5-2-53 UM [ 5-2-54 #9U7IRE-IQR-H
IQR-EESTEC(M 8 15) RE(CFH9%5 100 - f2#E7 10)
FH & 5-2-49~5-2-54 L ELHRAT T -
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4~ AVRE (Q;)

AVRE-Q1-¢%;, AVRE-Q1-725, AVRE-Q1- 49
60.00% 13.80% 9.00%
50.00% 13.60% A.80%
13.40% B.50%
g 4000% B 13.20% g BA0%
% o % oo z
< 2000% < 1280% < 7a0%
e =
0.00% T T 12.20% T.20%
N=40  N=41 | N=42 N=43
Tl 46.71%  45.48% | 43.08% | 43.29% BT 12.77%  13.29% 12.78% 13.01% mhEl 833%  8.36%  8.48% 7.870%
2 48.18% 47.25% | 45.20% | 44.34% mE2 12.83%  13.42% 13.00% 12.92% w2 832% 8.33%  8.58%  7.799%
w3 50.32% 49.71%  46.61% | 45.98% wAEl3 13.14% 13.71% 12.94% 13.01% w3 8.46% 8.46% | 857% 7.869%
4 48.18% 49.71% | 45.20% | 43.29% mri4 12.83% 13.71% 13.00% 13.01% w4 832% 8.46%  8.58% 7.870%
w45 48.18% 45.48%  45.20%  43.29% w a5 12.83% 13.29% 13.00% 13.01% w5 832%  836% | 858% 7.870%
A6 46.02% 44.32%  41.22%  43.29% w506 12.94% 13.51% 13.41% 13.01% w76 850% 8.89% | 8.82% 7.870%
u 7 48.18% 45.48% | 45.20% | 43.29% w7 12.83% 13.29% 13.00% 13.01% 7 8.32%  8.36% | 8.58%  7.870%
38 48.18% 49.71%  45.20%  45.98% w508 12.83% 13.71% 13.00% 13.01% miA8 8.32% 8.46% | 8.58% 7.869%

[ 5-2-55 “PIIMHBSEREE- B 5-2-56 “FEYMHE RS- [ 5-2-57 PHEERRE-
Q-FAAB(HHE LD Q-RAZEEBEESD)  Qi-RA7E(HHE 10)

AvRE-Q1-3=10 AVRE-Q1-)3=15 AVRE-Q1-normal

26.50% 26.50% 1.900%

i o

25.00% 2550 800%
E 2450% E‘ 25.00% ) :::%
= 24.00% = 2450% % )
< 23.50% < 2400% < 1700%

23.00% -

22.50% 2350% 1.650%

22.00% T 23.00% T T 1.600% T

| N=40 | N=41 N=42 | N=43 N=40 | N=41 | N=42  N=43 N=40  N=41 | N=42  N=43

BT 25.23% | 23.45%  23.55% 23.86% w4701 24.48% | 24.46% | 24.03% 24.91% mE1 1.779% 1.768%  1.697% 1.838%
m 302 25.32% | 24.04%  24.18% 23.84% m:302) 24.82% | 25.06% | 24.64% 25.21% mEl2 1.753% 1.774%  1.713% 1.813%
A3 25.86% | 25.02% 24.58% 24.22% m473) 25.52% | 26.04% | 24.90% 25.98% A3 1.769% 1.812%  1.703% 1.814%
mha(4 25.32%  25.02% 24.18% 23.86% w4304 24.82% | 26.04% | 24.64% 24.91% mhzl4 1.753% 1.812%  1.713% 1.838%
m5E5 25.32%  23.45% 24.18% 23.86% w55 24.82% | 24.46% | 24.64% 24.91% whEls 1.753%  1.768% 1.713% 1.838%
m 5506 25.57%  23.55% 24.15% 23.86% w306 24.58% | 24.62%  24.71% 24.91% w4506 1.834% 1.845% 1.826% 1.838%
w7 25.32% | 23.45% 24.18%  23.86% #3307 24.82% | 24.46% | 24.64% 2491% w7 1.753% 1.768%  1.713% 1.838%
w438 25.32% | 25.02% | 24.18% 24.22% w5308 24.82% | 26.04% | 24.64% 25.98% w8 1.753% 1.812%  1.713% 1.814%
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4-1 ~ AVRE ( Q3)

AVRE-Q3-1%;,

24.00%

2350%
23.00%
2250%
22.00%
2150%
2100%
2050%
2000%
N=40 N=41

= Ned2  N=43
22.58% |
22.14% |
22.03%
22.03%
22.58% |
22.03%
22.58%
22.03%

AvRE

Bt 2353%
mE2 22.85%
BAR3 2258%

mid 22.85%
iS5 22.85%
mine 22.70%
A7 2285%
BAHE 22.85%

2169%
2161%
21.27%
21.61%
21.61%
21.61%
21.61%
21.61%

L"

\

D‘D‘

AVRE-Q3-2

N=42 N=43

NedD | N=d1

B0 1050% | 10.06% 973%  9.64%
mi:2 1032% | 10.08% 9.66%  9.45%
# 3 1030% | 10.19%  9.55%  9.39%
miite 1032%  10.19% 9.66%  9.64%
505 1032% | 10.16%  9.66% | 9.64%
W6 1042% | 10.09% 9.66%  9.64%
BAR7 1032% | 10.06%  9.66%  9.64%
BAHE 1032% | 10.09%  9.66%  9.39%

AVRE-Q3-1%

7.20%

T7.10%

T00%
E 6.90%
Z 6E0%
< 6.70%

6.60%

6.50%

N=40 N=41

BN 7.08%  7.02%  7.04% | 7.02%
BONE2 697%  6.97%  7.01% | 6.86%
BAE3 7.00%  7.04%  691% | 6.77%
B4 697%  7.04%  7.01% | 7.02%
EONES 697%  7.02%  7.01% | 7.02%
BAT6 712%  7.04%  7.01% | 7.02%
n 57 697%  7.02%  7.01% | 7.02%
B8 697%  7.04%  7.01% | 6.77%

& 5-2-61 ~FHH B R -

B 5-2-62 “PFHMH B -

B 5-2-63 ~F-HItE R -

- =
Qe RAFE(HHEE L) Q- RANBE(HEMES) QR 77EC(HHIE 10)
AVRE-Q3-2=10 AVRE-Q3-1=15 AVRE-Q3-normal
15.80% 16.50% 1.700%
i:m 16.00% 1.650%
B 1520% w 1550% g 100%
§ 15.00% E 15.00% E 1.550%
< 1480% < 14.50% < 1.500%
14.60%
14.40% 14.00% 1.450%
1420% 13.50% L400%

[ -40 N=41 = N=42  N=43 N=40 -417 -42 =4 N=40 N4l | -42 N=43
WAl 1521%  15.68%  15.70%  1532% miE 15.90% | 15.49%  15.27%  1547% 1 1648% 1620% 1573% 1521%
mA2 1481% 1545% | 15.51% 14.98% 03502 1551% | 15.24% 15.17% 14.89% W2 1630% 1617% 1580% 1.499%
BAA3 1471%  1546%  15.10% 14.79% B3| 1543% | 15.25% 14.82% 1452% B3 1637%  1633%  1568% 1498%
w4 1481%  1546%  1551%  1532% miE4) 1551% | 15.25%  15.07%  1547% w4 1630% 1633% 1580% 1521%
m4AS 1481% 15.68%  15.51%  1532% #35tS 1551% | 1549% 15.7% 1547% miES) 1630% 1620% 1580% 1521%
w6 14.85%  1546%  1551% 1532% w6 1564% | 1525% 15.17%  1547% mh6) 1664% 1633% 1580% 1521%
w7 1481%  1568%  1551%  1532% "7 1551% | 1549%  15.17%  1547% wiE7 1630% 1620% 1580% 1521%
H4A8 14.81%  15.46%  1551%  14.79% "i8) 1551% | 15.25%  15.17%  14.52% RS 1630% 1633% 1580% 1498%

B 5-2-64 SFHgE .
Qs-fEHT B (M 1585 10)

Qs-1EEIIHC(M {55 15)

FHfE 5-2-61 ~[@ 5-2-66 EELELFHYIT
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® /\H
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74

HAZ U 25 IR

JEJRAVERZ2 -



(2) f58UTHC
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4-2 ~ AVRE (IQR)

AVRE-IQR-7%;)
24.50%
24.00%
2350%
23.00%
22.50%
22.00%
21.50%
21.00%

AVRE

N=40
24.03%
2333%
23.08%
2333%
2333% |
2321% |
2333%
23.33% |

N=41
23.21%
22.76%
22.82%
22.82%
23.21%
22.81%
23.21%
22.82%

N=42
22.52%
22.47%
22.13%
22.47%
22.47% |
22.49% |
22.47%
22.47% |

N=43
22.88%
22.32%
22.13%
22.88%
22.88%
22.88%
22.88%
22.13%

| Pis-w]
m 2
L =]
m A4
mAES
m A6
LEAN-v)
LPaS=x]

AVRE-IQR-75
17.00%
16.50%
E 16.00%
: 15.50%
15.00%

1450%
N=40

16.53%
16.25%
16.41%
16.25%
16.25%
16.41%
16.25%
16.25%

N=41
15.79%
15.60%
15.95%
15.95%
15.79%
15.81%
15.79%
15.95%

N=42
15.54%
15.38%
15.20%
15.38%
15.38%
15.74%
15.38%
15.38%

N=43
15.93%
15.62%
15.76%
15.93%
15.93%
15.93%
15.93%
15.76%

| Easaw !
| FAS:vi
m A3
| Pasv]
B S
LR
waH7
w8

AVRE-IQR-7% 1,
15.80%
15.60%
15.40% -
15.20%
15.00%
14.80%
14.60%
14.40%

N=40
w1 15.60%
w2 1520%
B33 1533%
wiste 15.20%
msts 15.20%
w6 1548%
n A7 15.22%

AVRE

N=41
15.10%
15.00%
15.49%
15.49%
15.10%
15.25%
15.10%

N=42  N=43
15.148% 15.311%
115.149% 14.830%
15.063% 14.852%
15.149% 15311%
115.149% 15.311%
15.417% 15311%
15.149% 15.311%

w48 15.22%  15.49% 15.149% 14.852%

B 5-2-67 ‘It R -
IQR--KJ5 73 Hc(H FHFE 1)

B 5-2-68 - HH B R -
IQR-K75 73Hc(E FJE 5)

[ 5-2-69 SF-HAH Hf R -
IQR-K5 77 BC(E HifE 10)

AVRE-IQR-}=10
19.000%

18.500%

& 15.000%

-4

Z 1som
17.000%
16:500%

N=40 = N=41 = N=42 | N=43
WAF1 17.841% 18.50% 18.38% | 18.63%
w502 17.246% 18.24% 18.19% | 18.11%
H/4503 17.254% 1847% 17.82% | 17.95%
mA504 17.246% 1847% 18.19% | 18.63%
mAF5 17.246% 18.50% 18.19% | 18.63%
w3356 17.473% 18.28% 18.46%  18.63%
BT 17.246% 18.50% 18.19% | 18.63%
w5548 17.246% 18.47% 18.19% | 17.96%

AVRE-IQR-3=15

N=42 N=43

N=40  N=41
m5tl 1890%  18.26%
BAT2 1841%  17.94%
54503 1844% 1822%
B4 1841% 1822%
BATS 1841%  1826%
mA36 1850%  18.02%
WA 1841%  18.26%
BT 1841% 18.22%

1950%
19.00%
1850%
18.00%

AVRE

17.50%
17.00%

16.50%

18.16%
18.17%

17.80%
18.17%
18.17%
18.22%
18.17%
18.17%

18.39%
17.67%
17.37%
| 18.39%
| 18.39%

18.39%

18.39%
17.37%

AVRE-IQR-normal

NedD | NeA1 | N=42
BT 14.508% 13.945% 14.044% 13.898%
B3t 14205% 13.827% 14.180% 13.501%
53303 14.608% 14.292% 14.168% 13.633%
mAF4 18.295% 14.292% 14.180% 13.898%
#3305 14.205%  13.945% 14.180% 13.898%
B A6 14.613% 14.201% 14.632% 13.898%
w37 14295%  13.945% 14.180% 13.898%
B T8 18.295% 14.292% 14.180% 13.633%

14.800%
14.600%
14.400%
18.200%

= 14.000%

& 1380m

Z e
13.400%
13.200%
13000%
12.800%

N=43

BB 5-2-70 SIS AT -
IQR-$EHI5T (1 (4L 10)

B 5-2-71 SPHaffines- B 5-2-72 PR - I0R
IQR-FE# 57 L (A {487 16) H RE(F-H5%L 100,748 2 10)
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AN T
ANH— L = r(N+1)
Minitab ' * .
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