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Objective: The purposes of this study were to validate the accuracy of AWBA
(Agricultural Whole Body Assessment) by comparing with expert's evaluation and
to suggest the improvements of AWBA based on the results of this study.

Background: In the agriculture field, many tasks could have awkward postures such
as back, neck, and knee flexion according to the crops and growing processes. Many
risk assessment tools such as RULA (Rapid Upper Limb Assessment), REBA (Rapid
Entire Body Assessment), OWAS (Ovako Working posture Analysis System) have been
used to quantify these awkward working postures. However, existing posture assessment
tools were developed focused on the manufacturing industry, not on the agricultural
tasks which require different types of working postures with the industry sites. Thus
there are many limitations for applying these assessment tools to evaluate agricultural
working postures. To overcome these limitations, AWBA has been developed with
focusing on the agricultural tasks.

Method: The validation study of AWBA was conducted based on comparison with
the expert's evaluation results. For validation study, a total of 80 working postures
were selected from pepper and bean crops. At least one representative working
posture was obtained from each unit work for each crop, and the experts were asked
to evaluate subjective risk levels for all 80 working postures with 4 risk levels. To
compare the agreements between AWBA analyses and experts' evaluations vs. between
other existing assessment tools' analyses and experts' evaluations, percent of agreement
and weighted kappa analysis were applied. Based on these results, improvements
of AWBA were also suggested in this study.

Results: The largest percent of agreement (44.4%) was obtained from AWBA and
it is significantly larger than the percent of agreement of existing assessment tools
[RULA (28.3%), REBA (37.6%), OWAS (28.6%)]. Kappa values of AWBA and REBA were
0.44 and 0.47, which means 'moderate consistency' also significantly larger than
results of RULA and OWAS. Results also showed that there are some difference
between AWBA and expert's evaluation at the back flexion posture (at 90°) and standing
posture. Based on this, ABWA was revised and thus a revised Kappa value has been
changed to 0.62 which means 'substantial to almost perfect'.

Conclusion: The agreement between AWBA and expert's results was significantly
higher than existing assessment tools. However some revisions were needed to improve
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the accuracy of AWBA. Thus, AWBA was revised based on the results of this study
and the revised AWBA which was improved has been suggested.

Application: The results of this study could be applied for evaluation of agricultural
working postures and may lead to improve the accuracy of risk evaluation in
agricultural field. Eventually, it could improve the work environment and reduce
work-related musculoskeletal disorders.

Keywords: Ergonomic risk assessment tools, Agricultural Whole Body Assessment

(AWBA), Rapid Entire Body Assessment (REBA), Rapid Upper Limb Assessment
(RULA), Ovako Working Posture Analysis System (OWAS)

1. Introduction

=% 2OOME &Z0 ZRL Mo mat &Y X, Y, Ee Tt & ZHAYENTE 0fR ChASIA #Malsict #ot ofLzt
=0 metd B %e Kb, 82l 25 59| EXAARE RbA7F 0jR Mo LdsiH, EFAI7|0 =s&0| BELE £H2
Z=CHKim and Choi, 1997). Wt 2 LHATSHO| S0 2 YT T SLIE &310, 2017H =2 AT LAHLME S
O Mg 07322 ME0F B Mol 0482LH 2 +=X[IE LIEHHACKMinistry of Employment and Labor, 2017). ££3F, =& Z0F2| XY
At == sYQATe 1Yo Mt XNSHCE S5t Qe FME, 2016 20| MM &9l MoiXt £ ML CHH| B 058%
2 AE Z713 U, 52 1267%2 2 EO= FIIGILE 0[2F 20|, =Y iR I EF & siLto|l wsolrtol Z43 1
Yot SHHEICHE FOIM s SARKS| NS flot OILot CfM Op#o] st A7YOo|Ct

SNY i AY B Y B2 YIS0 3acte Y2 234 FEoE, 2E|UEt sY0le 2EAA S5 BHER 805%=
02 =A LIEFLED UCHKo, 2012). Ol2{3t 224A Hot2 ntedt 20| A, BAIAY 2 KA, BHE 52 220 ofsiA U

O

FCH(Westgaard and Aaras, 1984; Armstrong, 1986; Putz-Anderson et al, 1997; Kee, 2003; KOSHA, 2005; Kim et al, 2009). £3|, #XAt¢A
B2 &Y AME ot &, 52| § &X|Q 252 Het Lol FE QIS 2 (Westgaard and Aaras, 1984; Armstrong, 1986; Putz-
Anderson et al, 1997; Kim et aI 2009), O|2 QI%t H5tE HIISI7| /810 RULA (Rapid Upper Limb Assessment), REBA (Rapid Entire
Body Assessment), == OWAS (Ovako Working posture Analysis System) &2 H7t=77} da| ALEE/0OfA tCt

r

JiLt, of2{et A HItETSE MZYUE Yo RE JHLE BII=T2M, MEYD &Y S40| OHE S5l XtME EII5t7|of
= SHAIEOl QUCt Y MEYte el ZrACiLE 21 ofRte| HX|7t &lX| 2 stEe s, Hf'%*oﬂ L 2O BHE 2 KHM|Zt
0§ QiHSHA RHEEICH J2{Lt OWAS, RULA, 12|10 REBA S 7|EQ| AtM| IR E2 Ol2{et &Y XHME B7HE + s 2aE
St UX| pfon, 2t 7|#7te| UK = Eo B2 A0 LFEP-H:f(Miedema et al, 1997; Lee et al, 2003; Moon, 2003; Kee and Park,
2005). 1 &, RULA CHet E7H7F Cha 25}

0 4o CHet £5HE HII6H|Ofl= XetstA| ¥, REBAQM OWASE CHE H
EH'StCH(Miedema et al, 1997; Lee et al., 2003; Moon, 2003; Kee and Park, 2005).

kA, of2fet SHAEE F5517| fIehM & AFE2 8H0| 28 =0 &Y E48 dE £+ As &X BIt=(Agricultural
Upper Limb Assessment, AULA)Qt SHA| H 7= (Agricultural Lower Limb Assessment, ALLA)E 75t 2 (Jung et al, 2010; Kong
et al, 2011), 0|5 S&oto] MM HIH=F(Agricultural Whole Body Assessment, AWBA)S 7H2SRICH AWBA EILZT S QIelA
THE, Al 02|10 Ojgite| RN SHEVE ZPERC, 2 KMt wE AT M2t 4749 E+FEoR EREEE Y

LS ACH1=medium, 2=moderate, 3=high, 4=very high). AULAS} ALLAE Bt=r &Y SHE0A 7HE HIHGSHAH BEE= RSS2 T
Moo= o, Zk2t 13719t 14702] RMZ &[0 QUCL ALLAE Kong et al. (2018)2] S1720f| ofsiiA F=tzof Eteto| AT E Ht U

C ALLARH AULA 5= 79| H7t=FE Sesio] MAZ HIte = e ™A BIH=(Agricultural Whole Body Assessment, AWBA)7Z}
Nl AT

M=z 7i2E AWBAZH EE2| ALEE|7| floiME HBIFF0| Xz HAE|O{0f ottt M2t 2 Ao 552 1) 7[EQ KA 8
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7HETLOWAS, RULA, REBA)Rt ME7t H7
o 3 EANMZ =ES= AO|Ct O

o=

t Zateto] HWE SoiA AWBAS| FLE HBsh= Znt 2) A7 Znto| 2713101 AWBA
|3t Z 3) £+ /= AWBAS| MELE H|WS HE 3

2. Methods
o HHE2 A A tHAZ Lo ZICE R R EHAlE E7t A0 &= XtHE MBSt AR, 139t 3 E=0A 807Y
|7} MEE|QCtH T R SHAl= 4709 XEM| BIFZ L(RULA, REBA, OWAS, AWBARM MEZ7F 422 EsiA 80742 A0
O, OfX|2te = EIt AutE H|wst?| 5o SAHXQ WS AESI0 7|EQ| WISt AWBAZHS| XO|H

Bot Znete] YR =5 ZAHCL

2.1 Posture selection

Zt HI=THRULA, REBA, OWAS)QF AWBAS| HIWE (510 130t 3 Zr=0l|lM Ldlste 2 XM E Table 12 20| MFSIACH 2}
HES CHEgoz 2R Flof SHZY HE 17 o|4o| EEY ANIO| ZEE|EE FHSIRACE matd & 807} 4874, 3
3271 Y KM7F BAHS Qs MEE|QCE S0 DAL RO Y2 AHMEE 2|2 45° 0|4 I8|= RMTK| CHIEHY
of w2t Chsh 2 XtAI7) BEE[E ZS0|CE £3| 5|2|E 45° 0|4 Fo|7{Lt HIEE EXHst RM|Q| ot ZHA|ZH H|EO| 15
9| AR 25~50%, B2 AP 10~20%E AHX|St7| WEof 2 KM Iz B7to| AT 2502t ARE[O|M MFHSHA EUCH

(Lee, 2012).

Table 1. Selected body postures of pepper and bean crops

Pepper Bean
Description of task # of task Description of task # of task
1. Bed soil work 2 1. Rotary 4
2. Seeding 3 2. Vinyl mulching 3
3. Raising seeding irrigation 3 3. Seeding 4
4. Seeding transplanting 3 4. Earth up 3
5. Muckspread 4 5. Control 2
6. Rotary 3 6. Cut off sprouts 2
7. Vinyl mulching 3 7. Weeding 3
8. Top dressing fertilizer 3 8. Harvest 3
9. Pendants installation 3 9. Collecting harvest 4
10. transplanting 4 10. Transportation 1
11. Weeding 3 11. Threshing 3
12. Cut off sprouts 4 Total 32
13. Lining 2
14. Control 3
15. Harvest 4
16. Transportation 1
Total 48

http://jesk.or.kr



594 Yong-Ku Kong, et al. J Ergon Soc Korea

2.2 Posture evaluation

MEE 8071 XEM|O| CHEFO] 474K BIZFE THRULA, REBA, OWAS, AWBAE AM23810] XtM| BIIE L8} QlCt QlZtast 2of Mo
M. gt HFLR0| 7| EQ| 47kK| EIt=TE 0|835H0 80712 XtME EIISIRISH, St XtM|0| CHot Izt ot Foh &
02 42, M2Me Sdf LXIE A2 ZESIRIL

HE7F BItet Hlwst7| 2I5t0] BiAtg =& 20ko| Q17tgst HMETL 10Hoj|A| 807H°| = XH1I01| Chst EP&*‘ ?
2SI, YFEE HIH= RULA, OWAS, AWBAR} &

o
0| Ha Y2 of 7HCZ, w4 A AR 52 ABM SAt= x—Er'7rE tye=z orM h
AWBAE 0|&835t0] =FS HII5t7| QIshM, 24 AULA (Table 2, Left)2t ALLA (Table 2, Right)E OI +01 HX|2F SHA| REM| 242t

2
Of Chet B7+E &Sttt Table 20iA, 243t nA} of= XY AtM|2t 7+ FAFSH SX[QF SHX| XM E MEHSHE, 2249 risk levels E
75HA| ElTt B7tEl AMQ risk level HE Table 30 M &SI, ZTH22 7k ApA0f TS A XWI o fledrEs Y=Lt AT

Table 2. AULA (left) and ALLA (right)

Agricultural Upper Limb Assessment (AULA) Agricultural Lower Limb Assessment (ALLA)
BO- | BO- | BO- | BO- | BO- | BO- | BO- | BO- Standing Sitting
SO SO | S45 | S45 | S45 | S90 | S90 | S125 - KF KF (F50 e e e S
-E45 | -E90 | -EO | -E45 | -E90 | -E45 | -E90 | -EO 150 | 120 40 20 0 CRS
Posture Posture

LENMHEEY IDXYTNANS
O EHEREN R R

B45- | B45- | B45- | B45- B90- | B90- Squatting Kneeling

S45 | S45 | S90 | S90 S90 | S90

-E0 | -E45 | -EO | -E45 -E0 | -E45 KF60 | KF30 | KF30C KNL_1 | KNL_2
Posture Posture

LGS N a‘!? NS

Table 3. AWBA table

Agricultural Whole Body Assessment (AWBA)

AULA

ALLA
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AT ol M 474K YE+FEL 2 #FE CH1=medium, 2=moderate, 3=high, 4=very high).

HMEJL Mot 2t Hot=77tol HlnE {510 & UX|Z(percent of agreement)?t Kappa analysisS AHESIRICE 2 AT0|A &

X2t M27F Zatet 2t 7t A7t M2 YX|ot 35 MEEFE LEIYH A2 Q0|9 Kappa analysis®| 8%, = AT Of

= A =07 WZ0| 7t Kappa (Quadratic Weighted kappa)E A&3t0] 24 & SR H, Kappa A2

val (2000)2] &FHAI0| M2} Kappa AFE 7I1FC2 0<k<0.2: YKX|= A7t UZ(slight); 0.2<k<04 LK = EE(fair)

04<k<0.6: OEX| Z Z(moderate); 0.6<k<1: YX|&= OIF ZZ(Substantial to almost perfec) 22 S MSIUCE HIAZ|AE7HS| Fo[O|

ot X10|E 2M5t7| 250 One-way ANOVA 242 IR, MEEMOZ Tukey-testE +HOIRACE E= SAHZ 42 SPSS ver
1802 A o

oy

3. Results

3.1 Percentage of agreement and Cohen's kappa analysis

M2t "ot Antet HItE17ko| &8 UX|Z(percent of agreementys B7tETo| Z20| W2t EAXHCZ {93t Xt0|2 £ ULt
(p<0.001). ¥27} Bt AWBAS| %'Xlﬂr H4%E 1Y EUCH, & HIMZ =2 X == REBA (37.6%)0A ZHEERACE 7HY

Hu
Oy M

2 UK RULA (283%)2F OWAS (28.6%)0lA LZAT|QUCHTable 4 & 5). Kappa Al$=2| A2, AWBAR} REBAE Z+Zt 0449+ 047
2(Moderate) X0 stz A2 LIENGCOH, OWAS (032 E&(Fainl siFdts LXZE ERICL RULAS| X E =FE 004
2 ZkSlight)ofl siHste A2 LIEFRLCY.

Table 4. Percent of agreement and Kappa value according to checklist types

Checklist Percent of agreement (%) Kappa value Strength of agreement
AWBA 44 4% 044 Moderate
REBA 37.6%8 047 Moderate
RULA 28.3%¢ 0.04 Slight
OWAS 28.6%¢ 032 Fair

[Note: Different alphabets indicate significant difference between means using Tukey's test at p-value 0.05]

Table 5. Cohen's kappa analysis between expert and checklists

AWBA REBA RULA OWAS
1 2 3 4 1 2 3 4 11 2 3 4 1 2 3 4
1 111 8 | 99 4| 0| 59 | 47 510 9 | 49 | 51 2 | 105 6 0 0
2 | 184 | 5 (149 | 30| 0| 62| 97 | 25 | O 70 77| 92 8 | 128 | 54 2 0
Expert | 3 | 255 | 7 | 89 | 139 | 20 | 20 | 109 | 122 | 4 2 | 129 | 117 7 72 127 | 56 | O
4 202 | 8 | 46 | 107 | 38 9| 47 | 141 | 5 0 | 101 91 |10 | 32 | 105 | 65 | O
A | 752 | 28 | 386 | 280 | 58 | 150 | 300 | 293 | 9 | 18 | 356 |351 | 27 |337 | 292 | 123 | O

http://jesk.or.kr
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3.2 Frequency analysis of grade gap according to the checklists

2 Bl=TE0 BIt PES ATEI| S0] He XO(HMET BA-BIET B T HE2AS SusHeACkFigure 1), 12
IO xx2 HE7Iet WIt=2te| 4 X0|E QJn[otn, yx2 BI=S oJO|sict. WEtM ME27tet Hot=2te| H47t 3Yot 4%
00 sHiPots &S R =o, Sl 0= T2t Bt Havt WItEFEL 252 20[6ts B, 240 3f= HE7t9
B2} 47t IS RECH LSS ol0fsith AWBASl B2, HA Bt 5 o 4%t MBI YR SUs A2 Wi, o
35%= HE7IEC $2 HeE U 21%s HE27IE0 22 H+E BI7H5IA0 REBAS| 82, o 38%= H&7F Mt SYsiH ¥
FIHOLL, 51%E MRIHELE W2 AR, 1% HET L 52 HA2 WIISIYCE RULAS B9, HETHet UK BRE o 26%
of S5t H, & 44%= ME7t YHELD $2 He2 Bo6tAon, o 28%s TE7F YEECH =2 BIHSHRICE OWASe| 32,
o 20%E MEJ WE SUS 42 WIYOU, O 71%= M2 HEHEC W2 HAE BIRAD of 1%s MEJt Wit
Ch =A BotSRIc
400 4 400
350 - 334(44%) |
30 312(41%)
300 - 300 - (38%) 283
3 250 - 250 -
g 201(27%)
g_ 200 - 200 -
] (20%) 149
w 150 - 150 -
100 - 100 - 10%) 76 -
56(7%) (10%) 67(9%)
50 - 50 -
0(1%) 4 8(1%) 1%) 5 9(1%)
0- —_ 0-
3
Grade gap (Expert-AWBA) Grade gap (Expert-REBA)
400 - 400
350 1 350 A 320(43%)
300 300 -
§ 250 - s 213 227G 250 - (29% 215
S 200 200 - 177(24%)
g (20%) 148
w150 - 150
103(14%)
100 - 100 -
(8%) 59
50 - 50 - - 32(4%)
2 . 0 0o o®8
0 t— 0 —
3 2 2 3 3 2
Grade gap (Expert-RULA) Grade gap (Expert-OWAS)
Figure 1. Frequency analysis of grade gap according to checklist types
3.3 Evaluation of AWBA
HE7¢ HEe| 42 Eot 2t 4719l figeE0l oioto] HuX D27 FZSHX|TL AWBAS| BE oF 88%(666)2 A7t 25
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o 3EHA O] MEE= 382 UK (Table 6).

AWBAS| H7IATE BATL HME TES QoA 2t YE4FE HE AWBARF M2} EII7to| X102 EAMEIUCHTable 7). ME27}
CHO| YIE= 10[2t0 TS 2= & 111AZCH, O & 7%@67)2H0] AWBAS| ZAntet LX|SIA D, AWBAE 2F 89%(9971)0f| CH
Sto] IEFE 28, 4%ud)E f@sE 322 0t BILSHYCH

ME7H Yol SI4F 22t BIISH 2, AWBAS| UXIS2 81%2 7H EALH, oF 16%307)0l Choi M flzdF 30/2ta &
CHA| Tbf BoRSHRICE Eoh ME7E MTHo| /= 30(2tn IS 4225571, AWBARL EX[sH= BRE 5 5%(1397d)O|9";9D4, 35%
@)= YT 22t oF A Dt HIRSHQICH AE7F HEHo| Y@sF 42t FIHo 42, AWBARLS| YX[EE 19%384)0 =
W5k, 53%((1077)0ll TS M= IRSFE 3, 24%@9T)0l thshM = -+E 2, 22|10 4%@87)0l M e dsZE 12 o4 3
7tte Z>O| LtEHRCE

Table 6. Frequency according to the level

AWBA Expert
Level 1 28 (4%) 111 (15%)
Level 2 386 (51%) 184 (24%)
Level 3 280 (37%) 255 (34%)
Level 4 58 (8%) 202 (27%)
752 (100%) 752 (100%)
Table 7. Kappa table between AWBA and expert
AWBA
1 2 3 4 A
1 8 (7%) 99 (89%) 4 (4%) 0 111
2 5 (3%) 149 (81%) 0 (16%) 0 184
Expert 3 7 (3%) 89 (35%) 139 (55%) 20 (8%) 255
4 8 (4%) 49 (24%) 107 (53%) 38 (19%) 202
A 28 386 280 58 752

AWBAE HE7P7t IE+F 1HHAHZE ¥
AZ Hotet XM ES iR SH2 M
HIE2 A 5K XtMle fId4+E 2T 2

£ AWBAZ2| Standing (STD) AtAl H49|

Y Bt AES 2QUCH ME27F FCHo| Q¥4E 16t

t
h%t ZHE BN silZE & Ut AtZEICE
HETL7L 4THARtD HIKSH At AL, 19%2| Z1tTH0| AWBARL LX|RHOD 53%2| AL HSTE 3, 24%9| 42 dsE 28

AWBAS| Tt BT Ze0| LHE|ACE TRIP 4EA 2 Hoteh XMle 27 2O o2 XAt 82§ 90° o4 Tl [ E £
Fg 5= AACKFigure 3). EHH, AWBAOIME S{2|E 90° 0|4 3 XM E SIF+F 22 EIIst7| 20| I’-L’t Yoot B0l LiEt

http://jesk.or.kr
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oD, 52| == AtM|of ot ot F7F B2 7|E fdaE 2HeR Fik
2 OfL|Et TE7te| 3% ZOad Y2 XM= | o =
of Z=of matM 3Fat 422 MBS ZRE7] WEM Mt FItohks BE0| LIEHH 22 AR EL.

Figure 2. Postures that experts evaluated as 'risk level 1'

\\\\\ A\

Figure 3. Postures that experts evaluated as 'risk level 4'

3.5 Result of revision

3439 Hoto watA 7|ELQ| AWBA BItEFE CHE1t 20| =85t CHAppendix &X). 8HX| B7FZTHALLA)S| &2, Stand (STD)
XME 712 280M 1HCR dlek Yo, MX| HILETAULAGME F 09| 3]2| 90° 2= XIM|(B90-S90-E0, BIO-S90-E45)
of cHsto] 7|1E 2™oM 4oz MY ZFSIRUCL 8 M/= HwE 50 st AWBAS O|8310] 807 RHA|Of| Cit HIHE Tt
Al SRt

0.

Table 8. Kappa value of existing AWBA and revised AWBA

Existing AWBA Revised AWBA
1 2 3 4 1 2 3 4
1 111 8 (7%) 99 (89%) | 4 (4%) 0 68 (61%) | 38 (34%) | 5 (5%) 0
2 184 5(3%) | 149 (81%) | 30 (16%) 0 53 (29%) | 85 (46%) | 44 (24%) | 2 (1%)
Expert 3 255 7 (3%) 89 (35%) | 139 (55%) | 20 (8%) | 18 (7%) | 41 (16%) | 158 (62%) | 38 (15%)
4 202 8 (4%) 49 (24%) | 107 (53%) | 38 (19%) | 11 (5%) 502%) | 128 (63%) | 58 (29%)
A 752 28 386 280 58 150 169 335 98

OH
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-
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=
o
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S H AWBAY 478 T AWBAS] BRES HIMs}7| A0l BRI BIIRISl AKIEE Kappa £MS SeHA EESIZOD, B4 o
e 2437 SYoHYCH s

=8 ™ AWBARL TE7F HIIZHO| Kappa Al 042 &
7

: 2(Moderate) 2A|E=0f 35t HHH
AWBAZ| Kappa Al 0.622 OFF Z&(Substantial to almost perfect)i| siEst= 22

|
2 LtEFSCHTable 8).
4. Discussion and Conclusion
4.1 Existing AWBA

£ H715H7] QIsiM i E AWBAS| EtFEE AT JMArR S EESHY| fISiM =R RUCE EfEE AT
£ 7|50 2 +3L|QCt AWBAS ESSH 7|Z0| HIHE TLE(REBA, OWAS, RULA)IF ME7F H7to| UX|=E H|
ot & UX| = (Percent agreement)?t 7+& 7IHE A (Weighted kappa analysisyS AR SIALCE && UX|ZO| AL, AWBAZL
44%2 ™27t o] UK =TIt 7HY = A LIEFSIOH, REBA (38%)0IA & HMZ &2 UX|=7h HEE|ALE 7t5 FtatEMol 4
2, AWBA2} REBAE E2(Moderate) X2 HILT|Q 20, OWASt RULAE ZHZt EE(Raindt 2AZH(Slight)e] LX=E 2QICt S&
UKot FtIHREM S Belel 242 Of, = SFEO0| JHLS AWBATH HE7F TTHe| HIt Antel THY RAIREE 2

=
BrteETE2 28 32 KM A KN S SEOA BIHsHA 2EEE RS Eor &+ e 847t 7
=

Zp7E FA LIERE Ao|2t ALREICE HIE, AWBAS| HEIHOQl AXE7t COHE B ECE A LIRAIRL B7te] Bt g ofd
AZ17] QlsiMe R 7HX] J§M0] BEFL|AT[0f 2 HTES AWBAL| JHMdS fI5H0] AWBAS| Bt AtE HEQA A4S, O

ZIE HBCR JWHHE =ESIRACL

AWBASH &7t T Bt Zate| Ao|7t 7Y A UEHE KiME StandingO| ALt THEE2| HE7HS2 Standing SEHOA X
of SOl AKX B2 AAMOf CHotO], 2 102t kg BHE, 2 Aol SHA| FIIOME 2Kt SHE RbMI@40cm, 20cm)2t
Cross-leg sitat 22 CiFot ZtME &M 12{5t7| W20 Standing XM= SIXIOl St= A0 HIBHY @=F 22 oF BHA =2 E
7=l ACL O2{St Olf 2 HE7I7t flgaE 10[2t1 BIteh Al Sl 8847t AWBAOIME 2= 22 E7HEQ7] MR 2
= 10 tiet LRI80| 7%= XMt RA =E&UCE 0|28 S LX|= 7|E0 2522 B7tE|E AWBAS| Standing AbAl HE

- =

—_

o ﬂJl

HMETtet AWBAS| HF Znt Ztofl 2 X0|E E/HE E CH2 XME 32|E 90°2 2TJAI7|& XHMRICH AWBAE 8l2] 90° 23 Xt
ME |d=F 22 "oI5te B, ME27 HHE2 Y3 KMol CHstol RsF 3 £ 42 &2 B/tste 482 20 7|1E9
M B7t=FEE 82 90° 25 KMo T3t 2 ez H+E fatetch it AWBA JHEIPEOA 3E Moo m=H
(Kong et al, 2011), & NS0 2gd=E o2 2= 90°Y I 7He Wom, TN gHE YA Hluy &2 £X|S =it o] A
o AUE 7|He 2 AWBAE 32| 90° 22 AHMIE QWL 2FOZ HuX A HIIGIEE MALQICH 2 HTE Qo e 7
XHE0| 3i2|E Moz iz 23S I S 289 2EYEIt LAt Flexion-relaxation T2 SHEIH2H(MCGIll and Kippers,
1994; Shirado et al, 1995; Sakamoto and Swie, 2003), O|2{3} Flexion-relaxation®i| QSN 2§29 & X[ 2EEE9| 1% 0|2t
X| Z28tCHAllen, 1948; Floyd and Silver, 1951; Dickey et al, 2003). Jd2{L} ZAE 5j2| 289 2HO0| OHE 2]92 HMO||= 719 of
ATRE 7 2740] HOIBtEt McGill and Kippers (1994 & =82 D&Y AT BELL 88 289 2Ho= HMO|Z/X|
Ct2 3 HHH, Floyd and Silver (1955)= oi2|2| £8}7t 7t QILHZ HO|=ICk 1 SFRHLt Sakamoto and Swie (2003)2 82| %|Tf =

0
ook T

-—

ogt

M JlEE2
25 X7|0f 3 2detE/ct7t B dL0EAM A0 25 XHHAM BZ2gert 2R s U, 42 HF V(g2 24" 3
2, Hth =S7K S7tots WES 20D TR, Wt B HF J|g2el 2RI g0t i HE0f 1A= £
BOl Z4otths AWBAS| B7t HAE +80| Qs & 4+ ULk Z2 HF J7|P20|U 22 CE 2]2=29| HO| dyol &
ottt Mol BEO| Aot EEE £ g7| HEolth & AFE 84X 7t s =R o, F2Y 2HEDS 1
37| 20f, 312] 90° 23 MM H2 HIt M7t S UL dofut 2HE o8 282 ZEYEE AW ZASHA| R
oot Fat MM ol CHE 2912 HFol £HO0| TIME 7Hsgo tisiMe D3R RR7| W2l TE7tel Frtete 2 YA7H &
dote Z{o2 AMREC Ol2fs SHAH 32| 90° 2F AhAl Fof st 4F 2HS SSiM HEE + A= 2H2tD AREC
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B8 gte KtA QA= HE7Het AWBAS| BTt ZIto| A KtO|7 AL RUCE AWBAOIAME ZE o2 XtMIE
It X|He| MEHAE M2t KFO(RE ZE 60°), KF30(FEE Z: 307, KF30C(EE 2= 30°, 7HK|2he]
2+

KF30CE ?Ig+E 3, KFe02 FIE+& 42 FE20t0 E7iotn Qlot. 8, 2ot dE2 28 4 0] £ s XAl
HoiMe dBHOZ 470l TS FUts d8S EUCL R824 60°2F 30°s |A2R FS 0 2 xto7t gio| 2o|7| o
—:01| KF30, KF30C AtMof CHaA HE27F R ERS| Bt F7t7t O R0K|= X021 = 4= QUCH d2fLt 2 F7=2| WEAFHAM =
HEl oo 2 RF 2= 30°2 6072 %I%EE M=z Hogitt. o] oM & A=0 IE F2Y sHES 2HE M2
7t BHLUoH, F QA 25 1S If 28 2 30°7t 60° 2Ot HTXOR F2 QWL g Zelhe 220 ZELUCL &
Zte 40°Of| M EE] S X|QF Fot2|7t & —’_-T—E|7| AESHEM(Nagura et al, 2002), S0t2|7t 2F 2| X|X[C] GES oF7| H=0f| Fop7t
THED OgRtel FHY SHEIL 4%t A2 MEELCL WE7F UEHN 2 =70 2EXls F& A4=0 oiet MEHel E
7t HAZE SHEE MZ2 KM BIt=T7F SR E2] HZECHH XHAAYA o + As AFFOo|2tn YZELL 7IES| Bt

Z=T-S(OWAS, REBA, RULA) HAIE S8 ZI=0f CHSHA AWBARL 22 MEXQ =RE ot AX| ¢ HE0 22 o2 KMo
CHSH B2t HAE AWBAZE HESICILL AFREICE Wt B2 o2 XhM| et AWBAS| E7ts S8k, F2Y BItet de+E &
TP 242 EUZ WLE A0IH, AWBAS| E7t ZIHE AXE = QUs M AFSO0| HOl EXst7| WE2of +Fo| 2Rt

o o

22 OfL|2ta At ECH
4.2 Revised AWBA

Standing (STD) AtM|QF 12| 90° =23 (B90-S90-E0, BIO-S90-E45)
otk ZYSIFOM, 7| oMo 2 HIt|E 32| 90° 23 XM
£ 2l M Kappa Analysis7t =#E|AUCH =8 © AWBAS| A<,
| 22 0622 'OIF E2'0f siYste A2 LIEMRCE Ol

ZIEOC 2 AWBAS| Fe T 2S fIhA 7| M E(0f0f St REE2
XEMlOICE. M2k 7|E0| 2-M 22 HItE|H Standing AHME 1EH2 2
= 4H2R J ZFSINL. 0|2, 8 /= AWBAS| Y&k Hj1
Kappa Al==7t 0442 & (Moderate of sietst= BHHE, +=FE AWBAS
HE AWBAS| 50| 2451 FHERUACts AS 20|,

—

HIE ©27F B7I2te YEHOZ JPgtis E2 SAE0l 2 = oL, ME7F TEel o740] ROofX|H A= FHe =z #Ee A0|
2= 782 B2 8% YF0M BIHSHA O|R0{X|= HIO7| Z0| YEHoZ M ZkX[7} ATt Atz Lt ot & ¢gte = o}
g oIEe TEZMS 71 10822 BESths i S =019 AF@F, 3) F HUS YLz AUCts HOICH TEtA =20
HE7te| =5 =oidta, £0|7t Crfet RS ooz of FIMHQ A5AYS oY Hart /U2 A= MEECL 28 ofLat
3-D SSPP (3-D Static Strength Prediction Program) S NLE (NIOSH Lifting Equation)@t Z-2 H&& 0l H7teto| HluEMS F7h 1
SICHH, 52 242 ot 2EE A EIETE e = A2 AO|2tD ALRECH

Acknowledgements

This work was carried out with the support of "Cooperative Research Program for Agriculture Science and Technology Development
(Project No. PJ012509032018)" Rural Development Administration, Republic of Korea.

References

Allen, C.E, Muscle action potentials used in the study of dynamic anatomy, 7he British Journal of Physical Medicine: including
its application to industry, 11(3), 66-73, 1948.

Andersson, EAA, Oddsson, LIE, Grundstrom, H., Nilsson, J. and Thorstensson, A, EMG activities of the quadratus lumborum and
erector spinae muscles during flexion-relaxation and other motor tasks, Clinical Biomechanics, 11(7), 392-400, 1996.

Armstrong, T.J, Upper-extremity posture: definition, measurement and control, 7he Ergonomics of Working Postures, 59-73, 1986.

oH
ofo
-
oin
R

_(')_I-
re

N



31 Oct, 2018; 37(5): Development and Validation of Agricultural Whole Body Assessment (AWBA) 601

Blackman, N.J.M. and Koval, JJ, Interval estimation for Cohen's kappa as a measure of agreement. Statistics in Medicine, 19(5),
723-741, 2000.

Dickey, JP, McNorton, S. and Potvin, JR, Repeated spinal flexion modulates the flexion-relaxation phenomenon. Clinical Biomechanics,
18(9), 783-789, 2003.

Floyd, W.F. and Silver, PH.S,, Function of erectores spinae in flexion of the trunk. 7he Lancet 257(6647), 133-134, 1951.

Floyd, W.F. and Silver, PH.S.,, The function of the erectores spinae muscles in certain movements and postures in man. 7he Journal
of Physiology, 129(1), 184-203, 1955.

Jung, M.C, Park, D, Lee, SJ, Lee, KS, Kim, DM. and Kong, YK, The effects of knee angles on subjective discomfort ratings, heart
rates, and muscle fatigue of lower extremities in static-sustaining tasks. Applied Ergonomics, 42(1), 184-192, 2010.

Kee, DH. Investigation on status of musculoskeletal disorders for industrial safety managers, Journal of the Ergonomics Society
of Korea, 22(4), 79-90, 2003.

Kee, D.H. and Park, K.H., Comparison of posture classification schemes of OWAS, RULA and REBA, Journal of the Korean Society
of Safety, 20(2), 127-132, 2005.

Kim, H.H. Park, H.J, Park, KH., Kim, W, Yoo, C.Y, Kim, JH. and Park, J.S., An Analysis of characteristics of musculoskeletal disorders
risk factors, Journal of the Ergonomics Society of Korea, 28(3), 17-25, 2009.

Kim, M.J. and Choi, JH., A study for farmers to reduce work load on the different working conditions (II) - Cultivating welsh
onion in the summer ground, 7he Korean Journal of Community Living Science, 8(2), 119-124, 1997.

Ko, S.B., Work-related diseases and injury of Korean farmer: Cause, epidemiology, and countermeasure, Journal of the Korean
Medlical Association, 55(11), 1044-1045, 2012.

Kong, YK, Lee, SJ, Lee, KS. and Seo, M.T, The effects of coordinated upper-limb postures of back, shoulder, and elbow flexion
angles on the subjective discomfort rating, heart rate, and muscle activities, Journal of the Ergonomics Society of Korea, 30(6),

695-703, 2011.

Kong, YK, Lee, SY, Lee, KS. and Kim, D.M. Comparisons of ergonomic evaluation tools (ALLA, RULA, REBA and OWAS) for
farm work, /nternational Journal of Occupational Safety and Ergonomics, 24(2), 218-223, 2018.

KOSHA (Korea Occupational Safety & Health Agency), /ndustrial Accident Statistics, 2005.

Lee, C.G, Work-related musculoskeletal disorders in Korean farmers, Journal of the Korean Medlical Association, 5(11), 1054-1062,
2012.

Lee, I, Jeong, MK and Choe, G.I, Comparison of observational posture evaluation methods based on perceived discomfort,
Journal of the Ergonomics Society of Korea, 22(1), 43-56, 2003.

McGill, S.M. and Kippers, V, Transfer of loads between lumbar tissues during the flexion-relaxation phenomenon, Spine 19(19),

http://jesk.or.kr



602 Yong-Ku Kong, et al. J Ergon Soc Korea

2190-2196, 1994.

Miedema, M.C, Douwes, M. and Dul, J, Recommended maximum holding times for prevention of discomfort of static standing
postures, /nternational Journal of Industrial Ergonomics, 19(1), 9-18, 1997.

Ministry of Employment and Labor, 2077 Status of Industrial Accidents, 2017.

Moon, C, Comparison of observational posture evaluation methods using maximum holding times of symmetric and asymmetric
working postures, Pohang University, Pohang, Korea, 2003.

Nagura, T, Dyrby, CO, Alexander, EJ. and Andriacchi, TP, Mechanical loads at the knee joint during deep flexion, Journal of
Orthopaedic Research, 20(4), 881-886, 2002.

Putz-Anderson, V, Bernard, B.P, Burt, S.E, Cole, LL, Fairfield-Estill, C, Fine, LJ. and Nelson, N., Musculoskeletal disorders and
workplace factors, National Institute for Occupational Safety and Health (NIOSH), 104, 1997.

Sakamoto, K. and Swie, YW, EMG characteristics of low back and lower limb muscles during forward bending posture,
Electromyography and Clinical Neurophysiology, 43(6), 335-347, 2003.

Shirado, O, Ito, T, Kaneda, K. and Strax, TE. Flexion-relaxation phenomenon in the back muscles. A comparative study between
healthy subjects and patients with chronic low back pain, American Journal of Physical Medlicine & Rehabilitation, 74(2), 139-144,
1995.

Westgaard, RH. and Aaras, A, Postural muscle strain as a causal factor in the development of musculo-skeletal illnesses, Applied
Ergonomics, 15(3), 162-174, 1984.

Author listings

Yong-Ku Kong: ykong@skku.edu

Highest degree: Ph.D, Department of Industrial and Manufacturing Engineering, Pennsylvania State University
Position title: Professor, Department of Industrial Engineering, Sungkyunkwan University

Areas of interest: Physical Ergonomics, WMSDs, Finger/Hand Modeling

Kyung Suk Lee: leeks81@korea.kr

Highest degree: Ph.D, Department of Textiles, Merchandising and Fashion Design, Seoul National University
Position title: Senior researcher, Department of Agricultural Engineering, RDA

Areas of interest: Occupational Safety and Health Management, Occupational Disease

Ju-Hee Lee: heyj_hee@naver.com

Highest degree: B.S., Department of Civil, Safety and Environmental Engineering, Hankyong National University
Position title: M.S,, Candidate, Department of Industrial Engineering, Sungkyunkwan University

Areas of interest: Physical Ergonomics, WMSDs, Occupational Safety and Health

oHl
ol
-+
oln
)
_(')_I-
o
N
oK
Qt
Tor
Ral



31 Oct, 2018; 37(5): Development and Validation of Agricultural Whole Body Assessment (AWBA) 603

Kyeong-Hee Choi: kyunghe7@naver.com

Highest degree: M.S,, Department of Industrial Engineering, Sungkyunkwan Universiy

Position title: Ph.D, Candidate, Department of Industrial Engineering, Sungkyunkwan University
Areas of interest: Physical Ergonomics, Prosthesis

http://jesk.or.kr



604 Yong-Ku Kong, et al. J Ergon Soc Korea

Appendix

1. Revised Agricultural Upper-Limb Assessment (AULA)

Posture: & Duration:

1. Evaluation of posture - Risk level of posture

2. Evaluation of posture duration - Risk level of posture duration

<Risk level of posture>

BO-SO-E45 | BO-SO-E90 | BO-S45-E0 | BO-S45-E45 | BO-S45-E90 | B0O-S90-E45 | BO-S90-E90

B0-S125-E0

Posture F
3

Risk level 1 1 2 2 2 3

B45-545-E0 | B45-S45-E45 | B45-S90-E0 | B45-S90-E45 B90-S90-E0

B90-S90-E45

Posture Posture

Risk level 2 3 3 3 Risk level

*B: Back angle, S: Shoulder angle, E: Elbow angle

Level 1 2 3

Risk level Medium Little high High

OH
o
1
on
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<Risk level of posture duration - AULA>

BO-SO | BO-SO | BO-S45 | BO-S45 | B0O-S45 | B0O-S90 | B0-S90 | BO-S125 | B45-S45 | B45-S45 | B45-S90 | B45-S90 | B90-S90 | B90-S90
-E45 -E90 -E0 -E45 -E90 -E45 -E90 -EO -E0 -E45 -E0 -E45 -E0 -E45
1 S ey / / / / / / / / / / /
min min n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
’ <8 <7 <2 <2 <1 <1 <1 <1
min min min min min min min min
3 <17 <14 <9 <8 <5 <2 <2 <2 <5 <2 <4 <6 <5
min min min min min min min min min min min min min
Level 2 3
Risk N | ittic high [REIGh
level 9 9
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2. Revised Agricultural Lower-Limb Assessment (ALLA)

Posture:

1. Evaluation of posture - Risk level of posture

& Duration:

2. Evaluation of posture duration - Risk level of posture duration

<Risk level of posture-ALLA>

J Ergon Soc Korea

Standing Sitting
Stand Knee Angle | Knee Angle | Knee Angle Sit chair Sit chair Sit chair Cross-leg
(STD) 150 (KF150) | 120 (KF120) | 90 (KF90) | 40cm (SC40) | 20cm (SC20) | Ocm (SCO) | Sit (SF_CRS)
Posture 7
Squatting Kneeling
Knee Angle One leg One leg
Kgge(érég;e K;\g(—.zK,T:r;g;e 30 + Crow's Kneeling Kneeling
feet (KF30C) (KNL_T) (KNL_2)
Posture Posture
Risk level 3 3 Risk level 3 3
Level 1 2 3
Risk level Medium Little high High

OH
o
1
on
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<Risk level of posture duration - ALLA>

Knee

Knee Knee Knee Knee Knee Angle 30 | One leg | One leg |Cross-leg | Sit chair | Sit chair | Sit chair
Stand | Angle | Angle Angle Angle Angle . : ) X
STD) 150 120 90 60 30 + Crow's | Kneeling | Kneeling Sit Ocm 20cm 40cm
feet (KNL_T) | (KNL_2) | (SF_CRS) | (SCO) (SC20) | (SC40)

(KF150) | (KF120) | (KF90) (KF60) (KF30) (KF300)

<2 <2 <1 <2 <2

1 min n/a n/a n/a n/a n/a n/a n/a n/a min min min min
<11 <8 <2 <2 <2 <2 <11 <2 <13 <18

2 . . n/a n/a n/a . . . . . . . .
min min min min min min min min min min
<33 <12 <9 <3 <4 <5 <35 <18 <38 <57

3 . n/a n/a n/a ; . . . . . . .
min min min min min min min min

min min

Level 1 2 3

Risk . Little .
level Medium high High
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3. Agricultural Whole-Body Assessment (AWBA)

Upper-Body Risk level:

Lower-Body Risk level:

1. Evaluation of Upper body posture and posture duration - AULA

2. Evaluation of Lower body posture and posture duration > AUBA

Agricultural Upper-Limb Assessment (AULA)

Agricultural

Lower-Limb

Assessment
(ALLA)

Level 1 2 3

Risk level Medium Little high High
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