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ABSTRACT

A comparative analysis of the anthropometric body dimensions of the male and female agricultural workers was
conducted in South-Fastern Nigeria to ascertain the variations that exist among the body characteristics/dimensions of
the male and female agricultural workers in the area. Thirty (30) anthropometric dimensions considered useful in the
design of the agricultural equipment alongside with the heart rate of the workers were studied. Male and female
agricultural workers within the age limit of 20-60 years were used for the study. Results obtained revealed that male
agricultural workers had greater body dimensions than the females except in the waist circumferences and hip breadths
in which the male measured average of 81.1cm and 34.4cm respectively and the female recorded 88.7cm and 42.1cm at
waist and hip regions respectively. The comparison further showed that male agricultural workers had average stature
and body weight of 168.3cm and 65.9kg respectively with the 5% and 95 percentiles of 162.75cm and 175.77cm
respectively in stature; and 60.15kg and 71.73kg in body weight respectively. While the female recorded mean stature
and body weight of 163.2cm and 64.8kg respectively with the corresponding 5% and 95% percentiles of 153.96cm and
172.17cm respectively in stature and 60.04kg and 69.35kg respectively in body weight. The males had average heart
(pulse) rate of 73.8 beats/min while the females had 70.5 beats/min. The comparison generally did not show much
variations, which implies that implements/machine designed for the male workers could suit the female workers or

might be adjusted to suit the female workers.
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1. INTRODUCTION

Anthropometry involves the systematic measurement of
the physical properties of the human body size and shape
[1]. According to [2], anthropometric body dimensions
play significant roles in human-machine interaction,
industrial design, clothing design, ergonomics and
architecture where statistical data about the distribution
of body dimensions in the population are used to
optimize products. It varies considerably across gender,
race and age; and within a particular group, the
anthropometry differs due to nutritional status and
nature of work; and to achieve better performance and
efficiency along with higher comfort and safety to the
operators it is imperative to design tools, equipment and
workplaces keeping in view of the anthropometric data
of the agricultural workers. Yadav, et a/ [3] also noted
that the present need for the use of agricultural
mechanization require a good knowledge and proper
special
consideration to efficiency, safety, and comfort of people
using them. It is in this opinion that [4] maintained that

design of agricultural equipment with
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ergonomics is the science of fitting work to the users;
instead of forcing the users to fit the work and that a
good match can be obtained if anthropometric data is
used.

Onuoha, et a/[5] explained ergonomics as the application
of measurements to products in order to improve their
human use. They maintained that it often involves
research into the way people interact with products and
environment around them and that anthropometric data
is used to determine the size, shape, and/or form of a
product, making it more comfortable for human use. The
overall ~working efficiency of human-machine
environment and resultant discomfort has severe impact
while using tools and machinery in different work
conditions. Anthropometric data have wide range of
applications in the design of agricultural machinery
among other physical equipment and facilities. It is
needed in the design of products as it varies between
individuals and nations [6]. Anthropometric body
dimensions play significant role in human-machine

interaction. The overall human efficiency of human-
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machine environment and resultant discomfort have
severe impact while using farm equipment and/or
machinery, and the anthropometric
developed from one region may not be appropriate to be
used when designing machines or tools for people in
other ethnic origin

Despite the various approaches to modern technology on
agricultural machinery/equipment design, human
drudgery in farm operations have not been fully arrested
in Nigeria especially in the South-eastern part of Nigeria.
In western countries, large amount of anthropometric
data are available for reference. The anthropometric data
bank assembled and maintained by the Aerospace
Medical Research Laboratories, Dayton, Ohio, is the
largest and most comprehensive data in the world [7].
However [5] noted that it does not contain any data on
the Nigeria population. The anthropometric data of
Nigeria agricultural workers are not by any means
considered in the design of agricultural equipment and
yet most of the equipment being used are imported from
western countries.

Some agricultural machines create discomfort and at
times breakdown quickly due to various discrepancies in
ergonomic principles with respect to Nigeria agricultural
workers using them. Yadav, et a/ [8] in another report
identified various factors such as gender, age, race,
nutritional status, body dimensions, and nature of work
among others which vary widely across every region,
state and country. This therefore implies that there must
be considerable difference between the male and female

dimensions

anthropometric dimensions in Nigeria just like in the
western countries. Most of the farm operations are
shared by both genders (male and female). In Nigeria,
farm operations such as ploughing, harrowing, leveling,
pudding are exclusively done by male agricultural
workers while
transplanting are done by female. However some
operations such as seed planting, application of
weed/pest controls, fertilizer application, transportation

etc. are done by both genders [5]. Based on this premise,

uprooting of seedlings, weeding,

anthropometric body dimensions of both genders should
be explored, compared and considered in designing any
machinery or tool meant to perform a specific
agricultural operation. This will therefore boost the
production and enhance the safety and comfort of the
operators of the machines.

One of the important factors considered in the design
and fabrication of agricultural equipment/ machinery is
the anthropometric dimensions of the operators which
vary with age, race, gender, nature of work/work space,
and nutritional status among other things across various
large
anthropometric data are available for reference in the

regions. In western countries, amount of
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design of agricultural machines, but in Nigeria, the
anthropometric dimensions of the agricultural workers
are not available and therefore not being considered in
the design of the equipment and yet most of the
equipment are imported from western countries
resulting to low productivity, discomfort and unsafe
operation of the machines.

Furthermore, most of the farm operations in the south-
eastern region of Nigeria are handled by male and female
agricultural workers, unfortunately, there is no available
anthropometric data in this region to enable the
designers of agricultural equipment design the machine
to suit them. Knowledge of the anthropometric data of
the male and female agricultural workers and their
relative engineers to
comparatively design agricultural machines that will suit
them and enhance their comfort, safety and efficiency of
operation. The main aim of this research work is to
develop an anthropometric database for male and female
agricultural workers in the rural areas of south-eastern
region of Nigeria for a better design of farm machinery to
suit them for safety, comfort and efficient operation. The
specific objectives are: to compare the male and female
anthropometric dimensions in the rural areas of south-
eastern region of Nigeria; to determine the percentage
difference in mean anthropometric dimensions for male
and female agricultural workers in south-eastern region
of Nigeria and to compare the anthropometric
dimensions with other ethnic populations of the world.

differences will assist the

2. MATERIALS AND METHOD

2.1 Samples for the Study

The samples for the study consist of 600 agricultural
workers (300 each of male and female) within the age
limit of 20-60 years selected randomly from the five
states that made up the South- Eastern region of Nigeria,
namely: Abia, Anambra, Ebonyi, Enugu and Imo State.

2.2 Apparatus Used
The following anthropometric equipment was used for
the study:

e An anthropometer was used in measuring various
body dimensions at standing and sitting postures.

e Weighing balance of 1kg sensitivity and 150kg
capacity was used for measuring the body weight of
the subjects.

e Measuring tape was used for measuring lengths and
widths of some body parts.

e Vernier caliper was used for measuring the internal
and external grip diameters.

e Grip strength dynamometer was used for measuring
grip strength.

e Statoscope was used for measuring rate of heart
beat.
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2.3 Anthropometric Measurement Procedure / Data
Collection

Thirty (30) anthropometric body dimensions considered

useful for design of agricultural equipment/machines

were measured alongside with the heart rates. The
standard anthropometric definitions of measurements
and techniques used by [4] and [9] as applied by [5] were
adopted in the study.

Table 1: comparison of mean anthropometric dimensions of male and female agricultural workers in south-east Nigeria

MALE (mean values) FEMALE (mean values) Percentage
Body 0 0 Mean difference
Dimension Abia  Anambra Ebonyi Enugu  Imo verall | abia  Anambra Ebonyi Enugu  Imo verall | giff, (%)
mean mean o
Stature 168.75 16875 1718 1712 1701 1683 | 16275 16395 1658 1679 1555 1632 | 5.1 3.03
Weight, Kg 6540 6665 69.60 708 571 659 | 572 640 671 762 594 648 | 1.1 17
S;f‘g”hot"”g ¥ 16105 16030 1633 1645 1541 16060 | 15055 1552 1551 1605 1548 1552 | 5.4 34
Bsr';gz'tﬂer 4910 4730 515 522 540 508 | 389 316 488 546 575 463 | 450 | 890
Sggﬁ'tder 14375 4230 14740 1520 1487 1468 | 1386 1371 1423 1415 1357 1413 | 55 37
Shoulder
3825 3915 342 393 398 3810 | 3645 3665 3180 374 3910 363 | 18 4.70
Elbow Length
HandLength 1955 2125 1970 206 196 2010 | 1815 198 1830 1890 190  18.80 | 1.30 6.5
HandBreadth 865 8.25 87 90 80 850 | 720 735 680 760 730 720 | 130 | 1530
Elbow Height 10425 10525 10610 1067 9510 1033 | 1004 1022 1026 97.3 9280 9910 | 420 | 4.10
:;m Rest o405 2505 2610 2630 206 2460 | 2225 2250 2370 2440 1940 2240 | 22 | 8.90
Grip 416 4290 5230 4920 4760 4670 | 4025 4350 4630 420 4350 4310 | 360 | 7.70
Strength, Kg
lG”lf]tE:ﬁg“leter 470 510 570 60 50 530 | 400 505 480 540 470 480 | 050 | 940
' 735 795 820 860 790 800 | 630 795 70 730 780 730 | 070 | 880
11. External
Hand 209 2170 2050 2160 2160 2130 | 1935 1930 1820 1940 2120 1940 | 1.90 | 8.90
Circumference
[gﬁ;m Hand 4900 4990 5110 5230 4870 504 | 484 4885 478 491 458 480 | 24 45
;:;g;rd Gib 7500 7590 7180 7640 7370 7460 | 755 7118 6870 6820 7140 708 | 38 5.1
Waist 8075 7750 813 8115 849 811 | 8745 8370 854 917 975 887 | 76 96
Circumference
Sitting Height ~ 8175 8245 813 819 748 804 | 7375 7133 742 683 697 715 | 89 11.1
:;g?}? Eye 6850 6920 694 743 607 684 | 654 6580 649 634 508 620 | 64 9.4
Sitting
Shoulder 5400 560 545 743 497 5420 | 5010 5540 50.80 51.30 4230 500 | 420 | 7.70
Height
HipBreadth 3300 3175 340 3710 3620 3440 | 2980 3110 3940 67.0 4340 4210 |-770| -22.10
Knee Height ~ 5580  56.60 5720 49.80 5120 5410 | 5210 5460 530 4460 4560 500 | 4.10 76
:;Suttem 4970 4955 5050 506 4630 4930 | 4645 4625 4810 4300 4430 4660 | 270 | 550
I_T;;ﬁ't"e 6500 6725 6730 6560 5840 6480 | 6165 6565 6430 5970 4930 6020 | 460 | 7.0
Lilijg;tr?t(:k Knee 5705 5835 5060 5640 5450 5540 | 5395 5740 4640 5070 4730 5110 | 43 7.80
Buttock
Popliteal 4865 4935 5080 5070 4960 49.80 | 4530 4685 4620 4570 3460 4490 | 490 | 9.80
Length
L';‘g”fgﬂgﬁ" 9525 9585 9630 9740 9430 9560 | 9170 9105 9160 910 870 905 | 510 53
Footlength 3255 3240 326 3320 2940 320 | 295 2995 2990 1450 2480 2570 | 630 | 19.70
Thigh 1435 1445 1460 1580 1230 1430 | 1125 1245 1240 1310 1150 120 | 20 | 16.10
Clearance
'\H":itgﬁfrpa' 66.05 6675 660 696 5990 6570 | 8445 6425 607 620 550 6530 | 040 | 0.60
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Prior to the collection of the data, some persons (male
and female) were trained on how to take measurements
of body dimensions. The process for data collection was
properly explained to the trained personnel so as to
maintain accuracy in their measurements and to seek full
cooperation from the subjects. In the process, the
subjects were asked to stand on the platform of the
anthropometer with their feet well closed, their bodies
vertically erect, while heels, buttocks and shoulders
touch the vertical plane; the arm of the anthropometer
was adjusted according to the subject’s height and
measurement was recorded from the vertical scale.
Measurements were also taken in sitting postures. In this
case subjects were asked to sit with their body vertically
erect, while their shoulders and head touch the vertical
plane and their feet completely touch the base platform.
In all the measurements with anthropometer, the
subjects were bare footed. The vernier caliper was used
to measure the internal and external grip diameter while
the grip strength dynamometer was used to measure the
grip strength of the subjects. The measuring tape was
used to measure waist breadth, waist circumference, foot
length, and hand breadth across thump, hand height at
metacarpal etc. The weighing balance was used for body
weight measurement; the statoscope was used for
measuring rate of heart beat. For every subject,
measurements of a given body dimension was repeated
for three times and average value of the dimension was
taken as the real dimension; this is to avoid error in the
measurements.

2.4 Data Analysis
The data collected from the measurement was analyzed
using range, mean, standard deviation, percentile values
(5%, 50t and 95t percentile) and percentages. The
percentile was used to adjudge the proportion of a group
of individuals who exceed or fall below some possible
design limit; therefore, apart from the mean; the 5t and
95t percentile values

of body dimensions were

calculated to decide various possible design limits of
farm machinery and work place layout to be operated by
male or female workers [10]. The percentage was used to
determine the percentage difference or variation in the
set of data obtained for male and female agricultural
workers. The percentile was calculated from the formula
suggested by [11]

X=upu+2Q ¢))
In (1), X is the Percentile; p is the mean values; Q is the
standard deviation; Z = constant = -1.645 for 5th
percentile; 0 for 50t and 1.645 for 95t percentile
The standard deviation was computed using the
expression:

If (X —X)?

5= | @)

In (2), S is the standard deviation; X is the summation; f
is the frequency; x is the measures of body dimensions

x mean values of body dimension (given as ZfTX ); N is the

number of subjects measured.

3. RESULTS AND DISCUSSION

3.1 Results

The data collected from the study was analyzed using
the range, mean, standard deviation, percentile values
and percentages; and were presented in descriptive
statistical tables. The mean, standard deviation and
percentage revealed the differences in
anthropometric dimensions that exist between the male
and female agricultural workers while the percentile
values provide a basis for judging the proportion of a
group of individuals who exceed or fall below some
possible design limits. Therefore, the 5%, 50t (mean) and

values

95th percentile values of the body dimensions were
calculated to decide various possible design limits of
farm machinery and workplace layout to be operated by
male or female agricultural workers in the study area.
Tables 1land 2 show the results of the research work.

Table 2: Comparison of anthropometric dimensions of male and female agricultural workers of South-East Nigeria with other
ethnic origins of the world

MALE FEMALE
Body Dimension | Presentstudy ~Agrawaletal  Yokohori Haslagrave Sh;r?oind Presentstudy Agrawaletal Anonymous  Haslagrave Shao and
south-eastern (2010) (1982) (1980) south-eastern (2010) (1974) (1980) Zhou (1990)
o ) " (1990) . ! " .
Nigeria India Japanese British : Nigeria India Japanese British Chinese
Chinese
Stature 168.3 1614 165.8 173.81 168.82 163.2 150.8 159.60 171.81 158.62
Weight, kg 65.9 53.7 NA NA NA 64.8 470 NA NA NA
Et;gg;”g ey 160.6 NA NA NA NA 1555 NA 144.70 NA 148.03
shoulder breadth 50.8 NA NA NA NA 463 NA NA NA NA
shoulder height 146.8 132.7 134.5 NA 142.10 141.3 124.2 127.0 NA 132.03
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MALE FEMALE
Body Dimension | Presentstudy ~Agrawaletal  Yokohori Haslagrave Sh;ﬁoind Presentstudy Agrawaletal Anonymous  Haslagrave Shao and
south-eastern (2010) (1982) (1980) south-eastemn (2010) (1974) (1980) Zhou (1990)
-eas . X (1990) -eas . X .
Nigeria India Japanese British ; Nigeria India Japanese British Chinese
Chinese
shoulder elbow 38.1 NA NA NA NA 363 NA NA NA NA
length
hand length 20.1 16.9 NA NA NA 18.8 16.1 NA NA NA
hand breadTH 85 8.9 NA NA NA 72 86 NA NA NA
elbow height 103.3 1014 NA NA NA 99.1 96.0 98.30 NA NA
elbow rest height 246 246 240 NA NA 224 22.7 NA NA NA
grip strength, kg 46.7 NA NA NA NA 43.1 NA NA NA NA
oo gfgfte’ 55 40 NA NA NA 48 36 NA NA NA
; 8.0 78 NA NA NA 73 6.3 NA NA NA
11. external
hand
: 213 NA NA NA NA 194 NA NA NA NA
circumference
TZLZ?ﬁm hand 50.4 409 NA 46.87 NA 48.0 395 NA NA NA
rg\g;rd grip 746 NA NA NA NA 708 NA NA 46.87 NA
waist 81.1 748 NA NA NA 887 724 NA NA NA
circumference ' ' ' '
sitting height 80.4 84.8 90.4 91.90 89.65 715 78.4 85.0 NA 84.85
hs;m eye 68.4 58.8 785 80.27 79.40 62.0 53.40 NA 91.90 NA
hsétltg";% shoulder 542 NA NA 62.11 NA 50.0 NA NA 80.27 NA
hip breadth 34.4 300 NA NA NA 421 305 NA NA NA
knee height 54.1 458 NA NA NA 50.0 428 NA NA NA
popliteal height 493 417 402 NA 4013 4656 397 36.20 NA 3827
knuckle height 64.8 NA NA NA NA 60.2 NA NA NA NA
|2iztr:?Ck knee 5.4 525 NA NA NA 511 513 53.10 NA 5278
lg;‘gt‘:fk popliteal | 49 431 NA NA NA 449 423 433 NA 4318
functional leg 9556 NA NA NA NA 905 NA NA NA NA
length
foot length 32,0 235 NA NA NA 257 222 NA NA NA
thigh clearance 143 NA NA NA NA 120 NA NA NA NA
hM;;Ctarpa' 657 NA NA NA NA 653 NA NA NA NA

NA = not available

Table 3 Average heart (pulse) rate of male and female
agricultural workers in south-eastern zone of Nigeria

Study area Average male Average female heart
heart rate rate (beats/min)
(beats/min)
Abia state 70 71
Anambra state 72 73
Ebonyi state 77 75
Enugu state 72 70
Imo state 78 76
Overall mean 74 73

3.2 Discussion

Table 1 presents the comparison of the male and female
agricultural workers in South-Eastern Nigeria. It is
observable from the result that the stature of the male is
greater than the female by 5.1cm (3.03% of the male
stature) and the body weight of the male is also greater
than the female by 1.1cm (1.7% of the male’s body
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weight). Similarly other dimensions followed the same
trend with different dimensional values and percentage
differences except for waist circumference and hip
breadth in which the females’ dimensions were greater
than the males by 7.6cm (9.4% of the male’s mean waist
circumference) and hip by 7.7cm (22.4% of male’s
average hip dimensions). In general the body dimensions
of the male and female do not vary much, therefore, tools
and equipment designed based on data collected can
effectively be utilized by both male and female
agricultural workers within the region which is in
agreement with the study of [12].

Table 2 showed the comparison of anthropometric
dimensions of male and female agricultural workers with
other ethnic origins of the world. The comparison
showed some variations in the body dimensions of
south-eastern Nigeria and other nations. The variations
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in the body dimensions may lead to having
uncomfortable postures adopted while working with
implements and machinery resulting to low work output.
The mean stature of the British male and female workers
was found to be highest with values of 173.8cm and
171cm respectively followed by Chinese male workers
with average stature of 168.82cm; this was also followed
by South- Eastern Nigeria workers (male and female),
Japanese male, Indian male, Japanese female and the
least was Chinese female with average stature of
158.62cm. It was generally observed from the
comparison that the body dimensions of the male
agricultural workers are higher than the female workers.
However the variations are not much across most ethnic
nations; therefore, implements designed for the male
workers can suit or be adjusted to suit the females within
the same ethnic origins.

Table 3.3 shows the average heart (pulse) rate for male
and female agricultural workers in south east Nigeria.
The average heart rate of the male agricultural workers
range from 70-78 beats/min while that of females fall
within the range of 70-76 beats/min. The slight
difference observed in which the male average heart rate
is higher than the female may be attributed to the fact
that men have high oxygen consumption rate during
work than the female because they do more difficult
works than the females.

4, CONCLUSION:

The body dimensions of the male agricultural workers
are slightly greater than that of the female workers
except in the waist circumferences and hip breadths.
However, the variations were not much across the entire
geographical region. Therefore agricultural implements/
machines designed for male agricultural workers within
the region can suit or be adjusted to suit the female
agricultural workers since the female participation in
various agricultural operations in South-Eastern Nigeria
is relatively equal to the male; there is greater need to
develop improved implement to suit the capabilities of
both male and female agricultural workers.

5. RECOMMENDATION

The application of ergonomic approach in designing farm
implements and machinery is not very much in practice
in developing countries like Nigeria due to lack of
anthropometric database. Study of anthropometric body
dimensions of this kind should therefore be extended to
other geographical regions of Nigeria to guide the
engineers or designers of agricultural equipment in
designing and manufacturing the equipment to suit the
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users and make them work in good postures and
maximize their output.
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