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ABSTRACT

The purpose of this research was to construct, develop and test a new hand
tool set which could reduce the amount of a plumber’s working time in turning off
and assembling two pieces of flush toilet installation in place of the hand tool set
which were utilized by plumbers in general. The comparisons of the plumber’s
working time and fatigue while using the new hand tool set and the plumber’s
traditional equipment including the Chief’s satisfaction in terms of the work quality
were investigated. Two sites were selected to test the new hand tool set which
consisted of two kinds of the toilet floor — convenient and non-convenient toilet floor

for turning off and assembling pieces of flush toilet installation.

It was found that the amount of time the plumber spent on turning off and
assembling toilet installation with the new hand tool set was less than the amount of
time he spent on working with the traditional hand tool set, no matter how the toilet
floor was — convenient and not convenient for working on the flush toil installation. In
other words, the plumber, with the new hand tool set, could reduce 34.48 percent of
his time spent on working in the site with the inconvenient toilet floor and using the
new hand tool set could reduce the plumber’s fatigue more than using the traditional
hand tool set in all types of working condition. Furthermore, Chief’s level of
satisfaction with the work quality of the new hand tool set was higher than that of the
traditional one. To sum up, the efficiency of using the new hand tool set for turning
off and assembling two pieces of flush toilet installation was higher than that of the

traditional equipment.
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Multiple Comparisons
Dependent Variable: TIME

LSD
. 95% Confidence Interval
(DTR | (J) TR | Mean Difference (I-J) Std. Error | Sig. Lower Bound | Upper Bound
wlik-azaan 5.575 0.9571 0* 3.6545 7.4955
Wl | b 5.1107 0.9571 0* 3.1902 7.0312
Tmid-azain 7.3736 0.9571 0* 5.4531 9.2941
T - -5.575 0.9571 0* -7.4955 -3.6545
V. T -0.4643 0.9571 0.63 -2.3848 1.4562
Tnid-azaan 1.7986 0.9571 0.066 -0.1219 3.7191
Wl -5.1107 0.9571 0* -7.0312 -3.1902
Tl | hkazaon 0.4643 0.9571 0.63 -1.4562 2.3848
Tnid-azaan 2.2629 0.9571 0.022* 0.3424 4.1834
Tt ﬁﬂﬂ-"hj -7.3736 0.9571 0* -9.2941 -5.4531
L |mhkasan -1.7986 |  0.9571 | 0.066 -3.7191 0.1219
Tri-ai -2.2629 0.9571 0.022* -4.1834 -0.3424

*The mean difference is significant at the .05 level.
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Multiple Comparisons
Dependent Variable: TIME

LSD
Mean Difference (I-J) | Std. Error | Sig. 95% Confidence Interval
() A1 (J) A1 Lower Bound | Upper Bound
1-34) 4-61 0.8144 1.1402 | 0.478 -1.4726 3.1014
7 Wiy 3.2325 1.2491 | 0.012* 0.7272 5.7378
4-67 | 1-31 -0.8144 1.1402 | 0.478 -3.1014 1.4726
7 Biuly 2.4181 1.1402 | 0.039* 0.1311 4.7051
7 il | 1-39 -3.2325 1.2491 | 0.012* -5.7378 -0.7272
4-61 -2.4181 1.1402 | 0.039* -4.7051 -0.1311

*The mean difference is significant at the .05 level.

I U td' td’ o v v = I~ U
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Multiple Comparisons
Dependent Variable: TIME

LSD
Mean Difference (I-J) | Std. Error Sig. 95% Confidence Interval
(DA2 | (J) A2 Lower Bound | Upper Bound
szan 1oy 1.9428 1.3776 | 0.164 -0.8203 4.7059
0111 4.2981 1.5091 | 0.006* 1.2713 7.3249
iison Uszau -1.9428 1.3776 | 0.164 -4.7059 0.8203
0131 2.3553 1.0671 | 0.032* 0.215 4.4956
01 Uszau -4.2981 1.5091 | 0.006* -7.3249 -1.2713
1oy -2.3553 1.0671 | 0.032* -4.4956 -0.215

*The mean difference is significant at the .05 level.
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Multiple Comparisons ~ Had@IuaN
Dependent Variable: iiioy

LSD
95% Confidence
Mean Difference Std. Sig. Interval

(1-J) Error Upper

(|) TR (J) TR Lower Bound Bound
Wli-azann 0.64 0.24 | 0.009* 0.16 1.12
Tnisi-lai 0.93 0.24 0* 0.45 1.41
2l Tmi-azan 2.21 0.24 0* 1.74 2.69
-l -0.64 0.24 0.009* -1.12 -0.16
ilkazaon | Tnai-hi 0.29 0.24 0.236 -0.19 0.76
Twii-arzaan 1.57 0.24 0* 1.09 2.05
Wl -0.93 0.24 0* -1.41 -0.45
Trai-ai l-azan -0.29 0.24 0.236 -0.76 0.19
ny-azain 1.29 024 0* 0.81 1.76
alu-aj -2.21 0.24 0* -2.69 -1.74
Tn-agaan | Mli-azain -1.57 0.24 0* -2.05 -1.09
Trai-ai -1.29 0.24 0* -1.76 -0.81

*The mean difference is significant at the .05 level.

~ ' o - A A - Y A o '
1IN !!ﬁ'ﬂ\‘iﬂ75!lﬁﬂﬂlﬂﬂﬂﬂ?7ﬂluﬂﬂﬂ70?!9@5&’ﬂﬂﬂ?7ﬂ!3l08]!ﬂﬁﬂﬂi!?ﬂ!ﬂ@!!ﬁ&"ﬂ@ﬂ@!l’%i?ﬂf}

. . A pe /g
Multiple Comparisons PRI TRH)
Dependent Variable: iiiog

LSD
95% Confidence
Mean Difference Std. Sig. Interval

(1-J) Error Upper

(l) TR (J) TR Lower Bound Bound
i lil-azan 0.57 0.29 0.053* -0.00807 1.15
Wl | Tl 1.07 0.29 | 0.001* 0.49 1.65
Ini-azain 143 0.29 o* 0.85 2.01
Wil -0.57 0.29 | 0.053* -1.15 | 0.00807
ililazaon | Tnai-l 0.5 0.29 0.089 -0.0795 1.08
Tmi-srzaan 0.86 0.29 0.005* 0.28 1.44
Wl -1.07 0.29 | 0.001* -1.65 -0.49
Tniad-Tad iill-azan -0.5 0.29 0.089 -1.08 0.0795
Tni-azaan 0.36 0.29 0.222 -0.22 0.94
it -1.43 0.29 0* -2.01 -0.85
Tmiazan | i llazan -0.86 0.29 | 0.005* -1.44 -0.28
Trad-ai -0.36 0.29 0.222 -0.94 0.22

*The mean difference is significant at the .05 level.
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Multiple Comparisons ~ !vuaauuu
Dependent Variable: ey
LSD
95% Confidence
Mean Difference Std. Sig. Interval
(1-J) Error Upper
(|) TR (J) TR Lower Bound Bound
nll-azain 1.21 0.21 0* 0.79 1.64
-l Tnsi-Taj 1.21 0.21 0* 0.79 1.64
Twi-arzaan 1.21 0.21 0* 0.79 1.64
i1 -1.21 0.21 0* -1.64 -0.79
lilazaon | Tuad-ld 0 0.21 1 -0.43 0.43
Tmi-azann 0 0.21 1 -0.43 0.43
2 lu-aj -1.21 0.21 0* -1.64 -0.79
Trai-ai W ld-azaan 0 0.21 1 -0.43 0.43
Tnsi-arzaan 0 0.21 1 -0.43 0.43
alu-aj -1.21 0.21 0* -1.64 -0.79
Inil-azan M lil-azan 0 0.21 1 -0.43 043
Tnsi-lai 0 0.21 1 -0.43 0.43

*The mean difference is significant at the .05 level.

1519 uaasmsilSeuiigunnuuanaavesszaun R de Y3 Iamuaua v g

Multiple Comparisons HuaIuE
Dependent Variable: ey
LSD
95% Confidence
Mean Difference Std. Sig. Interval
(I-J) Error Upper
(D TR (VTR Lower Bound Bound
Wlil-azan 0.57 03| 0.065 -0.0373 1.18
Wl | T 0.93 0.3| 0.003* 0.32 1.54
Tii-azann 1.14 0.3 0* 0.53 1.75
Wi -0.57 03| 0.065 -1.18 0.0373
Wllazaon | Tii-bi 0.36 03| 0.244 -0.25 0.97
Tii-azann 0.57 03| 0.065 -0.0373 1.18
i -0.93 0.3 | 0.003* -1.54 -0.32
Tnili | ilazaan -0.36 03| 0.244 -0.97 0.25
Ti-azann 0.21 03| 0483 -0.39 0.82
- -1.14 0.3 0* -1.75 -0.53
Tmi-azaon | ihl-azaan -0.57 03| 0.065 -1.18 0.0373
T -0.21 03| 0483 -0.82 0.39

*The mean difference is significant at the .05 level.
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