Journal of the Ergonomics
Society of Korea
Vol. 14, No.1, 1995

97

VDU =ke] =i dgt HA =g
A Fuzzy Model of Human Performance for
VDU Workers
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ABSTRACT

The widespread use of VDU has improved the efficiency of information
transmission between man and machine, but has caused new occupational health
and ergonomics problems. In this study, we tried to construct a fuzzy human
performance model of VDU workers in Korea. Fuzzy inferences of human
performance are obtained from the fuzzy inference rule with the job difficulty,
CFF, SACL, Type A. and the degree of concentration in VDU work. Eight
healthy female undergraduate students at Kyungnam university for subjects aged
20 to 23 years were examined in this experiment. They calculated continuous
addition, subtraction, and multiplication of 1 or 2 digit numbers that were
produced randomly on the CRT. Subjects peoformed two types of a numeric
operation, which easy and difficult work produced 400 and 600 problems within a
40 minute work session, respectively. Subjects were tested over two workdays
according to the type of work(easy and difficult) consisting of four 40 minutes
work sessions in the morning. Each work lasted for five minutes with a ten
minutes rest break.

117 fuzzy inference rules were obtained from the experimental data. The value
of consequent part was obtained by a descent method. The difference between
real human error and estimated value of fuzzy inference was 1.8075%1.8591%(M
+8D). The difference in easy and difficult works were 2.69+2.13% and 0.92%
0.939%, respectively.
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Table 1. Results of the Experiment
Difficult Work Easy Work
No | Sub | HE] St. | Ar. | CFF | TA | Co | No | Suh | HE | St | Ar | CFF | TA | Co.
1 SI 1233 11 5] 0% 2 3] 1 SI | 550 | 12 7] 36 2 2
2 | 7 6| 52 1 2 S2 | 430 8 61 000 4 2
S3 1533 4 5[ 000 3 3 S3 | 350 5 30 178 3 3
sl us 7 6| 666 9 3 4 | 1B 9 4 | 000 9 3
S5 [us| 7 71000 3 5 S5 | 275 7 4] 506 3 4
S6 [ 1217 ] 12 4| 25% 1 3 S6 | 550 7 61 000 4 3
57 |16t 7 51 000 | 10 4 s7 | 8% 7 300 10 4
SRE 5] 000 3 3 S8 [ 37 7 6| 64 3 1
2 st Twex| 17 71 000 2 31 2 S1 1200 4 2 | 0% 2 2
Se sl 1 6 | 000 4 3 2 [ 4% 6 5 | 209 4 3
s3 11617 10 6] 7% 3 4 IEEE 4 4 1062 3 3
S4 | 867 | 12 5 | 1237 91 2 C 54 | 230 6 411049 9 2
S5 15831 1l 5 203 31 5 Doss | 4T 5 2 | 303 30 2]
S6 [ 1767 7 4769 4 2 s6 | 4% 7 21538 4| 2]
ST [ 2433 9 479 10 3 ST | 530 9 31282 | 10 3
s8 [1o| 1 6! 9ss 3 2! S8 | 275 6 6. 000 3 2
3 st 1383 M 8 0% 2 13 S1 1350 ! 7 4118 2 2
s TRw| 8 71 313 10 3 OS2 o 4 6| 416 4 3
s B8] 9 6 1% 31 4, 3 1B 3 2 [ 531 3 3
0S4 [ 1 419064 90 2 LS4 [ 1230 71 3 666 9 3
S5 98 1l 20 1M 3. 3! SRR 3 3. 506 3 1
L S6 98 71108 N S6 1530 72 10% 3 2
DST 86T 100 8 0% 10 3 ST |55 9 STt 100 2
¢ (13 9 63w 3l 9 S8 [ 300! 5 8. 000 3] 2
1 SL 1467 1 S .18 20 1 4 . Sl | 3% 9 1'o0® 2 2
2wl 8 73180 4 3 9 1y 41 5,20, 4. 1]
- S3 150 8 6 8% . 3 4 B 37 51240, 3 3
St 933 - 11 3! g ara s 103 31911 9 3
B 7 R S5 25 50 4. 403 3 2
L1083 9 6000 i ) S6 ¢ 330 | 10 2 % 4 2
@ R 6 bR 3 ST 9% 7 128l 10 2
SS1066 0 10 5 4% 3 ! S U430 4, 6,646 31 2
# HE : Human Frror. St Swess, Ar - Arousal. TA Tvpe A, Cu. ¢ degree of concentration
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Fig. 1 Membership Functions of Antecedent
Part

Table 2. Membership Functions for Input

Factors
Fact !T Membership Function
, e
actor W [cente1, left spread, right spread]
St © Ay [4, o 2] Ay [6, 2, 4]
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Az 1110, 4, ]
Arousal id) TA (3, 5] Ay i[85, ]
CFF I (d VA5 . 5] Az:10, 5, ]
AR w3 A3 3
Type A Coe) '
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Concentrat }()'Alrn,o.zjl Ail3,2, 2
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oncentra i A6 2 0l
Job Difficulty l hy TA:[4,0 20 As:IB 2 0l
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Table 3. Fuzzy Inference Rule

Rule Antecedent Cons. Rule Antecedent Cons. Rule Antecedent Cons.
No. Part Part* No. Part Part* No. Part Part*
2 111112 3.72 99 (212221 14.25 160 1(311322) 3.00

3 (111121 1533 100 (21222 2) 5.00 161 {(311331) 1767

4 111122 2.62 104 1(212312) 5.95 162 (311332 8.50
6 Q11132 1.25 106 1212321 17.86 163 1312111 13.25
10 111222 1.63 106 (212322 5.04 164 1312112 4.15
12 (111232 1.25 109 (221111 14.99 165 (312121 14.06
16 (111322 1.00 110 1 (221112 3.41 166 1(312122) 4.25
20 (112112 450 111 (221121 13.58 167 (312131) 14.67
22 112122 3.76 112 1 (221122 3.81 169 [ (312211 14.25
37 (121110 14.67 11371221131 1230 170 1312212 4.40
331121112 3.50 114 | (221132) 275 171 [(312221) 14.25
39 (1211201 15.33 1151221211 1556 172 1(312222) 4.40
40 121122 2.68 116 (221212 4.50 17 {31231 1 9.06
42 121132 1.25 117 1{(221221) 14.11 176 1312312 6.75
46 (121222 1.63 118 | (22122 2) 4.75 177 (312321 13.83
48 (121232) 1.25 123 1221321 1586 178 (312322 5.43
56 122112 4.50 124 1(221322)] 17 1881 | 321111 14.65
58 {(122122) 3.94 125 (221331 1767 182 (321112 458
73 2111110 15.30 127 ((222111) 14.25 183 (321121 14.68
74 211112 3.55 128 (22211 2) 3.75 184 (321122 4.62
75 211120 13.99 129 |(222121) 14.48 185 |(321131 14.04
76 211122 3.70 131 |(222131) 14.61 186 1321132 2.75
T (211131 12.60 133 | (222211 14.25 187 ((321211) 14.81
78 (211132 2.75 135 ((222221) 14.25 188 132121 2) 450
79 (2112110 15.86 140 1 (22231 2) 579 189 1(321221) 13.41
80 211212 450 141 (222321 17.64 190 (321222 4.93
81 (211221) 14.82 142 ((222322) 5.79 195 321321 17.49
32 (211222 4.75 145 |(311111) 15.06 19 [(321322) 1.75
87 (211321 17.09 146 1311112 3.96 197 1321331 17.67
88 (211322) 3.89 147 (31 1121)] 1443 199 1322111 13.00
89 211331 17.67 148 1311122 4.03 200 1322112 3.75
90 (211332 8.50 149 1(311131) 14.27 200 {(322121) 14.04
91 212111 1425 150 (311132 275 203 1(322131) 14.67
92 (212112 472 151 1311211 14.98 206 1322211 14.25
03 212121) 14.37 152 (311212 4.50 2017 1322221 14.25
94 (212122 5.00 153 1(311221) 13.57 211 | (322311 8.84
95 (212131) 14.55 154 (311222 4.93 212 1322312 6.75
97 (212211) 14.25 157 1311311 9.33 213 (322321 12.24
98 (212212) 5.00 159 1(311321) 16.04 214 1322322 6.75

* Cons. Part : Consequent Part
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Table 4. Comparison of real and estimated human error(Unit : %)

Difficult Work Easy Work
No | Sub | Real | Est. | Diff. | No Sub | Real | Esiti | Diff.
1 | s1 [ 2033 | 145 | 580 1 sl 550 | 443 | 107
S2 | 1783 | 1461 | 322 s2 450 | 427 | o023
S3 | 1533 | 1533 | 000 S3 350 | 316 | 034
S4 | 1183 | 1616 | 433 sS4 175 | 280 | 105
S5 | 1150 | 1294 | 144 S5 275 | 335 | 060
S6 | 1217 | 1411 194 S6 550 | 434 | 116
S7 | 1767 | 1715 | 052 s7 850 | 605 | 245
S8 | 2317 | 1453 | 8&4 S8 375 | 389 | 014
2 SI | 1633 | 1463 | 170 2 s1 200 | 317 | 117
S2 | 1283 | 1114 | 131 $2 | 425 | 415 | 010
S3 | 1517 | 1436 | 081 S3 | 350 | 380 | 0.30
sS4 867 | 1104 | 237 e 250 | 558 | 3.08
S5 | 1583 | 1418 | 165 S5 475 | 340 | 135
S6 | 1767 | 1440 | 327 S6 450 | 468 | 0.8
S7 | 2433 | 157 858 s7 550 | 533 | 017
S8 | 1200 | 1348 | 158 S8 275 | 362 | 087
3 S1 | 1383 | 1465 | 082 3 Sl 350 | 387 | 037
S2 | 1250 | 1405 | 155 S2 200 | 224 | 024
S3 | 1383 | 1415 | 032 S3 175 | 262 | 087
Y 917 | 1118 | 201 54 125 | 425 | 300
S5 983 | 1443 | 460 S5 450 | 372 | 078
. S6 | 1083 | 1414 | 331 56 550 | 468 | 082
| 87T . 867 | 1224 | 357 ST 525 6.12 0.87
S8 | 1133 1462 | 329 S8 | 300 | 335 | 035
4 st | 1467 | 1467 | 000 4 sl 325 | 387 | 062
OS2 1233 1405 | 172 Cos2 125 | 173 | 048
$3 | 1500 1420 | 080 83 375 | 38 | 008
4 033 1205 | 272 s 100 | 100 | 000
S5 1 1133 | 1357 | 224 | S$5 2925 | 338 | 113
S6 0 1083 | 1460 3.77 LS6 350 | 428 0.78
S7 1883 | 1531 349 57 975 | 580 | 386
COSE 1966 M8 ¢ AM S8 450 351 | 096
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