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Abstract. Agriculture is a challenging sector in which farmers have the potential risk of musculoskeletal disorders, since their working conditions require awkward static postures. Likewise, oyster mushroom farmers suffered from musculoskeletal disorders in most agricultural work. Oyster mushroom cultivation activities mostly use the upper extremities segments and involve stooped posture and repetitive manual tasks. Therefore, these activities trigger the occurrence of MSD among oyster mushroom farmers. AULA (Agricultural Upper Limb Assessment) and RULA (Rapid Upper Limb Assessment) are two techniques frequently used to evaluate the MSD potential risks in upper limb burdening works. This study compares these two ergonomic evaluation tools, i.e., AULA and RULA, to find the most suitable method for assessing WMSD in oyster mushroom farmers. The comparison was conducted based on experts' evaluation of 26 activities in the oyster mushroom cultivation process. Twelve experienced experts in ergonomics, safety and health, and agriculture were involved in this study, and four oyster mushroom farms in Lempake Samarinda were observed to identify the activities. Hit rate, quadratic weighted κ, and independent t-test were applied to compare the two methods. The result of the hit rate showed that the hit rate of AULA (average: 73%) was higher than RULA (average: 62%). The quadratic weighted of Kappa analysis also showed that the Kappa value of AULA (0.483) was higher than RULA (0.261). Based on these results, AULA has a moderate level of agreement while RULA has an acceptable level of agreement. Furthermore, the independent t-test test showed the scores of AULA and RULA were not significantly different from experts; as well as AULA score was not significantly different from RULA. These findings concluded that the AULA method would be the appropriate tool to evaluate the WMSDs of oyster mushroom farmers in Samarinda. 
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1   Introduction
The oyster mushroom (Pleurotus ostreatus) cultivation sector is vital for East Kalimantan. It has a high potential to improve society's economic level since its sales have not decreased during this pandemic. With an easy production process and stable sales in the middle of the pandemic, farmers increasingly demand this cultivation. In East Kalimantan, mushroom cultivation is found in Paser, West Kutai, Kutai Kartanegara, East Kutai, Berau, PPU, Mahakam Ulu, Balikpapan, Samarinda and Bontang. Based on data from BPS of East Kalimantan, the mushroom harvested area in Samarinda contributed 21% to the harvested area in the province of East Kalimantan. In 2019 Samarinda was the highest mushroom producer compared to the nine cities in East Kalimantan. Its production was up to 11,372 kg. Its productivity level was also the highest at 44.42kg/m2 [1,2].
Likewise, work-related musculoskeletal disorder (WMSD) is also developed in oyster mushroom farmers in most agricultural work. The working condition requires non-ergonomics sitting or standing, such as bending, leaning the body or head forward, repetitively hand movement, and carrying heavy loads. The preliminary survey using Nordic Body Map Questionnaire showed several complaints of pain in several body segments after working, especially in the trunk and wrist. This finding was by Dianat et al. [3], who stated the incidence of MSDs in Asian farmers was very high in the trunk, hands/wrist, and shoulders.
RULA (Rapid Upper Limb Assessment) [4] is a method that is often used to evaluate MSD in agricultural works [3,5-8]. RULA evaluates the MSDs' risk based on observations of posture and force on the neck, shoulders, shoulders, elbows, back, and supported and balanced legs [4]. This literature observed MSD among farmers in general [3,5,8,9] and in a specific group of fruit [7] and pineapples farmers [6]. 
In 2010, Kong et al. developed the ALLA (Agriculture Lower Limb Assessment) to measure the risk of physical work in the lower limb body, specifically in the agricultural sector [11]. Because ALLA can only analyze the lower limb, in 2011, Kong et al. developed AULA (Agricultural Upper Limb Assessment), which measures physical work risk only for the upper limb [10,11]. Furthermore, in 2015, Kong et al. introduced the AWBA (Agriculture Whole Body Assessment), which is a combination of upper and lower limbs (whole-body) in the agricultural sector as well [13]. These three methods also use a scoring approach such as RULA and REBA to measure the risk level of MSDs.
Kong et al. compared WMSD in agriculture sectors (ALLA, AULA, and AWBA) and other ergonomic methods for assessing MSD, such as RULA, REBA, and OWAS [11]. This study observed general agriculture workers who work as fruit growers (grape, peach, pear, strawberry, melon), rice farmers, and vegetable growers (tomatoes and cucumber). However, less is known about the utility of those methods in a more specific group of farmers, such as oyster mushroom farmers. As observed before, activities in oyster mushroom farms involved many variations of upper extremity posture. Therefore, this study compares the AULA method developed for agricultural workers with existing MSD assessment tools (RULA) to identify which method is suitable for measuring the MSD experienced by oyster mushroom farmers. Four oyster mushroom farms in Samarinda, East Kalimantan, Indonesia, were observed to achieve the purpose of this study.
2   Materials and Methods
This study compares two methods for assessing the level of ergonomics of work postures (AULA and RULA) against expert assessments. The samples in this study are 4 (four) oyster mushroom cultivation located in Samarinda, East Kalimantan. There were 26 activities observed in this study, starting from the mixing process of planting media to the harvesting and packaging process. Each activity is taken with a picture using a camera; then, the researcher calculates the level of ergonomic risk of the work posture using the AULA and RULA methods as presented in Figure 1 and Figure 2.
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Figure 1. Work Posture Assessment Worksheet using AULA.
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Figure 2. Work Posture Assessment Worksheet using RULA.

Pictures of the work postures of each activity are also given to experts to estimate the ergonomics risk value. A total of twelve experienced experts in ergonomics, safety and health, and agriculture participated in this study. The expert assesses with a 10-level rating scale: 1 = very safe posture to 10 = precarious posture. Then the risk level score estimated by the experts was calculated on average and classified into four levels (1= low (average: 1.00–3.25); 2: moderate (average: 3.25–5.50); high (average: 5.50–7.25), and 4: very high (average: 7.25–10.00). This classification is intended to homogenize the level of risk groups under AULA and RULA, each of which has four levels of risk.
Furthermore, several statistical analyses were performed to confirm whether the assessments of AULA and RULA match with the experts. There are hit rate analysis, squared-weighted kappa analysis, and independent t-test. The hit rate analysis was conducted to compare the assessment of the expert and each method. The squared-weighted kappa analysis was performed to measure agreement between the result of experts and the evaluation tools. Based on the Kappa score analysis criteria shown in Table 1 [14], the analysis was performed. Based on this quadratic kappa analysis, it will be obtained which method is most appropriate for the expert's assessment, which means that this method is the most suitable to be applied to measure the ergonomic risk of work posture in oyster mushroom cultivation activities. Meanwhile, the independent t-test was conducted to test the significance between the expert assessments and the AULA or RULA calculations, whether they had the same assessment or were significantly different. In addition, an independent t-test was conducted to compare whether there was a significant difference in the assessments between AULA and RULA.

Table 1. Kappa Analysis Criteria (K).
	Kappa (K)
	Strength of Agreement

	<0.20
	Poor

	0.21 – 0.40
	Fair

	0.41 – 0.60
	Moderate

	0.61 – 0.80
	Good

	>0.80
	Very Good


3   Results and Discussion
3.1   Hit rate analysis

The hit rate analysis was performed to examine how well the experts’ assessment matched with the risk level assessment of evaluating tool for 26 activities of oyster mushroom production. The hit rate between experts' and RULA assessments was 71% for risk level 2 and 58% for risk level 3. Hit rate result of the AULA assessment also showed 86% matched with experts’ assessment for risk level 2 and 68% for risk level 3. The average of matching expert assessment was 62% for RULA and 73% for AULA. Based on hit rate analysis, AULA was better well-matched with the expert assessment. 

Table 2. Risk level distribution of RULA and AULA compared with expert assessment.
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3.2. Quadratic Weighted Kappa Analysis

Table 3 shows the level of agreement between expert assessment and the existing ergonomic tools for upper limb (i.e., RULA and AULA) using Quadratic weighted kappa analysis. Kappa's value of experts' evaluation and AULA evaluation was 0.483, with moderate consistency. The kappa value between the experts' results and the RULA results showed an acceptable level of agreement of 0.261. Thus, based on weight quadratic Kappa analysis, AULA agreed more with expert assessment than the RULA methods. 


[bookmark: _Hlk105329644]Table 3. Quadratic Kappa Analysis of AULA and REBA.
	Assessment Tool
	Percent of Agreement (%)
	Kappa Value
	Strength of Agreement

	AULA
	48.3%
	0.483
	Moderate

	RULA
	26.1%
	0.261
	Fair




3.3. T-Test Analysis

The t-test analysis result showed that the risk levels between RULA and AULA and expert assessment were not statistically different (α > 0.05), as presented in Tables 4 and 5. When RULA was compared with AULA, the t-test result showed that the risk levels between the two methods were not statistically different (α > 0.05), as shown in Table 6. Since the average risk level of AULA was not significantly different from RULA, it could be predicted that the risk level of these two methods and expert assessment would not be different. Although RULA and AULA were developed to evaluate upper segment working posture, the criteria used to determine the score in those methods are different.


Table 4. Result of t-test between AULA and expert assessment.
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Table 5. Result of t-test between RULA and expert assessment.
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Figure 3. Comparison between RULA, AULA, and expert assessment.

Compared with the experts' working posture rated as risk level 2, RULA showed a higher risk level (0.29), and the AULA assessment tool showed undervaluation (- 0.24), as shown in Figure 1. For working posture, rated as risk level 3 by the experts, all the ergonomic evaluation tools showed undervaluation, RULA, and AULA (- 0.21). Despite the difference between experts and the two ergonomics methods' assessment, RULA and AULA risk levels were not statistically significantly different from the experts' assessment (α > 0.05). 
Although AULA and RULA were developed to evaluate upper limb working posture, the criteria used to determine those methods' scores are different. AULA assesses 14 upper limb postures. The upper limb postures are evaluated by observing the angle of the trunk combined with the tip of the upper arm and lower arm. In determining the risk score, AULA considered the duration of each posture. On the other hand, RULA determines the risk level by assessing the angle of 6 body segments (i.e., neck, trunk, lower arm, upper arm, wrist, and leg) separately. 
Furthermore, in the case of RULA, points can add to the total posture score if one or more body parts are held for longer than 1 minute, and an additional one more point also can be added if the frequency of activity is more significant than four times per minute. These methods use the same criteria for calculating the risk regardless of the posture that experiences those conditions. According to the previous study by Kong et al., the difficulty level of each posture while experiencing those conditions (i.e., static workload, repetitive movement) are different. Therefore, this additional point might overestimate or underestimate the risk level [13].


4 Conclusion

In summary, based on all analyses (Hit rate, Quadratic Weight Kappa, and t-test analysis), the risk assessment using AULA in oyster mushroom farms was relatively well-matched to the expert subjective assessment other than RULA. Thus, this finding concluded that the AULA method would be an appropriate tool to evaluate the MSD risk of oyster mushroom farmers in Samarinda. 
The limitation of this research is that the assessment tool used in the comparison is limited to RULA. Future studies could use a wider variety of ergonomic assessment tools to compare work postures in agricultural work, specifically for upper and lower extremity posture, and verify which assessment tools are most suitable for more specific pastoral work.
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