CHAPTER IV

RESULTS AND DISCUSSION

Analysis of Work Situation

1. General Descs

In this ; | ; S forms of work were pipe

cutting and pipe m ; : e r \\: rformed from 8.00 a.m.

to 5.00 p.m. for 00 p.m. to 3.00 a.m. for

the night shift. T ., WOTke ‘ ys “per week on alternate

shifts. During the uniform: consisting of

\

a shirt, trousers, loves (some with hat and

l "
glasses). Their job was to 32—‘3 hine a pipe using a different

A

machine Tathe. hey "'“"T"’xﬁ - ing position. Sound level

intensity, 111um1[é5;” I, WBG fﬂg air temperature were
measured as shown i!ﬂTab e 4. i
ﬂ 1::7-1 “J‘Wﬁl‘ﬂ‘?ﬂ i)
r-% Work
R YRR TR NE A
elmachining
Sound level (dB) 85.9=93.2 84.{—91.5
Light intensity (Lux) e 61.0-319.7 85.9-383.4
o}
WBGT index ( C) 2. 2=31.5 27.6-31.8
Humidity (%) 69.7-85.5 68.1-83.9
o
Wet bulb temperature ( C) ~ 24.3-28.0 24.4-27.6
o

Dry bulb temperature ( C) 28,:8-33,5 28.2-32.1
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2. Task Description

The nature of each task was different. Task I and task II
were cutting a pipe using a cutting tool. Task III and Task IV were
machining a pipe using a machine 1lathe. The characteristics of

workpieces are shown in Table 4. ;Additionally, the heights of the

working area were 85 cent Ler ' ipe cutting work and 91

centimeters for pipe

Tab]

2. \\\\ NN

Thickness - Weight
(cm) (kg)

Typé of task

Task I 0.65 11.00
Task II 1.00 3.00
Task III .00 0.35
Task IV

. %1.00 4.00
> = '

-y

Before workgathe workers thad “about thirty minutes to set

Sl e U S LOELT RN Toe e o

activities of a]] tasks are 1i§ted below:es

’QW’WMﬂiﬂJﬁJﬁ’TJWEﬂaH
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(1)

Figure 4.14°Cuftj 'l’t!théifed in the experiment

4 rdhi

(a)
(b)

(d)

(c)

Figure 4.2 Machining lathe used in the experiment



Step

10

et

Details for task I

Get a long pipe from storage, and carry it for a
distance of 5 meters.
Put pipe into back hole (1), then pull it forwards.

Attach pipe on,bed way (2) with chuck (3) and

pipe, press button

forward in the starting

A5

5 - i
i

),~then pull the rest of

cat 3-9 unt » g 1S n?ﬂxipe left.

R

AUINININYINT

IR TUNNINGA Y
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Step Details for task II
1 Get a short pipe with 3-wheel wagon from sawmill,

and carry it for a distance of 15 meters.
2 Lift the pipe into bed (2).

3 Attach both eng of the pipe with chuck (3) and

4

5

6 ool (6) when turning

7 th 2-3 rounds.

8

9  pipe left.

10 “théBitton ¢ ) off.

1 forward in the starting
,FE.H

12 3) and throw away the rest

‘ of thewpipe. |
AUEINENINYINT
RIANTIUNRINEIAY



29
Step Details for task III
1 Get a small cylindrical pipe with 3-wheel wagon from

storage, and carry it for a distance of 12 meters.
2 Fit the pipe with chuck (a).

ever (b) for its rotation.

3 Press horizonte

4 pter—c]ockwise, then adjust

5 surface.

6 from pipe, then turn
3 rounds.

7 M ool (a):

8

9 4

10 : 'ﬁj:ar 5 vedal (f) to stop the machine.

11 '

12 Aigléi”nd obtain finished

M
|

qH
g p UCt. . iF |

ﬂuEJ'JVIEWﬁWEﬂﬂ‘i
awwmnimummmaﬂ



Step Details for task IV
1 Get a Tlarge cylindrical pipe with 3-wheel wagon

from storage, and carry it for a distance of 12
meters.

2 Fit the pipe with chuck (a).

3 Press hor: nta of (b) for its rotation.

4 rclockwise, then adjust
-
5 surface twice.
6 ‘away from pipe, then
o stop rotation.
7 i , \\ 5€ ith 4-5 rounds.
8 \\ chine toolholder (d) and
9
10 “‘_—\,J inside pipe for
-
3 : 5 Putgfeot on the brake pedal (f) to stop the machine.
i ﬂiumwmwmm

Release pipe€ from chugk (a) and gobtain finished

QW? NN HNRTINEIR Y
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3. Pattern and Variation of Work

The quantity of product output was expressed by the number
of items processed. Table 4.3 indicates that the output produced in
the morning and in the afternoon is different. This pattern (see

Figure 4.3) was varied because

are were many other factors such
as production targets, socia ““ and. attitudes to work. Moreover,
a defective cutting too -n'influence on work. The
less experienced a e spent. Additionally,
the findings indicatt and accidents rarely
occured in this st affecting variation of

work.

Type of task Product output

---r' - : = — ‘
Task 1T [ i Ji0.875

y
s ’ﬂ‘L’.EI’J ‘Wﬂ”‘ﬂﬁ‘w Eﬂﬂ'ﬁ”i

T 59 ooo

iy

ama\mmummmm

Afternoon 110.000
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Number of product output (unit)

400 A

e

300 "

\

100 4 L&, \\\\
2 —-'/; NE W\
) I\

77/ \\
r'm* :

Figure 4 out "\ -. day shift

Task IV

Effects of Training

-

1icker Fusion Freguency

Table sho “th ek andard deviations of

f11cker values for all subjects as a result ﬂlf training. This table

1nd1cates t ﬁ ﬁjy ﬁﬁThey lay at 31-38

Hz while thaq;errmg'?]ﬂ appeaEﬁO’Iuse into a constantly

Y WIS aam YR e
K

light bgcame flickering (down-measurem In order to find the
possibility of the values being the thresholds, the critical intervals

were tested in the experiment by applying the fuzzy sets theory.



33

Up-measurement

Flicker value (Hz)

50

40

307

agott

101

Do mmgs rement
;5,

Flicker valueL\(Hz)

N

I

Task | Task i Task Il Task IV
Type of task

Bl Before work [\ After 4-hour work After 8-hour work

Figure 4.4 Means of flicker values during training
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Table 4.4 Means and standard deviations of flicker values during

training
Type of Flicker value (Hz)
task
Up-measuremen Down-measurement
Period
I L III
Task I 34.250 33.875  32.400
+2.223 +2,078 ~+2.374
Task II 33.525 33.500 33.450

+1.803 +2.714  +2.339

Task III 33.250 34.575  35.225

+0.947  +1.913

Task IV 33.175!3 4. . 34.675 34.175
+1.436 40,922  +0. 291L, +1.103  +1.091  +0.885

P INHNITNEINT

Effect of Trainingson Reactiop.,Time

a'mmnim YRIAINYIAY

Training for reaction time resulted in response time of

the subjects. A decrease in both reaction times, visual and auditory
reaction times, occurred after training time. The percentage decrease
for all subjects is given in Table 4.5 and Figure 4.5.

The mean values of percentage decrease for visual and
auditory reaction time were 2.321 % and 12.521 % for task I, 12.564 %

and 12.700 % for task II, 10.351 % and 10.625 % for task III, 6.078 %
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and 13.301 % for task IV.
- Therefore, in order to reduce the effect of learning on
data collection, the subjects were trained for four days prior to the

experiment.

Table 4.5> Effect of :jning on reaction—iime

I\‘”"’/’

Type of Period Visual react 7' ime (1/100 secoi Auditory reaction time (1/100 second)
task :
Means Percentage
' ‘decrease
The 1 sta The 2 nd
training training
Task I I 21,200 17.350 ° 15.055 %
II 21.206 7 16.575 15.000 %
CIII 20.225 17.250 . 7.507 %
Task II 1 23.975 18.475 o, 130161 %
49 ¢ 25.775 17.325 13.375 %
I11 22.900 17.400 11.563 %
Task IIT 1 24.0‘: 4 21.000 1 g 20,276 19.275 4,932 %
11 25,55 V_ 2 [ 16.9;I5 17.094 %
111 22.219 || 32 19.225 9.848 %
. A¥
- Task IV | 22.875 ‘ﬁ1 875 4.312.% 20.950 " 17.300 17.422 %

., AU IRUNGNEANT = o

III 17.425 8.770 %

’QW?NT]?WNW]’MEJ’WB

T334
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The 2 nd trlh!mJ

| I The 1 st training

Task |

Visual Reaction Time (1/100 second)

Auditory reaction time (1/100 second)

‘ d Al‘l-rrnuuﬁ_m (100 loeond)‘

7///// //

-/-

Visual Reaction Time (1/100 Sacond)

|

NSRS, . ==

‘ /////////////%

| i m
a//////% \

n_,,/////////////////////_

"
Fl:
N

. Task IV

MM. reaction time (1/100 second)

Flgure 4.5 Effect of training on reaction time"

Vl-m Reaction Time (1/100 ueond)
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Results of Experiment

1. Critical Flicker Fusion Freguency Bésed n Fuzzy Sets

The results as shown 1in Table 4.6 indicate that the

flicker values are possibly accepted as the threshold values. In

fuzzy set theory, the possi - eing a threshold for particular

flicker values (u) is v~,l

Table 4.6 Fh‘
Flicker value Foff ife pONSas: “R3a4$r of responses Ratio
' vhere

os for one subject

u (Hz) is constant p
34 0.000
35 0.429
36 0.667
37 0.250

38 l "§ v e 0.000

AT AN Y e

[0,1] defined by

p(u)+'= ~n Cu) if n (W) <'n (u)
f ;i =i
n (u)
c
= n (u) £ n (u) < 'n ()
5 c £
n (u)

f
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where: u = flicker value
n (u) = number of responses where u is flicker light
f .
n (u) = number of responses where u is constant light
c

If the ratio p increases to one then the possibility of

increases. Thus, u = 36 Hz (p
0 @e threshold value than u

the flicker value being the th

0.667) has a greater po&,

35 Hz (p = 0.429). “—
s Possibility functio

i

0.9+
08}
07
06
05
0.4}
0.3F
0.2}
0.1F
i 3=4 . 36 a7 38
-, Flicker value u (Hz)

ﬂg‘Lt EJ”TWEJ’VT’?W AT
the actual exﬂ%r1ment a¥) subjects wére examined for

pammmm PRGN rerr

values (p = 1) decrease 1in successive investigative periods: I, II,

—_—
——
=

and III. According to these findings, the mean of threshold values for
all subjects was 35.664 Hz for period I, 35.508 Hz for period II,
35.238 Hz for period III. Table 4.7 presents the p-values related to

the critical interval of flicker values for four subjects in all

tasks.
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Table 4.7 The p-values related to the critical interval of flicker

values for four subjects.

Type of task Flicker vq1ue Means of p-values in three periods

(Hz)
1 11 11t

Task I 0.000
0.125
0.458
0.333
0.000

0.000

Task II 0.000
0.000
0.556
0.125

0.000

Task ITI 0.000
' 0.125
| 0.270
9§} 0.429 0.833

0 500 0.389 0.270

ﬂum ?IEI‘Vli'mJ'lﬂ‘ﬁ 3
ammn‘smumwmmﬁ:

0.250 0.111 0.111

37 0.000 0.000 0.000

note 1. On the basis of the data obtained, the threshold value
which was flicker value with possibility value p = 1

ranged between 35 and 36 Hz.
2. The missing flicker values from crit{cal interval had no

possibility (p = 0)
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Previous research showed that the possibility value for
flicker points had near a normal distribution. Therefore, formula (1)

can be used to get estimates of poss1b111ty value in this study.

g o . - e
where: u :‘=
g =
f(u) =
Table andard deviations of
flicker values for p i £Lnct n or \\3\ our subjects. It shows

va
A

," ach work period

g

1 III

: '];ﬂ ‘i 35.343

‘Jéﬂ'384

Task II 35.569 35.472 35.275
+0.398 +0.394 +0.394

Task III 35.529 35.445 34.918
+0.397 +0.397 +0.385

Task IV 35.452 35.138 35.270

+0.399 +0.399 +0.393
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Table 4.9 The f-values re]atéd to the critical interval of flicker

values for the four subjects.

Type of task

Flicker value

Means of p-values in three periods

(Hz)
3 II III
Task I 0.000
0.002
0.698
0.240
0.000
0.000
Task II 0.000
0.005
0.794
0.182
0.000
Task III 0.000
) 0.000 0.000
ﬂumwﬂmwmm
05 414 0.538 1.014
’QW]NﬂﬁmﬁJmﬂﬂBﬁfﬁ gJo-ox
0.001 0.005 0.000
38 0.000 0.000 0.000
Task IV 34 -0.001 0.017 0.005
35 0.526 0.943 0.801
36 0.389 0.097 0.181
37 6;001 0.000 0.000




Table 4.9 shows f-values calculated by using equation (1).
Comparing the values from Table 4.7 and 4.9 it can be seen that the
possibility p-values lie close to f-values. This means that f-values
describe precisely the p-values for each flicker va]ué in the interval.

Therefore, instead of p-values the term f-values (see Figure 4.7-4.10).

- Possibility value f

.} 0-8 ™
0.6
0.4

0.2

38

—K— 1fter 8-hour work

gl - T________7__________“——"_‘:E{
Figure 4.7 ngﬁ; 2“[ for one subject

m T
‘Jask I -

AU INNINEINS
AT AMINAE

(o)
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Figure 4.9 'G.J-hs o} posSSToTity cfj es for one subject

on thsk III |
AUBINYT Wﬁﬂﬂ‘i

AR

q
08
04
02 *
/ +
0 . 5
34 as as - a7

Flicker value u (Hz) .

Figure 4.10 Graphs of three possiblity curves for one subject

on task IV

43
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In the Figure 4.7 there are different lengths of threshold
interval for each curve, in each period: I, II, and III. Some values

are mentioned below:

|F | =z 0.366 ks s 35:317° R = 35.683
I I I

IF | = 0.411 £  35.673
191

o = 35.548
FI1

where: |F| = 1leng for f(u) = 0.9

L = e

\ o]d interval
\ £ eshold interval

R = rid A C ven t
oy N
(<) \ Y

Table 4.10 Means apd standard d f lengths of threshold
A )
interval 3@&%‘_
T L2 A
e ,-_,—.-E'_.T,-'--. w
Type of task g LSRgths—CRIiHterval

._y:'. L e g A

 £“ W III - I
Task I ﬂug§WBw§w ﬂ’]ﬂ% ~ 0.064

+0.019

+0.024 +0.057
| ¢ . = L7
Taski 3 l I EI ii Ei:u 3] El3l J I Iﬂ4]QEI E
qI 0.038
+0.012 +0.005 +0.051
Task III 0-375 0.438 0.455
0.08
+0.022 +0.057 +0.042
Task IV 0.373 0.444 0.440
0.067

+0.005 +0.076 +0.071
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These lengths were used as an indicator of mental fatigue.
Figure 4.7 indicates that an increase in mental fatigue occurred after
mental stress. The more the difference of lengths between period III
and period I increased, the higher the degree of mental fatigue
appeared. However, these lengths 1in each task did not differ

-

significantly. Therefore, thes tre f degree of mental fatigue for

task III was higher than “those *F sk IV, task I, and task II.
Table 4.10 contains mea ‘,vSt;:da_T-“QﬂﬁlionS of tne lengths for

all subjects.

vi11l 1increase if mental

stress is prolonged. . 4.11 show the reaction
times for all subjects investigation periods: I,
11, and III.

It capspe ez "Lf" ha nly“the-/visual and auditory

reaction times for Eask v--%‘1me for task III were

H

U]

consistent with the proposed hypothesis Th1s might be because the

subJeCtS werﬂ ﬁﬂtﬁﬁ wgﬂﬁ Wﬂ qﬂﬁ se and co-workers

walking by durQEg testing per1%F

QA TEGA T 1 ARV EB) ooermn

were not ‘Used to assess mental fatigue.



Table 4.11 Reaction time resulted in three periods

Type of Period Reaction time (1/100 second)

task
Visual Auditory

Task I 16.478
16.863

17.406

Task II 17.481
16.794

17.631

Task III 16.425
16.538

17.025

Task IV 162975
15.938

15.838

PIAANTUAM NN
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Visual reaction time

Visual reaction time (17100 second)

Task IV

Task II Task Il
Type of task

Task IV

Bl Before work [ After 4-hour work After B-hour work

Figure 4.11 Reaction time in three periods



3. Hand Grip Strength

A11 subjects showed that an increase in hand grip strength

took place after activity. These results are given Table 4.12.

Table 4.12 Hand grip strength in three periods for all subjects

Type of task

7
Task I
Task II
Task III
=1
Task IV ' 49.161
amwn‘sm URIIANEIRY
51: Hlb5
The hand grip strengths in this study were not compatible with
the expected hypothesis. The results of the experiment seem to
indicate that there might be a positive correlation between strength
and working period. However, no explanation will be given because
)

Tittle is known aboﬁt this relationship in the present findings.
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4, Self-scaling Questionnaire

Table 4.13 contains the data obtained using the self-
scaling quesfiohnaire. It is seen that after work the quantitative
values of some opposite designations, refresh-tired, strong-weak and

vigorous—-exhausted, became

in mental fatigue. In oth r words afore work, all subjects felt
refreshed and strong ted after work. Between
vigorous and exhaustgge ' g3 5'E Jassmore feeling of exhaustion

after work.

i)
AULINENINYINT
RN IUNRINYIAY
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Table 4.13 Mean values of se]f—sca1ing-of fatigue for all subjects

- Opposite designation Period

seif-scaling of fatigue

Means of self-scaling for all tasks

Task I

Task II

Task III Task IV

2.875

interested-bored 2.625 3.625
3.000 3.875
3.625 3.625
enjoying-disliking 2.625 3.500
J 2.875 2.875
3.500 3.625
refreshed-tired 3.625 3.875
3.000 2.750
2.875 2.750
strong-weak 3.375 3.500
L 0.875 0.375

V_
1| ~-1.125 -2.250
v1gorous—exhausted¢' 3:250 1. 33:250 2.750
ﬂ e WUWI?W E | Pres 0500

N

IIE ¢ -1.625 -2.250

S 1.250

_1U

II 3.000 2.625 1.875 1.750
III 3.625 3.875 1.250 2.875
relaxed - tense I 3.375 3.625 3.875 3.625
II 2.000 2.000 2.875 3.625
III 3.125 0.875 3.500 3.875
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5. Relationship between Fuzzy Critical Flicker Fusion

Frequency and Self-scaling Questionnaire Results.

Table 4.14 The correlation cofficients between the length of
threshold interval and the self-scaling of fatigue

for all subjec g

Opposite designation

self-scaling of fat
interesting-bored ///

f-scaling for all tasks

Task III Task IV

0.772 0.540

enjoying- d1s11k1ng "ol 0.845 0.402

refreshed-tired 0.999 .999

strong-weak 0.967 0.868

vigorous—exhausted“Q
ﬁ 2

y- i

0. 457 0.947 0.988 0.367

cahged - tenmi s 0.
ARAANN 300 RIANYIBL ..o

(Tabie 4.10) is correlated highly with the self-scaling of fatigue

0.990 0.922

awake - sleepy

(Table 4.13) only for refreshed-tired, strong-weak, and vigorous-
exhausted (significant at 95 percent), since most of the subjects may
believe that a negative attitude in remaining designations affects
their work and well-being. These designations were: interested-bored,

enjoying-disliking work, awake-sleepy, and relaxed-tense.
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However, the length of threshold interval and some self-
scaling of fatigue can show only the trend of mental fatigue after

mental stress.

AULINENINYINT
AN TUNMIINGAY
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