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Modifying The Size Of Hoe Handle For Women 
Farmers Of Marind-Anim Ethnic By Ergonomic 

Approach 
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Abstrak: This study was conducted in Marind Anim ethnic where the farming activities are commonly performed by the women. Majority of the Marind 
Anim people have body height of 165 or higher. This study was conducted from August 15, 2012 to May 12, 2013. This study was aimed to find a 
formula in determining the ergonomic hoe handle length with the objectives to (a) make the farmers comfortable in cultivating land with ergonomic hoe, 
(b) change the mindset of Marind Anim people that the hoes with longer handle are better than those with shorther handles, (c) stimulate the Marind 
ethnic people in cultivating their yard for farming.  
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INTRODUCTION 
For Marind-Anim people, the role played by the women is 
more dominant compared to the men in fulfilling their food 
needs, particularly in producing food material. The women 
of Marind ethnic are the workforce involved in most of the 
agricultural activities. In playing their role in agricultural 
sector, with limited knowledge and skill in applying science 
and technology, the Marind women are still using traditional 
tools which are not suitable and feasible for them because 
this tool requires them to bend when using it. The use of 
traditional or unsuitable agricultural tools consumes most of 
their time and energy. There is no doubt that some 
traditional tools are associated to low risk but at the same 
time these tools have low productivity [1]. In addition, 
agricultural tools are commonly made for men, that are 
physically different from the women. Biomechanic study 
suggested that the compression force of vertebrae occurs 
at bending position, and that repeated sustainable flexion in 
vertebrae can impair the neuromuscular stability from low 
back and increases the fatigue risk. This in turn make the 
back more vulnerable to injury[2].  Therefore, an ergonomic 
agricultural tools are needed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Marind-Anim Woman  is Cultivating Land 

 
Ergonomy is a discipline that is currently needed for its 
application in various fields. Ergonomy is a science that 
studies the relationship between tool/machine and 
people/operator. In agriculture, this discipline is important to 
make the agricultural/production activities run smoothly, 
safely, and therefore, working safety can be achieved. One 
of the ergonomic aspects is anthropometry, the science of 
physical measure of people, worker, or operator. From this 
physical measures the measures of the tools can be 
adjusted accordingly for optimum performance and minimal 
work load [5]. These facts spark the idea to modify the hoe 
handle length which is associated to anthropometry 
parameter of women farmers of Marind Anim ethnic. The 
objective of this study was to find a formula in determining 
the hoe handle length related to the anthropometric 
parameter of women farmers of Marind Anim ethnic.  
 

REVIEW OF LITERATURE  
Marind Anim is an ethnic located in Papua province, exactly 
at Merauke Regency. Some of its member inhabit the 
southern coast area in Arafuru sea and in hinterland of 
several river upstreams. The original area Marind-Anim 
ethnic stretches from southern coast of Papua, in the 
border with Papua Niugini to Yos Sudarso island and the 
entire hinterlands up to the upstream of Maro, Kumbe, Bian, 
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and Bulaka rivers. Administratively, they belong to 
Merauke, Muting, and Okaba [3]. There have been no study 
about racial characteristics of Papua people. There are only 
few doctors and forensic anthropologists who have studied 
the body height and skull measure index in some 
individuals distributing in several locations [4]. Among the 
Papua people, there is a recognized trend that the  farther 
they live from the coast the shorter their posture. The same 
is true for their skull shape, where the coastal population 
have generally oval skull shape and it becomes more 
spherical toward hinterland [4]. Direct observation indicates 
that Marind-Anim people have higher and slimer posture 
with oval face. The average men height in this ethnic is 175 
cm to 190 cm and the average women height is about 160 
cm to 185 cm. Daily routines of Marind-Anim people is 
collecting sago, farming, gardening, hunting, catching fish, 
and collecting forest products. Since the introduction of 
external culture they began to know cattle, goats, and 
chickens. They cultivate also rice field. Marind Anim etchnic 
adopts paternalistic culture, and everything is up to the 
chieftain, suggestion or change in policies needs careful 
examination. The involvement of the chieftain in decision 
making highly influences a success of a campaign. Some of 
the problems that can be solved through the chieftain policy 
is suppressing the moving farm practice, changing the 
farmer mindset, changing the planting pattern, and others. 
This is because the chieftain hold the highest command 
and need to be adhered by the entire community. This 
phenomenon applies to a society adopting communal land 
ownership system or communal land rights [6]. From the 
interview with Marind Anim chieftains and field surveys, in 
cultivating land, the Marind Anim women use hoes with 
relatively short handles. This is associated to several 
complains related to back injuries. The hoe design with 
ergonomic approach is needed to be done, namely the 
aspect that considers the human in their work place and is 
aimed to adjust the work to the worker, that an integration 
of human-machine system can be achieved [7]. Zander 
(1989) in Purwanto (1992) used the appropriateness 
between the worker body measures and tools/machines 
which is used as optimal design reference, because in that 
condition, the working posture of the worker will be natural, 
that a comfortable, safe, and encouraging can be achieved. 
To determine the hoe handle length that is adjusted to the 
body measures, the Fibonacci number was used. We can 
calculate any Fibonacci Numbers Golden Ratio using:  
 

 
 
This row starts from 0 and 1, and then the next number is 
obtained by adding the two previous subsequent numbers. 
With this rule, the first Fibonacci number row is: 0, 1, 1, 2, 
3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610, 987, 1597, 
2584, 4181, 6765, 10946... The comparison between Fn+1 
and Fn is most of the time similar for any n value and starts 
from specific n value, this comparison is stable. This 
comparsion is called Golden Ratio, with value approaching 
1,618. This Golden Ratio applies also also for human body. 
The determination of hoe handle length involved the 
conversion of the studied subject hand length, vertebrae 
and foot length. In addition, in determining relationship 
formula between hoe handle length and hand length, the 

Fibonacci number was used for simplicity. Various 
comparisons of our body parts measures are always 
equivalent with gold ratio. M/m = 1.618. The first example, 
when the distance between navel and palm is considered 1 
unit, the height of someone is equal to 1.618 unit. that there 
is an ―ideal‖ appropriateness in various human body parts 
which approach the gold ration value, and can be explained 
with the following figure [8]. 
  

 
Figure 2. Golden Ratio of Human Body 

 

RESEARCH METHOD 
 

Time and Location 
This study was conducted during August 2012 to May 2012 
in two locations: Wasrur and Harapan villages in Merauke 
Regency, which are inhabited by Marind Anim ethnic and 
the chosen locations have similar land texture.  
 

Materials and Tools 
The materials used in this study included land sample, 
plastic bag, and water. The tools used included hoe, body 
composing monitor with scale model HBF-362 from Omron, 
Automatic Wrist Blood Pressure Monitor model HEM-6111 
from Omron, measuring tools, writing tools, oven, 
stopwatch, and other supporting tools.  
 

Research Procedures 
This study was an experimental study with descriptive 
survey method. Location selection was performed by 
sampling method, and two locations were selected, both of 
them have similar land texture, representing land in Wasur 
village of Merauke regency. The research procedures was 
divided into several steps:  

1. Land sampling to analyze the land texture. 
2. Determination of tree types as the material for hoe 

handle. 
3. Sample selection which included women between 

25-35 years old. 
4. Anthropometric data measurement of the hoers. 
5. Finding a formula to measure the hoe handle 

length associated to body anthropometry of the 
subject. 

 
The heart beat of the hoers was measured twice, namely 
before the hoeing and after the hoeing. This was aimed to 
find out the extent of work burden during hoeing. After 
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obtaining the beat rate in each of time unit, they were than 
matched to classification table of human work level at age 
of 20-25 years, as listed in the Table 1.  
 
Table 1. Classification of Human Work Level at Age of 20-

50 years old 
 

Work Level Heart Beat/minute 

Very light 
Light 
Medium 
Heavy 
Very heavy 
Out of control 

>75 
75-100 
100-125 
125-150 
150-175 
>175 

Source: Classification of Work Level by Christensen [9].  
 
The performance of land hoeing includes the land 
cultivation compartment area, and the length of land 
cultivation.  
 

RESULTS AND DISCUSSION 
This study was conducted from early Agustus 2012 to April 
2013 in two villages, namely Wasure and Harapan villages 
located in Merauke Subdistrict, Merauke Regency of Papua 
province. The samples selected were the women of Marind 
Anim who did farming activities to fulfill their daily needs. 
This study was a quantitative and qualitative study. The 
quantitative design was used to obtain the measures of hoe 
handle lengths, whereas the qualitative method was used to 
measure the performance of the hoers. The steps 
performed in designing the hoe handle was as follow:  
 

a. Field survey  
The objective of field survey in this study was to determine 
the growing location and types of wood that will be used in 
making hoe handle. The land of Marind Anim in Wasur 
village is mostly grown with kya and rahai trees.  
 

   
Figure 3,4. The stem of rahai trees and kya trees. 

 
The reason to choose these types of wood was that the 
people can get the material easily and can make it 
themselves.  
 

b. Body anthropometric measurement  
This study was conducted in 6 Maind Anim women with age 
of 25 to 35 years old, selected from 37 samples of total 402 
population.  
 

  
Figure 5,6. Anthropometric measurement 

 

c. Determining the formula for hoe handle length 
To determine the hoe handle length, the obtained values 
were converted with the studied subject hand length, 
vertebrae, and foot length. In addition, in determining the 
relationship formula between hoe handle length and the 
three above parameters, the Fibonacci number was used. 
Various comparisons of our body parts measures are 
always equivalent with the gold ration, M/m = 1.618. In 
determining the formula to determine the hoe handle length, 
the steps taken were as follow:  
 

a. Defining the diagram equation of the hoeing 
people 

 

 
 
Figure 7,8. The Marind woman is hoeing and Diagram of 
hoeing process 
 
From this diagram, the following equation was obtained: x = 
x 

 
r + 1 + m = v + w + h                       ......... (1) 
 

b. Determining the comparison of foot part  
To determine the comparison of foot part, the parts the were 
compared included:  

 Distance between navel and knee / distance between 
knee and plantar. 

 Distance between navel and femur / distance between 
femur to knee. 

 Distance between nave; and groin / distance between 
groin and femur. 

 Distance between femur and above keel / distance 
between above keel and knee. 
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Figure 8. The comparison of golden ratio for foot parts. 

 
By using the golden ratio, the measures of foot parts will be 
converted at distance between knee to plantar (h), so a 
comparison of foot parts were obtained as follow:  
- distance between navel and knee / distance between knee 
and plantar = 1.618 
 

g/h = 1,618  g = 1,618 h              ….  (2) 

 
- distance between navel and femur / distance between 
femur to knee = 1.618 
 

e / f = 1,618   e  =  1,618 f 

 
e + f = 1,618 f  +  f  =  g 
 

f    =                     .......... (3) 

 

e =1,618f =  h                                .... (4) 

 
- Distance between navel and groin / distance between 
groin and femur = 1.618 
 

a / b = 1,618   a  =  1,618 b 

 
a + b = 1,618 b  +  b  =  e 
 

b       =                        .......... (5) 

 

a = 1,618b =                                     .............. (6) 

 
- Distance between femur and above keel / distance 
between above keel and knee = 1.618 
 

c / d = 1,618   c  =  1,618 d 

 
c + d = 1,618 d  +  d  =  f 
 

d      =                      .......... (7) 

c =1,618 d= h                                ........... (8) 

 
From the above calculations, addition was obtained as 
follow which was converted with knee:  
 
distence between groin and knee = b + c + d  
 

=    +   h  +   

 

= .                                          ........  (9) 

 

c. Determining the comparison of hand part 
To determine the comparison of hand parts, the compared 
parts included:  
 
- distance between shoulder to finger tip / distance from the 
elbow to finger tip. 
 
- distance from elbow to finger tip / distance from elbow to 
wrist. 
 

 
 

Figure 9. The comparison of golden ratio for hand parts. 
 
By using golden ratio, the hand parts measures will be 
converted at shoulder distance to finger tips (p), resulting in 
the hand parts comparison as follow:  
 
- distance from shoulder to finger tip / distance from elbow 
to finger tips = 1.618. 
 

p/s =1,618  p = 1,618s                            ............. (10)  

 

s =                                                      ........... (11) 

 
- distance from shoulder to elbow = r = p – s = 0,382 p                                     
............ (12) 
 
- distance from finger tip / distance from elbow to wrist = 
1.618 
 

s/t=1,618  t= = = 0,382 p                   ...(13) 

 
Where: 
 
distance from shoulder to finger tip = p  
 
distance from shoulder to elbow = r 
 
distance from elbow to finger tip = s 
 
distance from elbow to wrist = t 
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d. Shoulder length 
To determine the back length, a measurement of shoulder 
length in sitting position was deducted by the seat height.  
 

 
Figure 10, measuring the length of your back 

 

e. Determining the angle between hoe handle 
against land 
 

 
Figure 11. Hoe diagram  
 
The following diagram is a description when the hoe blade 
penetrate the soil.  
 
k = hoe handle length 
 
a = hoe blade (30 cm) 
 
b = hoeing depth (10-20 cm) 
 
c = land surface 
 

 = hoe slope (72
o
 – 75

o
) 

 

= angle between the hoe handle and hand palm 

 

= angle between land surface and hoe blade 

 
To determine the size of the angle, trigonometry calculation 
was performed, resulting the following: 
 

Arc sin   = arc sin   = arc sin 0,5 = 30
0
,    = 30

0
 

 

d. Formula for hoe handle length 
From the figure (7) it can be obtained the relationship 
between hoe handle length wth  body parts, as follow:  
 
v + w + h = r + l + m 
 

b cos 45 + e cos  + h = i + j sin42 

+ k sin 42                                   .................. (14) 

 
 

                            ........... (15) 

 
By substituting the equation 8, equation 12, equation 13, 
and equation 15, the equation 14 results in:  
 

 
 

 

 

k =1,057 b+ 1,495h( +1)   1,142 p 

 
The hoe handle length = 1.057 (shoulder length) + 1.495 
(knee length to plantar) (cos arc sin 

0,707  + 1)  1.142 distance from 

shoulder to finger tips.  
 
The hoe handle length for each of the subject is presented 
in the following Table.  
 

subjek (p) (h) (b) (k) 

T1 79,5 48 49 82,5 

T2 87 54 58 95,2 

T3 83 50,5 52,5 86,9 

T4 84 51 53 92,2 

T5 86 53 55,5 93 

T6 76,5 47 45 82,2 

Table 2 The hoe handle length (cm) 
 
p = distance from shoulder to finger tips.   
 
h = knee length to plantar 
 
b = shoulder length 
 
k = The hoe handle length 
 

Hoe handle production  
The hoe handles were made by using the Rahai and Kya 
woods. The reason to choose these types of woods was 
because both of them grow ubiquitously in the forest of 
Marind Anim ethnic.  
 

  
Figure 12. Hoe handle making 
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At first, the hoe handles were produced in SMK Santo 
Antonius workshop. After that, the hoe handles were used 
by Marind women involved in this study to make them 
accustomed to the use of the new hoes handles. This step 
was taken due to the fact that so far the Marind women 
cultivate their land with short-handle hoe.  The next step 
was empowering the Marind Anim men to produce their 
own hoe handle from the available materials, which was 
expected can be a new business for Wasur people.  
 

   
Figure 13, 14. Marind men making hoes 

 

Hoer heart beat observation  
 
The heart beat of the hoers were measured twice, one 
before the hoeing activity and one after the hoeing. The 
objective of this heart beat measurement was to find out the 
extent to which the workload during the hoeing of the land. 
The measurement results for hoer heart beat and physical 
load level held by the hoers according to Christensen work 
load level classification were presented in the following 
Tables. 

 

Hoer 

hoe handles Work Level 

Short-
handle 

Long-
handle 

Short-
handle 

Long-
handle 

P1 
 

120 104 Medium Medium 

P2 
 

98 90 Light Light 

P3 
 

95 91 Light LIght 

P4 
 

113 99 Medium Light 

P5 
 

99 85 Light Light 

P6 
 

80 85 Light Light 

Table 3, hoeing at 5 minutes 
 
 
 
 
 
 
 
 
 
 

Hoer 

hoe handles Work Level 

Short-
handle 

Long-
handle 

Short-
handle 

Long-
handle 

P1 
 

132 113 heavy medium 

P2 
 

124 102 medium medium 

P3 
 

121 120 medium medium 

P4 
 

117 105 medium medium 

P5 
 

124 107 medium medium 

P6 
 

101 90 medium light 

Table 4, hoeing at 10 minutes 
 

Hoer 

Hoeing at 30 minutes 
(13,14 April 2013, 07.00-10.00 WIT) 

Heart beat 
/minute 

Work Level 

Short-
handle 

Long-
handle 

Short-
handle 

Long-
handle 

P1 
 

165 146 Very 
heavy 

Heavy 

P2 
 

152 130 Very 
heavy 

Heavy 

P3 
 

160 132 Very 
heavy 

Heavy 

P4 
 

157 144 Very 
heavy 

Heavy 

P5 
 

148 135 
Heavy Heavy 

P6 
 

140 124 
Heavy Medium 

Table 5, hoeing at 30 minutes 
 
Data from the 3 tables above, when presented in bar 
diagram to see the work level comparison according to 
heart beat was as follow:  
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Graphic 1, pulse measurement 

 

The total hoed area 
The total hoed area was calculated for every 5 minutes 
using the long-handle and short-handle hoes. The bar 
graphic below provides the hoeing results at 5, 10, and 30 
minutes of hoeing time.  
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Graphic 2, The area of hoeing results. 

 

Analysis 
From the average heart beat measures in several studied 
subject when hoeing using the long-handle or short handle 
hoes as shown in the table below, it can be concluded that:  
 

 
Graphic 3, average pulse measurement 
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Graphic 4, average pulse measurement 

 
From the above graphic, the average heart beat when 
hoeing using the short-handle and long-handle hoes 
increases, in parallel with the hoeing time. At 30 minutes of 
hoeing time, the average heart beat of the subjects using 
long-handle hoes was 135.6 bpm. According to Christensen 
Work Load classification, this fits into the heavy work level 
category. Whereas for those using short-handle hoes the 
average heart beat at 30 minutes of hoeing time was 
153.16 bpm, that fits into very heavy work level category. 
Therefore, hoeing activity using the long-handle hoes is 
more comfortable and enjoyable compared to the short-
handle hoe. This has impacts in subject resistance in 
cultivating land.  The analysis of working efficiency of 
hoeing was presented in the graphic below.  
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Graphic 5, average hoed area 

 

 
Graphic 6, average hoed area. 

 
Hoeing using short-handle hoes shows a relatively 
decreasing trend, particularly at 30 minutes of hoeing time, 
the graphic of total area cultivated by short-handle hoes 
was below the long-handle hoes. This indicates that the 
longer hoeing activity is associated to the long-handle hoes, 
resulting in wider hoed area.  
 

CONCLUSIONS 
Hoeing activity with short-handle hoes is associated to 
bending posture, which when subject to prolonged time will 
make the work too heavy. This in turn results in decreasing 
body resistance for the Marind Anim women in cultivating 
land. This prolonged and chronic situation will have 
negative impacts on their health. The hoes usually used by 
the Marind Anim women in cultivating their land were not 
ergonomic, because it involves the bending of body almost 
90 degree. Using Fibonacci number, a formula was 
developed to determine the ergonomic length of the hoe 
handle by incorporating the shoulder length, foot length, 
and hand length as follow: Hoe handle length = 1.057 
(shoulder length) + 1.495 (knee length to plantar) 1.142 of 
shoulder distance to finger tips.  
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