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ABSTRACT 

Objective: The aim of this study was to develop an ergonomic checklist (AULA: Agricultural Upper-Limb Assessment) 

which can assess the risks of the work-related upper limb disorders of farming tasks in Korea. Background: There are few 

assessment tools that reflect the current condition of agricultural works as of now. Method: AULA was developed as 

following three stages. First of all, a physiological experiment was conducted with selected 14 upper limb postures which are 

frequently occurred in farming tasks and then, an ergonomic checklist was developed with determining risk levels of each 

body posture based on the experimental findings. Lastly, the ergonomic checklist was validated by comparing with the 

existing assessment tools. Results: When comparing the AULA which was developed in this study with the existing 

assessment tools, it was found that the AULA may get over limits of the existing ones which are sensitive to particular 

postures, but aren't sensitive to the rest of them. Conclusion: It is predicted that the developed upper limb posture assessment 

tool which gets over the existing tools' limits and is proper for domestic farm work conditions, will help to reduce 

musculoskeletal disorders caused by farm works, by assessing farm works more easily and objectively. Application: By 

further developing the theoretical groundwork on the induction of muscular skeletal system symptoms relating to agricultural 

works, it is expected to improve the level of preventing and managing such muscular skeletal system symptoms in the field 

of agricultural and farming works, which is relatively less advanced in terms of labor difficulties. 
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1. Introduction 

Corresponding Author: Dae-Min Kim. Department of Industrial Engineering, Sungkyunkwan University, Suwon, 440-746. 

E-mail: kimdaemin@skku.edu 

Copyright@2011 by Ergonomics Society of Korea(pISSN:1229-1684 eISSN:2093-8462). All right reserved. 



482 Yong!Ku Kong  Soo!Jin Lee  Kyung!Suk Lee  Jun!Goo Han  Dae!Min Kim JESK

 

2. Methods 

2.1 Human physiological experimental method 

2.2 Development of ergonomic evaluation tool 
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2.2.1 Decision risk level for work posture 

2.2.2 Decision risk level for exposure time 

2.2.3 Decision of risk level that consider posture and 

time 

2.3 Comparative analysis of ergonomic assessment tool 

developed 

3. Results 

3.1 Development of upper limb ergonomic assessment 

tool 

3.1.1 Decision of risk level about posture 

Table 1. 14 experimental upper body postures 
(B: Back, S: Shoulder, E: Elbow) 
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Table 3. Score for each body posture based on the frequency 
analyses of muscle activities(ES: Erector Spinae, AD: Anterior
Deltoid, UT: Upper Trapezius, TB: Triceps Brachii, B: back, 

S: shoulder, E: Elbow) 

Back Shoulder Arm 
 

ES Score AD UT Score TB Score

B0-S0-E45 1 1 1 1 2 1 1 

B0-S0-E90 1 1 1 1 2 1 1 

B0-S45-E0 1 1 1 1 2 1 1 

B0-S45-E45 1 1 1 1 2 1 1 

B0-S45-E90 1 1 1 1 2 1 1 

B0-S90-E45 1 1 1 1 2 1 1 

B0-S90-E90 1 1 1 1 2 1 1 

B0-S120-E0 1 1 1 1 2 1 1 

B45-S45-E0 1 1 1 1 2 1 1 

B45-S45-E45 1 1 1 1 2 1 1 

B45-S90-E0 1 1 1 1 2 1 1 

B45-S90-E45 1 1 1 1 2 1 1 

B90-S90-E0 0 0 0 1 1 1 1 

B90-S90-E45 0 0 1 0 1 1 1 

Table 2. Score for each body posture based on the analyses of discomfort and heart rate (B: Back, S: Shoulder, E: Elbow) 

 4 3 2 1 

Whole 
body 

B0-S120-E0, B45-S90-E0 

B0-S90-E45, B0-S90-E90,
B45-S45-E0, B45-S45-E45,
B45-S90-E45, B90-S90-E0,

B90-S90-E45 

B0-S45-E0, B0-S45-E45, 
B0-S45-E90 

B0-S0-E45, B0-S0-E90 

Back 
B45-S45-E0, B45-S45-E45, 
B45-S90-E0, B45-S90-E45 

B90-S90-E0, B90-S90-E45 B0-S90-E45, B0-S120-E0 
B0-S0-E45, B0-S0-E90, 
B0-S45-E0, B0-S45-E45,
B0-S45-E90, B0-S90-E90

Shoulder B0-S120-E0 B0-S90-E45, B0-S90-E90
B0-S45-E0, B0-S45-E45, 

B0-S45-E90, B45-S45-E45, 
B45-S90-E0, B45-S90-E45 

B0-S0-E45, B0-S0-E90, 
B45-S45-E0, B90-S90-E0,

B90-S90-E45 

Subjective 
rating 

Arm B0-S120-E0 B0-S90-E45, B0-S90-E90
B0-S45-E0, B0-S45-E45, 
B0-S45-E90, B45-S90-E0, 

B45-S90-E45 

B0-S0-E45, B0-S0-E90, 
B45-S45-E0, B45-S45-E45,
B90-S90-E0, B90-S90-E45

Heart 
rating 

B0-S90-E45, B0-S90-E90, 
B0-S120-E0, B45-S45-E45, 
B45-S90-E0, B45-S90-E45, 

B90-S90-E45 

B0-S45-E0, B0-S45-E45,
B0-S45-E90, B90-S90-E0

B0-S0-E45, B45-S45-E0 B0-S0-E90 
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3.1.2 Decision of risk level about exposure time 

Table 4. An example about each posture scoring(B45-S45-E45)

 Whole body Back Shoulder Arm  

Subjective 
rating 

3 4 2 1 

Heart 
rating 

4  

 

EMG  1 2 1 AVG.

AVG. 3.5 2.5 2 1 2.25

Table 5. An assessment of risk level scores of each posture and
their risk levels 

Posture Score Risk level 

B0-S0-E90 1.13 

B0-S0-E45 1.25 
1 / Medium 

B90-S90-E0 1.63 

B90-S90-E45 1.75 

B0-S45-E0 1.75 

B0-S45-E45 1.75 

B0-S45-E90 1.75 

B45-S45-E0 1.88 

2 / Little high 

B0-S90-E90 2.25 

B45-S45-E45 2.25 

B0-S90-E45 2.38 

B45-S90-E45 2.38 

B45-S90-E0 2.50 

3 / High 

B0-S120-E0 2.75 4 / Very high 

Table 6. A regression equation about duration and 
discomfort changes of each work posture 

[whole body(W), back(B), shoulder(S), arm(A)] 

W y=0.57x + 7.63 

B y=0.211x + 0.078 

S y=0.317x + 0.302 
B0-S0-E45 

A y=0.418x + 0.571 

W Y=0.7x + 7.72 

B Y=0.202x + 0.436 

S Y=0.321x + 0.451 
B0-S0-E90 

A Y=0.436x + 0.571 

W Y=0.733x + 10.759 

B Y=0.207x + 0.698 

S Y=0.6854x + 1.68 
B0-S45-E0 

A Y=0.667x + 1.821 

Table 7. Discomfort of each work posture during the exposed
time calculated by a regression equation[Ex: B0-S0-E45, 
B0-S0-E90, B0-S45-E0 / Unit: minute / Whole body(W), 

Back(B), Shoulder(S), Arm(A)] 

 
Time 
(min.)

1 2 3 4 

W  8.20  8.77  9.34  9.91

B  0.29  0.50  0.71  1.14

S  0.62  0.94  1.25  1.57
B0-S0-E45

A  0.99  1.41  1.83  2.24

W  8.42  9.12  9.82 10.52

B  0.64  0.84  1.04  1.24

S  0.77  1.09  1.41  1.74
B0-S0-E90

A  1.36  1.80  2.24  2.67

W 11.49 12.22 12.96 13.69

B  0.91  1.11  1.32  1.53

S  2.36  3.05  3.73  4.42
B0-S45-E0

A  2.51  3.18  3.84  4.51
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Table 8. Each work posture's exposed time required for reaching
risk levels in the fourth stage [Ex: B0-S0-E45, B0-S0-E90, 

B0-S45-E0 / Unit: minute / Whole body(W), Back(B), 
Shoulder(S), Arm(A)] 

Posture Part Level 1 Level 2 Level 3 Level 4

W 1 2 3 7 8 16 17 21

B 1 2 3 9 10 23 24 46

S 1 2 5 6 14 15 
B0-S0-E45 

A  1 3 4 10 11 22

W 1 2 6 7 13 14 17

B 1 2 7 8 22 23 47

S  1 4 5 14 15 
B0-S0-E90 

A  1 2 3 9 10 20

W  1 2 8 9 12 

B  1 6 7 20 21 44

S   1 4 5 11 
B0-S45-E0 

A   1 4 5 12 

Figure 1. Risk levels considering postures and time 
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3.2 Development of upper limb ergonomic assessment 

tool 

Table 9. Comparison with the existing checklists 

Work   

Posture B0-S0-E45 B45-S90-E0 

Time 5min 5min 

Figure 2. Risk level check list related to the upper limb posture in farm works 
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4. Conclusion 

Table 9. Comparison with the existing checklists (Continued) 

REBA 
REBA score: 1 
Action level: 1 
Risk level: low 

REBA score: 4 
Action level: 2 

Risk level: medium 

RULA 
RULA score:2 
Action level: 1 

Risk level: safety 

RULA score:3 
Action level: 2 
Risk level: need 

improvement 

OWAS 
OWAS score: 1 
Action level: 1 
Risk level: low 

OWAS score: 2 
Action level: 1 
Risk level: low 

Posture 
score 

AULA score: 1.25 
Action level: 1 

Risk level: medium 

AULA score: 2.50 
Action level: 3 
Risk level: high 

A 
U 
L 
A Time 

score 
Action level: 2 

Risk level: Little high 
Action level: 4 

Risk level: Very high
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