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A study was done to determine the differences of anthropometrics data among three ethnic populations
in Malaysia. Measurements were collected among 300 respondents representing 150 males and 150
females ranging from the age of 18 to 24 years. A total of thirty-three body dimensions were measured.
The statistical test includes, mean, standard deviation, standard error of mean, coefficient of variation,
minimum, maximum, 5th percentile, 50th percentile and 95th percentile for the various body dimension
were tabulated. ANOVA F using post-hoc Scheffe test were performed to determine the significant
differences between the means of anthropometric dimension and within the three ethnic’s. The result
shows that the significant differences (p<0.05) in most of the measurements taken between the three
ethnics and among the different genders respectively. The post-hoc Scheffe test indicated that the
Malay male’s have the largest body size compared to the Chinese and Indian. In addition, the Chinese
female’s have the largest body size compared to the Malay and Indian population. In the male and
female population, Indian and Malay have the smallest body size respectively. As a conclusion, the
results suggest that there are various body dimension differences between the ethnics in Malaysian
population and there is a need to consider ethnicity aspect when designing for the Malaysian
population.
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INTRODUCTION

Malaysia is located in Southeast Asia. It consists of West
Malaysia and East Malaysia which are divided by the
South China Sea. It is a multi-ethnic country with a total
population of 27.73 millions in 2008. The major ethnic in
this country are Malays, Chinese and Indians. In the
aspect of economic growth, Malaysia has recorded an

*Corresponding author. E-mail: sapuan@eng.upm.edu.my.
Tel: 603-8946 6336/6335. Fax: 603 8656 7122.

impressive average growth rate of 6.7% in the decades
between 1971 and 2000. The Malaysian government has
planned to fully develop the country by the year 2020 with
the creation of a competitive, dynamic, robust and
resilient economy.

The Malaysian economic growth and technological
improvements will lead to greater demand and
development of machines and devices used in industrial
and non-industrial settings and which also increase the
higher probability of human and machine interaction
(Klamklaya et al., 2008). One of the important aspects in
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Table 1. Descriptive statistics of participants (n = 300).

Characteristics Min Max Mean Std dev.
Male

Malays 18.00 24.00 19.64 1.08
Chinese 18.00 24.00 19.64 0.85
Indians 18.00 24.00 19.86 1.20
Female

Malays 18.00 24.00 20.06 1.17
Chinese 18.00 24.00 19.42 0.91
Indians 18.00 24.00 19.86 1.28

designing a successful product or workplaces for human
and machine interaction involve the principles of
ergonomic (Mokdad and Ansari, 2009; Mokdad, 2002).

Anthropometry is the science of measurement and the
art of application that establishes the physical geometry,
mass properties and strength capabilities of human body
(Leilanie and Prado, 2007). The anthropometric data
provide important information in product/equipment and
workplace/workstation design (Hanson et al., 2009;
Tayyari, 2000). The utilization of anthropometric data will
enable designers to accommodate a desired portion of
the potential user population in their designs (Tayyari,
2000).

The anthropometry data are considered more critical in
designing for a group of diverse population such as in
Malaysia where it involves the three main ethnic groups.
Similar to the Lin et al. (2004) study, it will be interesting
to find out whether there are significant differences in
mean body dimensions and bodily proportions of these
three ethnics. However, there is a lack of sufficient
anthropometric data involving these ethnics in Malaysia.
This may due to the reason of high expenditure and time
consuming aspect in running the anthropometry data
collection process. Therefore, this study was undertaken
to fulfill the needs of anthropometry data in Malaysia. The
first objective of this study is to develop an
anthropometric database for Malay, Chinese and Indian
adults in Malaysia. The second objective is to identity the
statistical ~ significance between the means of
anthropometric dimension among the three ethnics and
the third objective is to identify where the differences lie
and their level of significance within the three ethnics.

METHODOLOGY
Sample

The financial and time constraints have restricted the participation
of large ethnic’s population. Therefore, male and female polytechnic
students who come from different ethnics were enrolled on a
voluntary basic to participate in this study. A group of 300 students
(150 males and 150 females) was enrolled in this study (Table 1).

Body dimensions

It has been highlighted by previous researchers that it may require
over 300 dimensions to obtain a complete human body dimensions
(Hu et al.,, 2007; Pheasant, 1986; Roebuck et al., 1975). In this
study, 33 anthropometrical dimensions were measured for both
males and females in centimeter (cm). The dimensions were related
to standing, sitting, hands, feet, head and weight of human body
(Table 2 and Figure 1) as mentioned in similar research (Motmans,
2005). Each measurement was taken 3 times and the mean value
was recorded. The measurements were taken with participants
wearing light clothing and with bare feet.

Equipment

There are a variety of methods available for anthropometry
measurements which range from highly sophisticated equipment
such as 3-D scanners to traditional tools. But due to the financial
limitations, the traditional anthropometric tools which are simple and
less expensive are used in this study. Previous research has
highlighted that traditional measurement also produces data as
reliable and accurate as those obtained from the high-technology
methods (Mokdad and Ansari, 2009; Ghoddousi et al., 2007). In this
study, 2 sets of Harpenden standard anthropometer was used to
measure the body dimensions. Each of the set was borrowed
respectively from the Institute of Gerontology and Department of
Community Health, Universiti Putra Malaysia.

Anthropometric survey team

The survey team consists of 4 members (2 males and 2 females)
who carried out the whole data collection. A comprehensive training
session for a week (includes theoretical and practical) was provided
to the members in order to familiarize them with the data
measurement methods. Due to the Malaysian culture, the survey
group performed measurement on their data collection according to
their same gender. The whole survey was completed approximately
in one month.

Data analysis

Data analysis using SPSS was performed to determine the
descriptive statistics (mean, standard deviation, standard error of
mean, coefficient of variation, minimum, maximum, 5th percentile,
50th percentile and 95th percentile) in order to achieve the first
objective of this study which is to determine the anthropometric



Table 2. List of anthropometrical measured position.

Karmegam et al.

779

Position
Standing Sitting Others
Stature Crown buttock height  Buttock popliteal length ~ Hip breadth Hand length Foot breadth
Eye height Eye height Buttock knee length Shoulder breadth  Hand breadth Head length
Shoulder height Shoulder height Buttock heel length Elbow breadth Hand thickness Head breadth
Elbow height Elbow height Elbow grip length Thumb breath Head height
Fist height Popliteal height Forward grip reach Forefinger tip breath  Circumference
Vertical grip reach  Thigh thickness Abdominal depth Foot length Weight
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Figure 1. The illustration of the measured anthropometric dimensions (Source: Motmans, 2005).

dimensions of the samples. In order to achieve the second and third
objectives, a further statistical comparison between the mean
dimensions of the males and females of each ethnic was performed
using ANOVA F and post-hoc Scheffe tests.

RESULTS AND DISCUSSION

Anthropometric database for Malay, Chinese and
Indian adults

The results of anthropometric database for Malays,
Chinese and Indians are presented in Tables 3 to 5. They
highlight the statistical analyses of anthropometric
measurements which include the mean, standard

deviation (SD), standard error of mean (SEM), coefficient
of variation (CV), minimum (Min), maximum (Max), 5th
percentile, 50th percentile and 95th percentile for male
and female among the three ethnics.

The statistical significant differences between the
means of anthropometric dimensions among the
three ethnics

Statistical comparisons between the mean dimensions of
the males and females of each ethnic were performed
(Table 6) using ANOVA F test. It is possible to state that
there is indeed a significant difference between the
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Table 3. Anthropometric data for Malays (male and female), aged 18 to 24 years.

Male (n = 50) Female (n = 50)
Measurement? - -
Mean SD SEM CV(%)  Min 5th 50th  95th  Max Mean SD  SEM CV(%) Min 5h  50th  95th  Max

1 Weight (kg) 7257 1627 230 2243 4600 5400 6815 10245  105.00 5797 1366 193 2356 3800 4055 57.00 9800  100.00
2 Stature 17857 296 042 166 17440 17456 17775 18475  186.80 15330 954 135 622 14150 14161 14735 167.64 17010
3 (Esytgn’gfr'g;t 166.44 346 049 208 16190 162.33 16505 17472 17530 14086 835 118 593 13020 13117 13745 15570  156.10
4 (SSTgﬁé‘fﬁ;;‘eigm 14840 404 057 273 14220 14251 14750 15675  157.30 12540 803 114 641 11250 11385 12350 138.74  139.00
5 (Es':’aongﬁl'g;“ 11249 376 053 334 10610 10670 11160 11959  120.10 96.04 58 082 606 7690 8720 9535 10450  105.30
6 (Fs'ts;:‘j'r?gh)t 7564 58 083 777 5280 5918 7645 8199 8250 6502 679 096 1045 5020 5305 6465 7550  85.60
7 E’S'f;tr']‘;?r']g)r preach 51070 584 083 275 20010 20366 21305 22307 22450 180.84 1058 150 585  160.00 16016 17950 196.60  197.20
8 (SST;‘;E)” breadh 4579 347 049 759 4040 4050 4590 5258 5450 3784 276 039 729 3180 3321 3740 4245 4280
9 ;ESIit;t(i)r\:\;)breadth 4744 371 052 787 4050 4182 4740 5405  56.40 4249 407 058 958 3410 3651 4220 5357  54.10
10 (Tsri‘tifi’:gt)hi"k”ess 1488 176 025 1186 1020 1231 1485 1879 1900 1476 255 036 1726 970 1046 1525 1905  19.60
11 f\sti’t‘tjiﬁg‘)'”a' depth 1891 342 048 1807 1240 1395 1855 2565  27.70 1858 299 042 1609 1340 1446 1845 2447 2610
12 Hipbreadth (siting) 3262 340 048 1043 2490 2496 3245 3810 4030 3300 484 068 1469 1350 2651 3195 4114 4100
13 ﬁ;%"r”]? (:thﬁ;;( 8873 332 047 374 7640 8184 8875 9344 9480 7749 515 073 668 6530 6536 7655 8494 8580
14 Eyeheight (siting) ~ 76.63 340 048 443 6660 6912 7665 8183 8520 6676 576 081 862 5240 5261 6645 7474 7500
15 (Ssri‘t‘;‘;ger height 4579 347 049 759 4040 4050 4590 5258 5450 3784 276 039 729 3180 3321 3740 4245 4280

Elbow height
16 (itng) 2059 316 045 1534 1450 1520 2105 2654  29.00 1888 322 045 1703 1360 1436 1770 2550  28.80
17 (Es'ﬁt‘l’r‘]’gf”p length 3533 242 034 686 2400 3256 3555 3884  41.90 3605 513 073 1424 2510 2751 3455 4350 4550
18 (Fs?trt\iArI]zr)d gipreach  g754 333 047 420 7060 7183 7760 8335 8450 6641 492 070 741 5430 5857 6640 7135  87.10
19 Z‘:}g‘t’mﬁgﬂgﬁa' 5239 207 029 395 4910 4916 5240 5545  57.30 4526 416 059 918 3630 3890 4480 5145 5320

Buttock knee
2 oot siting 6338 302 043 476 5210 5678 6335 67.34  67.50 5666 434 061 765 4660 4716 5675 6384 6640
21 Eslljttttﬁ;? heellength 41500 268 038 233 107.00 11140 11530 12100 121.80 9998 496 070 496 9140 9361 9845 10919  109.40
gy  Popliteal height MA8 125 048 304 3930 3056 4090 4381 4440 3826 300 042 783 3140 3156 3925 4225 4350

(sitting)
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23 Hand length 1998 133 019 667 1760 1813 1970 2400 2480 1695 119 047 700 1510 1536 1700 1903  20.30
24 Hand breadth 707 048 007 674 580 640 710 805 870 645 079 041 1228 460 502 650 795 840
25 Hand thickness 203 031 004 1050 230 250 300 350 350 240 028 004 1160 180 186 240 280  3.00
26 Thumb breath 207 010 001 463 180 196 210 230 230 176 042 002 68 150 156 170 190 200
27 Eg:{;}”ger tip 162 013 002 810 1.40 1.40 1,60 1.90 1.90 158 045  0.02 9.49 1.30 1.30 1,60 180 3.0
28 Foot length 2742 104 045 38 2500 2537  27.05 2869  29.70 2247 154 022 684 1880 2041 2245 2500  26.30
29 Foot breadth 992 068 010 685 790 890 985 1098  11.50 848 117 047 1375 700 700 830 1129 1140
30 Head length 1822 120 017 656 1250 1740 1820 1955 2230 1757 115 016 2242 1450 1550 1750  19.85  21.20
31 Head breadth 1528 113 016 700 1320 1336 1530 1885 1890 1506 155 022 1000 1240 1250 1460 1846 1870
32 Head height 2441 152 021 621 1950 2103 2450 2665 2740 2229 135 019 604 2020 2030 2200 2455 2530
33 Circumference 5628 179 025 318 5270 5306 5660  59.00  59.40 5494 264 037 481 4950 4987 5510 5079  60.10
#measured in centimeters.
Table 4. Anthropometric data for Chinese (male and female), aged 18 to 24 years.
Male (n=50) Female (n=50)
Measurement? - -

Mean  SD  SEM CV(%)  Min Sth  50th  95th  Max Mean  SD  SEM CV(%)  Min Sth  50th  95th  Max

1 Weight (kg) 6417 1470 208 2291 4200 4740 6100 10000 11300 5582 1256 192 2250 4000 4108 5200 8680  88.00

2 Stature 16938 591 084 349 15840 15997 16960 17952 18240 15858 514 078 324 15010 15148 15700  170.46 178'7

3 (Es{zn’gfr'g;t 15810 661 094 418 14230 14819 15050 16825 17040 14728 502 077 341 13950 14042 14610  159.56 153'7

4 (SST;’;‘L‘?ﬁé)hEigh‘ 14023 579 082 413 13040 13126 14040 15069 15660 13035 501 076 385 12050 12142 12980  140.86 148'9

5 (Es'tbaon"(vﬁzg;ght 10716 394 056 368 9840  101.00 10690 11381 12140 10018 418 064 418 9000 9124 10040  107.74 103'0

6 (Fs'f;r:‘j'r?gh)t 7292 299 042 410 6510 6772 7315 7941 8160 6740 345 053 511 6000 6086  67.80 7398  74.10

7 Vertical grip 20133 915 120 455 18350 18466 20185 21680  217.80 18658 727 111 389 16350 17414 18610 19860 1004
reach (standing) 0

8 (SST;‘;E)” breadth 4307 293 041 680 3750 3893 4240 4964 5030 3738 321 049 859 3250 3356 3610 4420 4430

9 (Es'ﬁt‘i’r‘]’g;’readth 4468 408 058 914 3750 3000 4430 5282  57.30 4094 370 056 903 3440 3468 4060 5024 5140

10 (Tsri‘tifi’:gt)hi"k”ess 1494 182 026 1215 980 1126 1475 1807  19.50 1304 260 040 1994 870 964 1220 1876  18.90

1y ~Abdominaldepth 4o 4) 505 042 1628 1170 1337 1800 2390 2810 1743 342 052 1959 1300 1334 1630 2556 2580

(sitting)
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12 g‘i‘t’tigga)adth 3079 284 040 921 2140 2494 3060 3574 3840 3145 362 055 1151 2660 2672 3060 3848 3040
13 ﬁ;;"r”]? éﬁgg;‘)‘ 8554 341 048 399 7930 8001 8535 9152 9350 8168 379 058 465 7240 7556 8170 8978  89.80
14 (Esﬁi;‘ge)'ght 7371 356 050 48 6590 6807 7355 7990  80.00 69089 540 082 772 5460 5570 7020 7918  79.30
15 (Ssri‘t‘;‘;ger height 5747 297 042 520 5160 5266 5665 6250  64.40 5407 348 053 644 4440 4658 5450 5920  60.10
Elbow height
16 (iting) 2007 341 044 1550 1430 1509 1960 2545  27.40 2136 358 055 1677 1250 1424 2260 2554 2560
17 (Es'i?t‘i’r‘]’gf”p ength  a340 237 033 745 2350 3037 3320 3707 3840 3363 428 065 1274 2880 2892 3240 4176 4330
Forward grip
18 onch (siting) 7407 527 075 742 6250 6417 7465 8485 8530 6626 361 055 544 5090 6044 6620 7316  73.20
19 Z‘:}g‘;ﬁ?g&%’gﬁa' 4937 347 049 703 3840 4390 4945 5542  56.30 4493 315 048 701 4000 4002 4450 5018 5250
Buttock knee
2 o Giting) 6038 370 052 613 4920 5390 6140 6745  68.30 5511 382 058 693 3890 4960 5490 5972 6340
gy Buttock heel 10068 487 069 444 10110 10191 11040 11899 12040 9983 517 079 518 8950 9024 9970 10850 1085
length (sitting) 0
2 (Ps‘l’tz'r']tge)e" height 4100 110 016 269 3860 3910 4085 4313 4350 3028 160 024 408 3340 3470 3940 4130 4140
23 Hand length 1822 133 019 7.3 1350 1591 1845 2029  20.80 1747 113 017 660 1440 1468 1700 1940 1950
24 Hand breadth 690 058 008 844 5.30 6.02 6.80 8.0 8.40 690 079 012 1150 520 5.40 7.0 830 840
25 Hand thickness 205 033 005 1103 230 2.36 3.00 3.45 3.70 236 026 004 1119 210 210 2.30 300 300
26 Thumb breath 207 047 002 831 1.80 1.80 210 2.30 2.90 177 045 002 873 140 152 1.80 208 210
27 Eg:{;}”ger tip 15 012 002 775 1.30 1.36 150 1.80 1.90 157 016 002  9.94 1.30 1.30 1,60 180 200
28 Foot length 2535 170 024 670 2040 2153 2545 2830  29.50 2314 114 047 493 2030 2042 2330 2528 2540
29 Foot breadth 968 066 009 682 7.70 8.47 960 1091 1140 865 090 014 1037  6.30 7.20 8.80 970 10.10
30 Head length 1802 105 015 581 1540 1658 1820  19.08 2350 1771 142 022 802 1440 1592 1750 2194 2340
31 Head breadth 1539 092 013 598 1310 1350 1550 1665  16.90 1460 096 015 659 1260 1266 1460 1646  17.30
32 Head height 2453 108 015 441 2160 2246 2450 2630  26.50 249 136 021 605 1940 2020 2240 2478 2550
33 Circumference 5590 148 021 265 5240 5283 5615 5830  58.30 5501 193 029 350 5100 5122 5510 5818  60.20
#measured in centimeters.
means of measured anthropometry dimensions if 25 items which are significantly different (p<0.05) items which indicated the most significant
a significant outcome exists (p<0.05). between the three ethnics in the male populations. differences with the value of p<0.01. Among the

The ANOVA test shows that there is a total of Based on this total items, there are around 15 significant difference, can been seen at the
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Table 5. Anthropometric data for Indians (male and female), aged 18 to 24 years.
Male (n=50) Female (n=50)
Measurement? - -
Mean SD SEM CV(%)  Min 5th 50th 95th Max Mean SD SEM CV(%)  Min 5th 50th 95th Max
1 Weight (kg) 6532 1579 223 2417 4100 4310 6300 9345  100.00 5559 1349 191 2427 3600 3800 5300 9045  93.00
2 Stature 16810  7.68 109 457 15750 15814 16505 18244  183.60 156.83 679 096 433 14550 14672 15940  168.88  169.90
3 (Es{gnhd?r'g;t 15641 957 135 612 13210 14006 15370 17319  174.60 14559 696 098 478 13010 13438 14690 15798  158.90
4 (SST;’:]‘L?ﬁg)heigh‘ 14139 752 106 531 13200 13339 13830  157.30  157.40 13011 613 087 472 12130 12221 12755 14145 14540
Elbow height
5 ancing 10665 551 078 516 9950 9996 10515 11875  119.60 10002 545 077 545 8730 9012 10100  109.86  110.40
6 (Fs'ts;:‘j'r?gh)t 7225 488 069 676 6370 6407 7245 8259 8350 6752 396 056 586 6030 6184 6810 7437 7470
7 Verticalgrip 20397 1059 150 519 19030 19126 20145 22565 23350 18837 1047 148 556 17260 17715 18535 21971  220.30
reach (standing)
g Shouder 4326 344 049 795 3730 3784 4230 4905 5450 3801 293 041 772 3400 3416 3745 4408 4510
breadth (sitting)
9 (Es'ﬁt‘i’r‘]’g;’readth 4609 432 061 937 3920 3983 4515 5527  56.90 4237 491 069 1158 3530 3626 4135 5272 5330
10 (Tsri‘tifi’:gt)hi"k”ess 1466 245 035 1674 990 1125 1420 1926  20.00 1257 206 029 1643 910 936 1225 1668  17.40
Abdominal
1 a 1910 367 052 1921 1460 1491 1785 2801 2910 1801 369 052 2047 1310 1330 1725 2819 3050
depth (sitting)
12 g‘i‘t’tiggadth 3153 327 046 1037 2010 2756 3130 3818  40.80 3095 437 062 1413 2050 2206 3020 4135  42.00
13 ﬁ;;"r”]? éﬁg‘;g;‘ 8235 481 068 58 7170 7219 8175 9129 9340 7672 465 066 606 6840 6886 7650 8399  89.30
14 (Esﬁ’gir:‘ge)ight 7053 494 070 700 5850  60.56 6995 7987  80.60 6650 475 067 745 5740 6046 6545 7500 7550
15 (Ssri‘t‘;‘;g)er height 5481 393 056 748 4760 4881 5440 6303 6510 5172 489 069 946 4250 4436 5130 6025 6440
Elbow height
8 siting) 1864 363 051 1945 1180 1299 1830 2605  26.20 1863 289 041 1552 1200 1559 1755 2254  31.00
17 E'gg:’; ?Sriigmg) 3369 289 041 857 2350 2824 3350 3825 3850 3436 419 059 1219 2820 2009 3300 4391 4550
Forward grip
18 oach (siinn) 7477 575 081 769 6240 6294 7435 8499  87.90 6888 538 076 782 5730 6241 6815 7784 8630
19 Z‘:}g‘t’mﬁgﬂgﬁa' 4996 339 048 679 4140 4368 4980 5528  58.60 4730 444 063 938 4030 4083 4620 5533 5580
Buttock knee
0 oot siting 6089 360 051 592 5270 5566  60.35 6779 6840 5719 385 055 674 5190 5227 5625 6475 6530
Buttock heel
21 11159 613 087 550 9920 10094 11095 12091  122.80 10320 458 065 444 9580  97.02 10275 11196  112.50

length (sitting)
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Popliteal height

2 e 4145 144 020 347 3880 3037 4140 4350 4830 3989 190 027 477 3350 3534 4010 4279  42.90
23 Hand length 1851 131 019 709 1460 1591 1850 2030  21.20 1731 118 017 683 1540 1591 1720 1969  21.10
24 Hand breadth 684 085 012 1243 450 471 680 824 850 682 069 010 1005 510 536 710 760  7.60
25  Handthickness 279 030 004 1068 200 210 275 325 340 239 036 005 1487 180 196 230 340 340
26 Thumb breath 197 021 003 1072 160 160 190 230 290 177 025 004 1413 140 140 180 220 220
27 Efg:{L”ger tip 154 014 002 899 1.30 1.30 150 1.85 1.90 148 019 003 1262 120 120 150 1.80 1.90
28 Footlength 2566 176 025 684 2270 2302 2580 2855  28.70 2348 147 021 625 2020 2136 2330 2604 2640
29 Foot breadth 960 081 011 841 790 826 950 1139 1150 866 080 011 925 630 740 870 1025 1030
30 Head length 1813 080 011 442 1620 1651 1830 1939 1950 1832 204 029 1111 1520 1556 1760 2300  23.80
31 Head breadth 1483 073 010 491 1330 1346 1490 1630 1650 1432 090 013 629 1250 1288 1435 1625  17.30
32 Head Height 2297 127 048 551 1960 2075 2310 2485 2520 2179 134 019 614 1910 1946 2185 2445 2450
33 Circumference 5485 279 039 509 4000 5187 5530 5829  59.10 5420 203 029 375 5010 5146 5405 5819 5840

#measured in centimeters.

Table 6. A One-way analysis of variance (ANOVA) test for Malays, Chinese and Indians (male and female).
Male (n = 150) Female (n = 150)
Measurement?® ANOVA Post-hoc Scheffe test ANOVA Post-hoc Scheffe test
df1 df2 F Sigg M-C M-I C-I df1 df2 F Sigg M-C M-I C-I
1 Weight (kg) 2 147 4256 0.016* 0029 0.071  0.029 2 147 0478 0621 0741 067  0.996
2 Stature 2 147 4764 0.000 0.000 0.000 0.55 2 147  6.109 0.003* 0.004 0.065  0.531
3 Eye height (standing) 2 147 29.309 0.000 0.000 0.000  0.485 2 147 10.774 0.000* 0.000 0.004  0.51
4 ?STgr‘]’g’i'ﬁé)he'ght 2 147 0965 0384 0587 096  0.421 2 147 8741  0.000* 0002 0002 0.985
Elbow height * *
5 (ctanding) 147  26.115 0.000 0.000 0.000  0.851 147 9710  0.000* 0.001 0.001  0.989
6  Fist height (standing) 2 147 7148 0.001* 0.019 0002 0.779 2 147  3.872 0.023* 0.078 0.048  0.993
7 ?’ngr']‘é?r']g)”p reach 2 147 23105 0.000° 0.000 0000 0.322 2 147 8225 0.000° 0019 0001 0674
8 (Ss?t%‘r’]g)er breadth 2 147 10661 0.000° 0.000 0001  0.959 2 147 0553 0576 0750 0963  0.594
9  Elbow breadth (sitting) 2 147 4646 0.011* 0011 0434 0.223 2 147 1831 0.164 0223 099  0.279
10 g-sfi‘t't?:]‘gt)h'c"”ess 2 147 0272 0762 0988 0862 0.782 2 147 11.378 0.000* 0.003 0000  0.64
11  Abdominal depth 2 147 1145 0.321 0524 0958  0.361 2 147 1333  0.267 0.268 0704  0.712

(sitting)
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12 Hip breadth (sitting) 2 147 4182 0017 0018 0237 0506 2 147 3364 0037 0.182 0049 0870
13 ?Srig‘i’r‘:g)b”mc" height 2 147 33.387 0.000° 0.00 0.000  0.000 2 147 15963 0.000* 0.000 0.878  0.000
14 Eye height (sitting) 2 147 28715 0.000° 0002 0000  0.001 2 147 5705 0.004 0020 0971  0.010
15 (Ss?t%ﬁg)er height 2 147 24732  0.000* 0.002 0000  0.003 2 147 3743  0.026* 0080 097  0.046
16 Elbow height (sitting) 2 147 4654 0011 0729 0015 0.102 2 147 9868  0.000* 0.002 0923  0.000
17 gitt’t?r‘]"ég”p length 2 147  10.121 0.000* 0.000 0.007 0.519 2 147 3521 0.032* 0.041 0.183  0.742
18 l(:s?trt\:\r,\agl;)d grip reach 2 147 7015 0001 0002 002 0777 2 147 4663 0.011* 0989 0037  0.032
Buttock popliteal " *
19 e 2 147 13771 0.000° 0000 0001  0.624 2 147 4991 0008 0921 0041 0019
20 (I?')slljt?l?\gl; knee length 2 147 1078  0.000° 0.000 0002 0.762 2 147 3274  0041* 0.183 0.808  0.049
21 (I?')slljt?l?\gl; heel length 2 147 15893 0.000° 0000 0002  0.141 2 147 7354  0.001* 0989 0005  0.005
22 Fs?tﬁ’i'ri]tge)"’" height 2 147 1641 0197 0770 0.561  0.201 2 147 6549  0.002* 0.101  0.002  0.437
23 Hand length 2 147 25313 0.000° 0.000 0.000 0.547 2 147 1232 0295 0650 0301  0.852
24 Hand breadth 2 147 168 019 0433 0212  0.894 2 147 4861 0.009* 0018 0054 0873
25  Hand thickness 2 147 436 0.014° 095 0062 0.028 2 147 0226 0798 0.820 0995  0.866
26 Thumb breath 2 147 5637 0004 0984 0021 0013 2 147 0044 0957 0972 0964  1.000
27 Forefinger tip breath 2 147 6.032 0.003* 002 0008 0.954 2 147 5609 0.005 0565 0005 0.114
28 Foot length 2 147 18973 0.000° 0.000 0.000 0.617 2 147 6.627 0002° 0077 0002 0512
29 Foot breadth 2 147 0789 0456 0772 0868  0.459 2 147 0519 0596 0717 0652  0.997
30 Head length 2 147 0487 0616 0618 0916  0.853 2 147 1226 0297 0671 0785  0.297
31 Head breadth 2 147 1367 0258 0,625 0262 0797 2 147 5097 0007 0,154 0008 0,556
32 Head height 2 147 22232 0.000° 0905 0.000  0.000 2 147 3387 0037 0779 0183 0,048
33 Gircumference 2 147 6199 0,003° 0,664 0004 0,048 2 147 1843 0,62 00987 0281 0240

*Significant at p<0.05 ; M: Malays, C: Chinese, I: Indians; ® measured in centimeters.

standing (3 items), sitting (8 items) and others (4
items) positions.

In the standing position, the statistically
significant difference was found at eye height
[F(2,147)=29.309, p<0.01], elbow height
[F(2,147)=26.115, p<0.01] and vertical grip reach

[F(2,147)=23.105, p<0.01]. In the sitting position,
the 8 significant differences (p<0.01) items are
shoulder breadth, crown buttock height, eye
height, shoulder height, elbow grip length, buttock
popliteal length, buttock knee length and buttock
heel length. Meanwhile, stature [F(2,147)=47.64,

p<0.01], hand length [F(2,147)=25.313, p<0.01],
foot length [F(2,147)=18.973, p<0.01] and head
height [F(2,147)=22.232, p<0.01] are the 4 others
position items which are significantly different
among the three male ethnics.

There are 8 non significant (0.1<p<0.8) items
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among the male ethnic populations. These none
significant differences are in standing (1 item), sitting (3
items) and others (4 items) positions. The respective 8
none significant items are shoulder height (standing),
thigh thickness, abdominal depth, popliteal height (sitting
position), hand breadth, foot breadth, head length and
head breadth (other position).

Meanwhile there is a total of 22 items of significantly
differences (p<0.05) between the female ethnics
population. Within these 22 items, the most significant
difference (P<0.01) are seen in 7 items. These 7
significant differences are in standing (4 items) and sitting
(3 items) positions. In standing position, the significant
differences was found in eye height [F(2,140)=10.774,
p<0.01], shoulder height [F(2,140)=8.741, p<0.01], elbow
height [F(2,140)=9.710, p<0.01] and vertical grip reach
[F(2,140)=8.225, p<0.01]. Meanwhile for the sitting
position, the 3 significant differences items are in thigh
thickness [F(2,140)=11.378, p<0.01], crown buttock
height [F(2,140)=15.963, p<0.01] and elbow height
[F(2,140)=9.868, p<0.01].

There are a total of 11 non-significant differences
(0.1<p<0.9) among the female ethnics group. The 11 the
non-significant items are in standing (3 items) and others
(8 items) position. Among related sitting position are
shoulder breadth, elbow breadth and abdominal depth.
The others positions are such as thumb breath, weight,
hand thickness, foot breadth and head length.

Identification of the differences and their level of
significant within the three ethnics

In order to find where the significant differences lie
between the races, a post-hoc test (Scheffe test) was
carried out (Table 7). The results are presented
according to the comparison of gender and ethnic
groups.

Comparison among males

Among the male group, there is a total combination of 25
items which has significant differences between them.
Out of this total combination, there are only 3 items that
significantly differences between the three races such as
in crown buttock height (sitting) [F(2,147)=33.387,
p<0.01], eye height (sitting) [F(2,147)=28.715, p<0.01]
and shoulder height (sitting) [F(2,147)=24.732, p<0.01]. A
post-hoc Scheffe test indicates that the significant value
for this 3 items are in the range of 0 < p <0.003.

Malays — Chinese

The post-hoc Scheffe test indicates that among the
significant differences (p<0.01) were shown in stature,

eye height (standing), elbow height (standing), vertical
grip reach (standing), shoulder breadth (sitting), crown
buttock height (sitting), elbow grip length (sitting), buttock
popliteal length (sitting), buttock knee length (sitting),
buttock heel length (sitting), hand length and foot length.
The Malay compared to Chinese population, have greater
mean value in all the mentioned 20 items expect in
shoulder height (sitting).

Malays - Indians

There are a total of 21 statistically significant (p<0.05)
items between the Malay and Indian male population.
The post-hoc Scheffe test indicates that among the
significant differences (p<0.01) are in stature eye height
standing, elbow height (standing), vertical grip reach
(standing), crown buttock height (sitting), eye height
(sitting), shoulder height (sitting), hand length, foot length
and head height. And similar to Malay and Chinese
population, the Malay has smaller mean shoulder height
(sitting) compared to the Indian population.

Chinese - Indians

Meanwhile, there are only 6 significant differences
(p<0.05) items between the Chinese and Indian
population. Based on post-hoc Scheffe test, it is noticed
that the Chinese have larger crown buttock height
(sitting), eye height sitting, shoulder height (sitting), head
height and circumference compared to the Indian
population. The Indians has larger weight compared to
the Chinese population.

Comparison among females

The Anova F tests between the female population have
indicated that there is a total of 22 combination item
which are significantly differences (p<0.05) between
them.

A further post-hoc Scheffe test revealed that none of
these items have significant differences between them.
The significance is more in term of combination between
the races.

Malays — Chinese

There are a total of 12 significant (p<0.05) differences
between the Malay and Chinese females’ population as
indicated by the post-hoc Scheffe test. The Malay have
larger mean value of elbow grip length and thigh
thickness compared to Chinese population in sitting
position. The Chinese have greater mean value of
standing (eye height, shoulder height, elbow height and
vertical grip reach), sitting (crown buttock height, eye
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Table 7. Summary of Post-hoc Scheffe test for significant differences within the three ethnics.

Measurement Male (n = 150) Female (n = 150)
M-C M-I Cc-I M-C M-I Cc-I

1 Weight > - < - -
2 Stature > > - < - -
3 Eye height (standing) > > - < < -
4 Shoulder height (standing) - - - < < -
5 Elbow height (standing) > > - < < -
6 Fist height (standing) > > - - < -
7 Vertical grip reach (standing) > > - < < -
8 Shoulder breadth (sitting) > > - - - -
9 Elbow breadth (sitting) > - - - - -
10 Thigh thickness (sitting) - - - > > -
11 Abdominal depth (sitting) - - - - - -
12 Hip breadth (sitting) > - - - > -
13 Crown buttock height (sitting) > > > < - >
14 Eye height (sitting) > > > < - >
15 Shoulder height (sitting) > < > - - >
16 Elbow height (sitting) - > - < >
17 Elbow grip length (sitting) > > - > - -
18 Forward grip reach (sitting) > > - - < <
19 Buttock popliteal length (sitting) > > - - < <
20 Buttock knee length (sitting) > > - - - <
21 Buttock heel length (sitting) > > - - - <
22 Popliteal height (sitting) - - - - < -
23 Hand length > > - - - -
24 Hand breadth - - - < - -
25 Hand thickness - - - - - -
26 Thumb breath - > - - - -
27 Forefinger tip breath > > - - > -
28 Foot length > > - - < -
29 Foot breadth - - - - - -
30 Head length - - - - - -
31 Head breadth - - - - > -
32 Head height - > > - - >
33 Circumference - > > - - -

Total 20 21 6 12 13 9

(M: Malays, C: Chinese, I: Indians, >: significant with mean value higher, <: significant with mean value lower, - : no significant).

height and elbow height) and others (stature and hand
breadth) positions compared to Malay female ethnics.

Malays - Indian

The post-hoc Scheffe test shows that there are a total of
13 statistically significant (p<0.05) between the Malay
and Indian population. The Indian compared to the Malay
population has larger mean dimension in the items of eye
height (standing), shoulder height (standing), elbow
height (standing), fist height (standing), vertical grip reach
(standing), forward grip reach (sitting), buttock popliteal

length (sitting), popliteal height (sitting) and foot length.
Meanwhile the Malays have larger thigh thickness
(sitting), hip breadth (sitting), forefinger tip breath and
head breadth compared to the Indian population.

Chinese — Indian

There are a total of 9 significant differences (p<0.05)
between the Chinese and Indian population as indicated
by the post-hoc Scheffe test. The Chinese have larger
crown buttock height (sitting), eye height (sitting),
shoulder height (sitting), elbow height (sitting) and head
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height compared to the Indians. The Chinese have
smaller body parts size in sitting (forward grip reach,
buttock popliteal length, buttock knee length and buttock
heel length) and other (head height) positions compared
to Indian population.

CONCLUSIONS

Anthropometric data of male and female for Malaysian
ethnics aged 18 to 24 years were collected, analyzed and
summarized. The first part of this paper presents the
database of 33 anthropometric dimensions for the
population with some basic statistical analyses such as
the mean, standard deviation, standard error of mean,
coefficient of variation, minimum, maximum, 5th
percentile, 50th percentile and 95th percentile for the
three ethnics.

In the second and third part of this paper, an ANOVA F
test and followed by a further post-hoc Scheffe test was
performed in order to identity the statistical significant
(p<0.05) between the means of anthropometric
dimension and the level of significant within the three
ethnic’s. The ANOVA F results indicated that there is a
total combination of 25 and 24 items which has significant
differences between the male and female groups
respectively. In term of the level of significant within the
three ethnics, the post-hoc Scheffe test indicated that the
Malay male’s have largest body size (such as in weight,
stature, eye height-standing, elbow height-standing, fist
height-standing, vertical grip reach-standing, shoulder
breadth-sitting, elbow breadth-sitting, hip breadth-sitting,
crown buttock height-sitting, eye height-sitting, elbow grip
length-sitting, forward grip reach-sitting, buttock popliteal
length-sitting, buttock knee length-sitting, buttock heel
length-sitting, hand length, forefinger tip breath and foot
length) compared to the Chinese and Indian. In opposite
gender, the Chinese female’s have largest body size
(such as in crown buttock height-sitting, eye height-
sitting, shoulder height-sitting, elbow height-sitting and
head height) compared to the Malay and Indian
population. Meanwhile, in the male and female
population, Indian (such as in crown buttock height-
sitting, eye height-sitting, head height and circumference)
and Malay (such as in stature, eye height-standing,
shoulder height-standing, elbow height-standing, vertical
grip reach-standing, crown buttock height-sitting, eye
height-sitting, elbow height-sitting and hand breadth)
have the smallest body size respectively.

In conclusion, these results suggest that there are
various body dimension differences between the ethnics
in Malaysian population. Therefore the principles of
ergonomic and anthropometric should become a
necessary item whenever it involves the designing of
product and workplaces (Hanson et al., 2009; Klamklaya
et al., 2008; Wichansky, 2000; Pentikis et al., 2002) for
this type of population. Moreover (in regards to the age

range of this study) in Malaysia, designers could use this
data in designing the educational furniture in order to
facilitate learning by providing a comfortable and stress-
free workstation. Furthermore, the usage of correct and
updated anthropometric measurements for each target
groups/ethnics (Hanson et al.,, 2009) are important in
order to maximize the usability and minimize the
musculoskeletal disorder symptoms corresponding to the
users.
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