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A Study of Visual Field for Industrial Safety
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Due to the inconsiderateness of human capability and inappropriate arrangement of display and control unit at
the industrial site, the human error leads to a various accidents. This study was performed to investigate the
visual range at the eye field and stationary field at the various angles with three different visual stimuli of
alphabetic character, color slip and light-emitting diode. Three kinds of various alphabetic characters depending
on length and breadth ratio (1:1, 3:5, 5:3) and three different colors (red, yellow, green) were used for the
stimuli. Twenty-five subjects (11 males and 14 females) participated for this study. The results showed that
female had wider visual range than male at the eye field, however no significant difference was found at the
stationary field. The light-emitting diode had a widest visual range then color slip and characters are in order
at the eye field and stationary field. For the character stimulus, the widest visual range was shown at length
and breadth ratio of 1:1. The other ratios (3:5 and 5:3) showed no significant difference. The color of red had
a widest visual range on the light-emitting diode, however, the color of yellow showed a widest visual range
on the just color slip at the eye field. The result of this study would be valuable in applying to the design of
visual display and the panel layout of control and displays in the industrial site.
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BA/EAFA T oz nEste] ¢ wiA|sjol 3
. ARt Van Cott, HP, and Kinjade, R.G,
1972). E3 o33t RE A3 &5& F3 FRTH
o 2lojA Ate] FAIHE= FES AR 5H
Z} A9 Mool uwie} ThgFsiRE A|Ado) JhEE
Ao iyt A3 dQestHBoff, KR, and Lincoln,
JE., 1988a).

Sanders (1970)= AZt99g A9%Y, = stationary
field, eye field 121 head field2 &3 W29 &Y
o wel FR3YEH, stationary fielde ®E9 w9
23 9o] FHEHA goun FHAIZY FotuE FHE,
eve fielde ¥ €3¢ ez HoseE 94HE, vpx
202 head fielde w@ #Held FAYE T3 o}
HE o9& w3cKSanders, m. and mcCormick, E.
1992). Boff & Lincoln (1988)2 ¥ 2<9] =z 7|9} Mo] A
7} 44 F eye fieldd Z7ld A4S 2dn g
(Boff, KR., and Lincoln, J.E., 1988b).

nj=e] A9 ol AZHAHQL Zof e ATt 3
T FTE FHLE & TARATY VAN TIEA
Ql dojg7t A5 o] glen MIL-HDBK 759A(1981)
3599 (preferred viewing area), eye field, head
& eye fields9 A|ZgHo] @o] AHEHo A U
(U.S. Department of Defence, 1981).

g Yyt B9 AZEAAY 43 E(performance)©l
9gs mAE 245 F HEY EX(nontarget
density), £33} w|E4 Aol Y], viRH X, G
Mogdol A, FAo $x 2 wWEkFd #F A4t
o]Fo] HoUU|EY, 199)(71=¥e, 1997) °]& 43
gl QAztFetd nlAEItEC]l 4A AHgstede
Z ojg$ Aol e AAEHY, 53] Addaid
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B oo A= TAKElI SCIENTIFIC INSTRUMEN-
TS A #AZE AlobA|(Perimeter) &  AF&3t] 2420
3t Ao} APS AT B A AT A8
742, A2 Z 1em 32719 371A e 3 E 7}
A Ezsh 374K e GFulyg 27bd] FAdte ALE
i, 2aEAe A9 9 05eme #HF yolex
(LED)E A}-&3ith

23 AEAEY

EAe 4EAte] dERE AHgste 3714 ME gE
(B3, 35, 1)E FAst] 434 doHez 4
g A e, 3 Aty d4 LR/RE 0]
71 98 Mg Hejel a5 (E o1 D O, B}

AA A A, 58 g e TAS. aga o
oA 360" ALolE 45" A hrel F 8/ 4RO 45

90° 135° 1807 225° 270° 315° )ollAl ZAstgom, F
Ao wjAMe Aoz HEstan AP4d 2EE 500lux

2 ZEA5Y. 2455 E oA A F &Y &
Azt thate] AlokAlZ ESHE Zhzhe] A=l dgh
ANZF gdo 2 st
24 AEHR
2 AF8S A2st7] A familiarization sessions %3
AP AAEET g Age 53 AF WG
A
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<E 3-1> FAA Ztme] mE AZ7Y
(+9l:degree)

90° 135° 180° 225° 270° 315°
m|sd| m|sd| mi|sd{m|sd{m]|sd|m]sd
55.0| 65 |58.3| 68 {63.7] 6.4 580! 6.6 [63.8] 94 |1682| 9.2
59.1| 85 |576| 6.8 1639 9.2 |572] 66 [665[12.0|828]12.8
639] 7.1 |626| 55 |668}| 6.6 }59.5] 5.8 {70.3{105]81.4}11.9
605169 |585) 7.1 |65.0| 6.8 1575| 7.8 |54.8|11.1 578|115
66.6|104{595] 92 |662] 69 |61.6] 99 |61.2] 9.8 |69.2|11.1
68.8]10.3]60.8| 44 |66.7]59 1629| 6.9 |63.7]9.1 [723]137
595| 84 |61.0| 64 |66.1| 44 {630} 44 1664 | 60 |705] 74
69.5|47.0(65.0| 65 |695| 6.3 1635 46 {69.7]| 59 |86.7] 58
689 |115|726| 7.7 |748| 7.1 |648] 48 | 723179 |87.1]| 69
655| 6.1 {658 45 {665 65 |623| 7.1 |573]| 75 1628| 7.6
713| 80 |665| 55 |687]| 59 [649| 74 |643| 89 {7L.8] 9.0
743| 76 |670| 46 |749| 59 |71.3| 63 |687| 6.7 |771| 94
115143 |126| 47 |150] 52 {135] 46 |13.2| 45 |13.3| 58
26.1| 57 1305] 73 1327] 96 [32.9]10.6]365{14.5/51.3|15.6
312199 [35.1(11.0/379]126(40.212.2]44.1 | 14.5]57.7]19.8
11.4] 39 |13.0| 53 | 158} 6.2 |13.1] 68 |125] 6.1 [12.1] 6.6
3271108[31.7] 96 |329] 75 1329] 9.7 | 300|104 | 39.3| 14.2
40.8] 8.8 [40.6|15.6(40312.9{37.0(11.3[340[123|433|177
113] 43 |123| 48 | 155 7.2 |14.1] 6.0 113.8| 48 [123| 54
26.1| 76 {31.3111.8{343|11.1]|36.4(12.2 |40.6{13.3 |51.2]18.3
35.4]134|346]14.7(408]144[41.8]145]469]139]50.5]14.1
11.7| 68 |11.9]| 6.6 |13.8] 951100| 42 |100|57 [ 99 | 42
393172348114 (348(11.1129.1| 96 |24.8]| 83 [32.2]|13.2

47.11105(45.3|159(39.9|135|36.3{12.1|349| 9.8 |39.7|152

Ht

0° 45°
m | sd

66.8| 8.3
85.2|11.8
34.1] 10.9
60.9| 9.6
85.5]10.8
83.1]147
70.8]11.2
87.9] 4.2
38.6| 4.1
65.3 ] 10.8
89.1] 59
88.0| 4.7

1591 5.0
61.5|14.7
59.7110.9
1581 7.1
62.5 | 15.4
624 | 86
16.6 | 8.3
58.2 | 15.5
58.4(22.1
1551105
57.8|24.3

5741158

! B

x
Jp
3
wn
[l

61.4| 6.8
70.3
74.0
65.7| 7.0
80.5
81.3
61.8
70.3
766 | 8.7
69.3| 7.7
87.1]1 43
875
12.7] 46
341197
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144|153
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5261109
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T3 dFEA FESH ASLS Ao wE5%5E th
e} AAE] upgZelA qFor M FHolW o (S)
),

 eye field SANEY ALole ARV Hele

GIM procedure® 3, SHHFZAME A (sex
G ), A= (stimulus (ST) ; &2 AAfn]e3
wagA), AR (eye (B) ; 2EF, 9%), 54

e

AAZANZ AN FEATS 3o AFo] Hole
w3 NZE FRE o adg AoPEAE 7IESA
o stationary field ZAAldE Folu HEE &30
A e AeoA 99 Aok HAE FAsto 7|55}

A 4= (angle (A) 5 0°9A] 360°74A] 45% 744 @ 874
4E), FEHATRE AAYY (visual field)ol AH-H U
t}. ANOVA test 23} eye field} stationary field
ANztdd BEo|A 33 interaction FFE FAHLE

%% 3k9ith Eye field, stationary field 2 4@ 2 foldx 4kemz (>001) eror termoZ S
e AR 9% ¥ 9EF & A7 ekl AP F ThA test® @ A ¥ 3-29 Lrh E3-29 B3
A& B AP M= eye field9) stationary field ol 9)3d eye field®} stationary field 274 F &
) MR Bl glopz odf RFE Tt #ARA AFST), ZAA A=A FAHLE f9
Age) AYHE 714 Fokon], WA stationary field F AolE BAT 5 ARon HAS)S B9olE eye
27 Ago] BT BY U eye fild 24 A%< A fielddl A% AolE Yehilth % T A49q =
Alstith FAA A3 A ARA|(STHA), 22T AHSH

3 4% A% % v

Stationary field 2 eye field Z2AHA Z=W =9
g diie ARXE ¥ 3-10 BRoFa gk WA 5
UGS 7he) zo]lE Lolry] 3t SAS (SAS
801, SAS Institute, Inc)E& ©]&3le] eye fieldot
stationary field Z7tell tis] ANOVA test® A8}

B3 FAA AE(E#A) Alold] nEEo] FAXHCE
7 foatA vehgenz (p<ool), A3, EFA 4%
4zt 9lol FAAHRE {g Aot e A
(p<001) 28 & 9uE ZA k3 & + Aok ®
3 =AM T3 SAHA 74ErY wsAEolA AF,
2% Fo nE 7xd AZtdel zole e Aol
g & 4 glod (°9 180°% 7]F 2.2 stationary field
¢} eye fieldol A W53 AgE BHAFa Yo (2
3-1). Eye fieldol e A(S)7 A=(ST)e] w3259
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or AL oS BYOoUZ (marginally significantly
different), 43 =9 W L(S+ST)e FFe 2A
7] &l 18 3-2¢) interaction plotg RO F 1 ¢t}
a9 3-204 & F d%o] oAy} dAEg RE A2
o oA © W AAY9E HdFm Jed, o
stationary fieldlM= dUZEe] AolE 2 £ Q= 4
el E2HE BoFa Ik 2§ 3-32 eye fieldol A
A3 Z2AA 2] interaction plotS.2EA] o] Ajo]
AET ZE 54 ZxdA 283 o He AZEE B
o532 ok I8 3-49F 3-5% stationary field®t eye
fieldoll A o] Z=2 FHA] Zt=Atol9] interaction plot-g
RoF3 glom BE ZmoA w3zt 7 W Al
7 s Bonm ggoz AxmLFA), F2 & o

At

<E 32> Aol e RuRAE

Eye Field Stationary Field
Source | df F-value P-valuef df F-value P-value
AE(S) | 1 20781 0.0001° || 1 0.00 0.9943
AS(ST) 2 37956 0.0001° | 2 134491 0.0001°
= (E) 1 033 0.5659 1 0.00 0.9548
ZAE(A) | 7 1860 00001° | 7 7359 0.0001"
S*ST 2 361 00271 2 082 04412
S*E 1 043 05104 1 1.38  0.2407
SxA 7 204 00465 | 7 191 0.0637
ST+E 2 235 0.09%4 2 113 0.3235
ST+A | 14 2300 00001" | 14 1459 0.0001"
ExA 7 5082 00001" | 7 2039 0.0001"
Error | 3555 3555

* . significant at a=0.01, #** : significant at a=0.05
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NZked ool Bt

AT 13

#oh %
o A Z}%L, A
g Hoja 9 FE
ZgS Bolxu gloenz F o AT e
98t interaction plotg 28 3-69 3-7¢] HAFn 3
t} 28 3-63 3-72 eye fields} stationary fieldol| A1 &
A3 A Apole] WIAEORAM F ERoA
Fae) AZrggel "“ZH(H]"”%XH)EE} *1]7}11 A BT
oA W AL Holxw Yo eye fieldd e, A
o) AS waAoAE Faoly =dEg o We A%
g Holm glov wpAs} ofd HedE Mol ¢
W AZdS YA B4R fFET Aol
Bolz] &} (p>0.01).

3-59 98l eye field$} stationary field 5
agla E3AY RN FaT
AAnt WEFE 7t BAHCE FEg

3}

o)

0]

Eye Field Stationary Field
Source || df F-value P-value| df F-value P-value
A8(S) | 1 6560 0.0001° | 1 434 00375™
EAHCH) | 2 485 00080 | 2 1382 0.0001"
+(E) 1 634 001197 1 1.61 0.2047
Zt%(A) | 7 1568 000017 | 7 639 0.0001°
S*CH 2 021 08100 2 044 06439
S*E 1 2.08 0.1493 1 3.07 0.0803
S*xA 7 1.05 03947 7 043 0.8824
CH*E 2 0.17 08443 2 0.29 0.7486
CH*A || 14 029 09954 | 14 031 0.9924
ExA 7 2359 0.0001° | 7 089 05119
Error |1155 1155

* . significant at a=0.01, #** ! significant at a=0.05

A eye field| Aol BAHEA A3, FA% =34 7}
E7be] WERSEAS BIO(p<00D), 4E, EA
Zz3u] Z4Zo] BAHozE {FE&F Aoyt HEE (a
=001) Ztzrell hal SNK testE %3 vhFv|uwiAds
stk ool AR &bl oA ’\]74“'0] W
ow el FIUVF 111 9 A$UF 35 £L 53RH
Aztedol giA vehgoy 358 537+ 1}01“ o)A
orort} (¥3-4). Stationary fieldollA o] #AHEA ZHi}
eve fielde] ZAatel & xpol& Holx| ekt zk W
o] WE AL Holx ¥gtorn] Eak FHu £ 11
2l A9t 35 3 53Rt Agde] WA Jebdou
359 5:37ke) zpol HolA] gkt (F3-4).

<X 3-4> Bz} F3ulo] thg SNK test (eye field)

<E 35> A, wFA AZel U B4 EAE
Eye field Stationary field
Source
df F-value P-value| df F-value P-value
AR(S) 1 14635 00001° | 1 0.42 05188
ZHAFE)| 1 0.46 0.4979 1 0.11 0.7444
A2(STD| 1 3518 00001 || 1 55.09 0.0001"
Z4% (A)) 7 19140 0.0001° | 7 79.84 0.0001"
A (C) 2 357 0.0282™| 2 55.03 0.0001"
S*E 1 0.00 0988 1 057 0.4514
S*STI 1 2.04 0.1538 1 0.09 0.7671
S*xA 7 163 0.1227 7 2.28 0.0258™
S*C 2 0.78 0.4582 2 5.87 0.0029"
ExSTI 1 033 05651 1 141 0.2350
ExA 7 3421 00001" | 7 22.03 0.0001"
ExC 2 0.72  0.4852 2 0.72 0.4879
STI*A 7 167 01123 7 1.63 0.1226
STIxC 2 747  0.0006" | 2 6.89 0.0011°
AxC 14 057 08869 | 14 1.18 0.2866
Error 2343 2343
* o significant at a=0.01, ** : significant at a=0.05

Eye fieldlAE dizre] Azt9 9
(P<001), Aol FAaBT Azgdol

1l O
eH T

apolg BHJET
Aoz 1}

B THIES-6). 3FX| % stationary fieldolAE E1i7H
Azt g

. eye field stationary field
EIOWDINE 1™ ean =3 mean Fa kil

A 64.0 11 14.8 11

B 62.7 35 124 35

B 624 5:3 124 53

Al e wga) 2= 2SS A A5
& 37kx A (A, 53 *}%’3}2‘5\%31, AHEE Ao
Cﬂa Az} d9ge] xpo] L ubge} uldFe] AjzhP
o zpolE Lolwy| $idte EAEAME & A 37 4
2} uszee EAFOE KESA Fgow oESL
error termo-2 B3 ¥ oA 243 A= ¥ 3-59%

CEREHEE LR TS

Azt e

Holx] ggich

AEE 3y 2

<HE 36> 9 AlZ4E Fold that SNK testleye field)

ol HolA 9kth. Stationary fieldol A 43
F HAd ge

Haow gz A0 EH?SJ ol A

grouping mean A
A 74.4 o A3
B 69.2 GA
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Eye fieldoll A& ofgo] FART RE KTl oA
1 W AREg s 7}11‘” Ao velded ol 7l
g2 dtoe dxEe Adet shdh ol& out
do82 oio] FAHTt oE FAHS FAs =Y Qo
U]ﬂo].;.” Hho-sicly B 4 9lom HEE oA
%3}‘%‘%’4 (range of motion)7} WAtEY & o =
o] ofdr}t FA gt} Hw%ﬂ stationary field9}
Soll= Gty Aolg B gtk SAHA 4
E A7 999 AolE @ﬂ%wﬁ eye fields}
stationary field B0l FARSE A8E BAF1 e
0 2 929 A7 (), 1807)0] FRHO, 210)
Bo} ZA veht AlZedde] viA S B gtk
ol 7]E9 & AFdAE 2 Aol vt ¢
EH(US. Department of Defence), 9] &5l ot
A9 Ao] R EAo & Aoew FHHEU o
235 AR RE &4 x| w3 2] 7t
We ARG nyon gfon Ax(nEag),
A FolAe, EAF AT Ag e T oz2bFdd v
EAHo2 FET Aol AZto] THF Fohow,
Ao wpdFafe] ARG el FA Ao
g} zpolg Ko7l FAUAT FAHHoZ FET Aol
Bk AZER A (H 350 dig AZEge] A
2 AuBRd eye fieldd A, &3 A4 A9 A
o] Aoy} ARG B W& A7t g Holal 9o
oAl zh2e] Aol sdo] o He A4 E
B.9r} Stationary fieldoll A& &g, vakgz] 25
A Aol 7HE W AlZHEE B ol & A
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717y A, & A, = "OE 7121t} Boff & Lincoln
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