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SUPARAT KANGSANTIA : THE STUDY OF APPROPRIATE SEAT

HEIGHT AND RISING POSTURE TO PREVENTING FALL OF THE

ELDERLY. THESIS ADVISOR : ASST. PROF. WEERACHAI ARJHARN,

Ph.D. 109 PP.

ELDRLYHEIGHTS CHAIRBARG BALANCE SCALEFIVE TIME SIT TO

STAND/THAI FALL EFFICACY

The objectives of this research are to study the stability of the elderly during

rising up and to investigating their satisfaction to the various heights of chair. Subjects
were 100 elderly living in Nakhon Ratchasima Province. The process of this study is
divided into three parts: 1) survey research regarding background of the subjects and
their body dimensions using questionnaire and anthropometer, 2)evaluation of physical

capacity using Berg Balance Scale, Five Times Sit to Stand Test, and Thai Fall Efficacy

Scale-International, and 3) Experimental research. There are two experiments in this
study. The objective of the first experiment is to investigate the factors affecting time
spent for rising up from the chair. There two factors: 1) seat height at five levels (38, 40,
42, 44 and 46 cm.), and 2) arm rest height at four levels (0, 15, 20, and 25 cm). The
response is time spent for rising up. For the second experiment, the object is to
investigate the effect of seat height on forward reach. There are five levels of seat height

(38, 40, 42, 44, and 46 cm).



The results show that the problems most found in chair using are 1)
inconvenience during rising up because of no arm rests, 2) discomfort during sitting,
and 3) unstable rising up. The results from Thai Fall Efficacy Scale reveals that 62% of
the subjects feels fear of fall. The average of time spent for rising up is 17.00 s., whereas
the minimum is 9.403 s.and the maximum is 39.498 s. The subjects rise up fastest when
using the seat height of 42 cm. The height of arm rest has no effect on time spent for
rising up, but it has a significant effect of forward reach. The subjects show the highest
satisfaction score when using seat height of 42 cm. and arm rest height of 20 cm.

Furthermore, the subjects need arm rest for assisting in rising up.
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1. | soufiswe aein
2. | seume aein
3. | seuen aedn
4. | soulden aein
5 | soui@? aein
6. | seuniiies awin
7. | seumglnn awin
8. | seusutn awin
9. | sevussdwivgiiin aein
10. | sevasluuuly awin
11. | SousuuIY awin
12. | seuderen awin
13. | souumuaduiilugiiian aein
14. | seudeiie aein
15. | Anunden Antropometer
16. | AnunNue Antropometer
17. | avunhanivie Antropometer
18. | mundiemelnn Antropometer
19. | mundiedumn Antropometer
20. | AUMURN Antropometer
21, | AnunuLen Antropometer
22. | mumunniavithvies Antropometer
23. | enuvunazln Antropometer
20, | AU Antropometer
25 | AU Antropometer
26. | MINENN Antropometer
21. | eugetilva Antropometer
28. | mugednuind Antropometer
29. | Anuguema Antropometer
30. | mwgeteren(vaize) Antropometer
31 | ewgsldidh Antropometer
32. | evwgedautingnily Antropometer
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6. | Avmgenniuii - dulva Antropometer
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6. mmqqmﬂ“ﬁuﬁﬁq - Jaren(vaLIe) Antropometer
T mmqamn“ﬁu‘ﬁﬁ"q - U Antropometer
8. mmqqmﬂ-ﬁu ~ ARUUUIBIUL Antropometer
9. ﬂ'nqum-?':u - 98euans (vaizi) Antropometer
10. mmqﬁﬁ"a (ﬂmzﬁ"q) Antropometer
11. | szpevinedulva ) Antropometer
12. | arunialua (wasls) Antropometer
13. | Aunindarenuan - enedasenluwuasesu) | Antropometer
14. | Anuninasesiumen (-um::fiq) Antropometer
15. | Avwnhenelwn (aazt) Antropometer
16. | suezdonilovusumia Antropometer
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19. | mmmumiivies @aei) Antropometer
20. | szezviewtinvies - T Antropometer
21. | szagvihaduduiany - W Antropometer
22. | szmevhadududady - deRniivaen Antropometer
23. | szevhnadududany - seAuLemauUY Antropometer
24. | avwnedhile Caliper
25 | szugvirdlautianans - Anandlavngie Caliper
26. | Amuneueasinduvin Caliper
27. | avundeduin Caliper
28. | mwgminiienitan Caliper
29. ﬂ'nuu'nﬁfm'nﬁ?"fuﬁa‘m Caliper
30. | dnnin@landu) iAsasdaimiin
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General Linear Model: time versus seatheight, armheight, subject

Factor Type Levels Values
seatheight fixed 5 38, 40, 42, 44, 46
armheight fixed 4 0, 15, 20, 25
subject fixed 00 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 3¢, 37, 38, 39, 40, 41,
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100
Analysis of Variance for time, using Adjusted SS for Tests
Source DF Seqg SS Adj SS Adj MS F P
seatheight 4 7.2729 7.5353 1.8838 1276 0.000
armheight 3 02442 0.2554 0.0851 0.58 0.631
seatheight*armheight 12 2.0347 22088 0.1841 125 0244
subject 99 925.0865 925.0865 93443 6327 0.000
Error 3879 572.8666 5728666 0.1477
Total 3997 1507.5048
S =0.384297 R-Sqg =62.00% R-Sqgadj)=60.84%
Unusual Observations for time
Obs time Fit SE Fit Residual St Resid
33 292900 211638 0.06628 0.81262 215 R
34 290400 211638 0.06628 078762 2.08 R
46 3.68300 155130 0.06628 2.13170 563 R
67 235800 143199 0.06628 0.92601 245 R
125 255600 1.76650 0.06628 0.78950 209 R
166 3.68300 155130 0.06628 2.13170 563 R
187 2.35800 143199 0.06628 0.92601 245 R
213 2.89200 2.03118 0.06628 0.86082 227 R
228 397600 1.96769 0.06628 2.00831 531 R
231 113000 197308 0.06628 -0.84308 223 R
233 326500 2.04358 0.06628 122142 323 R
341 250800 1.45962 0.06628 1.04838 277 R
376 295900 210891 0.06628 0.85009 225 R
530 296800 115701 0.06628 1.81099 478 R
678 228300 1.48976 0.06628 0.79324 210 R
687 3.21000 1.54938 0.06634 1.66062 439 R



688

722

723

724

725

739

743

848

878
1041
1055
1072
1078
1125
1133
1155
116l
1167
1188
1281
1285
1339
1349
1363
1365
1371
1373
1377
1379
1385
1391
1393
1395
1396
1406
1416
1426
1442
1471
1511
1534
1563
1569
1583
1586
1590
1598
1625
1778
1793

4.21300
3.81400
2.89500
3.03900
3.72600
1.09800
1.03900
3.39200
3.26200
3.85500
1.06400
3.09300
3.18500
1.60400
3.22900
3.21900
3.02700
3.65300
1.30600
1.26500
114400
1.04100
114600
1.82900
2.20000
2.25200
3.97900
436700
5.36000
562000
2.17500
4.21600
3.91700
463600
1.01600
2.67600
2.48000
4.02200
1.26300
4.94900
3.23800
2.97900
2.90400
1.31200
3.16800
2.98000
1.23900
211200
3.75500
441400

1.54938
2.05525
2.09557
2.09557
2.11565
2.00823
1.97861
2.57998
246616
231295
227236
2.25943
2.31408
248362
242781
2.39138
2.18870
2.30366
212979
2.10272
216312
213313
2.12952
3.23109
3.25117
3.15858
3.19536
311769
3.14375
3.12861
3.13726
3.20775
3.15893
3.15893
1.82115
172016
1.69859
2.18570
213218
1.79531
246013
2.21169
2.11153
2.09474
2.10921
2.12075
217251
1.35251
277247
2.86253

0.06634
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06634
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06634
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628

266362
1.75875
0.79943
0.94343
1.61035

-0.91023
-0.93961

0.81202
0.79584
1.54205

-1.20836

0.83357
0.87092

-0.87962

0.80119
0.82762
0.83830
1.34934

-0.82379
-0.83772
-1.01912
-1.09213
-0.98352
-1.40209
-1.05117
-0.90658

0.78364
1.24931
2.21625
249139

-0.96226

1.00825
0.75807
1.47707

-0.80515

0.95584
0.78141
1.83630

-0.86918

3.15369
0.77787
0.76731
0.79247

-0.78274

1.05879
0.85925

-0.93351

0.75949
0.98253
1.55147

-2.18
-2.21
-2.69
-2.89
-2.60
-3.70
-2.78
-2.39

7.04
4.65
211
2.49
4.25

oo™ o™ ow m

-2.40 R
-248 R

215 R
210 R
407 R

-319 R

220 R
230 R

232 R

212 R
219 R
221 R
3.56 R

ol S 7 B VoS I O B S B

2.07 R
3.30 R
585 R
6.58 R

-2.54 R

266 R
2.00 R
3.90 R

-2.13 R

253 R
206 R
4.85 R

-2.30 R

8.33 R
2.05 R
203 R
209 R

-2.07 R

280 R
227 R

247 R

201 R
260 R
410 R
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1806
1819
1823
1827
1830
1843
1850
1857
1865
1869
1874
1877
1879
1881
1925
1940
1948
1957
1985
2036
2054
2070
2087
2116
2161
2162
2206
2261
2290
2442
2444
2445
2465
2497
2517
2525
2563
2584
2587
2588
2618
2625
2654
2660
2668
2675
2677
2683
2687
2689

3.59300
4.01600
1.67800
4.79100
411900
431500
4.03300
2.13700
2.05000
2.00600
4.06500
3.84400
1.71200
3.21100
560500
2.20400
3.76200
418500
3.88900
2.96200
3.57400
3.58800
4.81400
3.12100
2.38000
2.78900
2.88100
3.00600
2.99900
274100
0.81700
1.04600
2.97000
3.09600
266600
3.59800
1.19300
275500
3.28300
277900
3.24400
0.97900
3.06500
0.45100
3.00500
3.12200
3.82000
4.02900
2.02100
1.70900

275595
2.64853
2.61891
2.63664
2.64492
3.02517
292501
291177
292269
2.93422
3.00183
2.98598
2.94079
2.39917
3.07997
2.97255
2.96066
3.02071
2.12049
2.19115
273285
271993
226631
2.32728
159462
159462
1.85718
2.07554
1.90833
1.88057
1.90065
1.95521
1.78134
1.87273
1.87569
1.86563
2.04157
1.91901
1.93055
1.93055
1.88840
1.87651
2.23886
2.19407
2.22882
2.28058
2.23539
3.00420
2.88396
291161

0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06772
0.06772
0.06628
0.06628
0.06628
0.06628
0.06634
0.06628
0.06628
0.06628
0.06628
0.06634
0.06628
0.06628
0.06628
0.06634
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628

0.83705
1.36747

-0.94091

2.15436
1.47408
1.28983
110799

-0.77477
-0.87269
-0.92822

1.06317
0.85802

-1.22879

0.81183
2.52503

-0.76855

0.80134
116429
1.76851
0.77085
0.84115
0.86807
2.54769
0.79372
0.78538
119438
1.02382
0.93046
1.09067
0.86043

-1.08365
-0.90921

1.18866
1.22327
0.79031
173237

-0.84857

0.83599
1.35245
0.84845
1.35560

-0.89751

0.82614

-1.74307

0.77618
0.84142
1.58461
1.02480

-0.86296
-1.20261

221 R
3.61 R

-2.49 R

569 R
3.89 R
341 R
293 R

-2.05 R
231 R
-245 R

281 R
227 R

-3.25 R

214 R
6.67 R

-2.03 R

212
3.08
4.67
2.04
2.22
2.29
6.73
210
2.07
3.16
2.70
2.46
2.88
2.27

YIS B> s B v B VR SR VI B S B S IS B S B S

-2.86 R
-2.40 R

3.14 R
323 R
209" R
458 R

-2.24 R

221 R
3.57 R
224 R
3.58 R

-2.37 R

218 R

-460 R

2.05 R
222 R
419 R
271 R

-228 R
-3.18 R
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2703
2709
2714
2726
2737
2744
2750
2751
2765
2769
2770
2772
2774
2779
2795
2798
2824
2833
2837
2914
2923
2935
2944
2954
2971
3012
3014
3079
3092
3140
3149
3150
3156
3168
3201
3221
3289
3316
3323
3381
3387
3427
3496
3517
3530
3613
3645
3720
3725
3745

5.41200
2.11800
3.76000
2.04700
1.47300
2.02300
4.04600
3.93700
5.97600
4.23200
4.04000
1.87700
3.82200
2.02200
1.81600
2.17800
1.47900
3.46000
4.00900
3.38900
4.25100
3.47300
3.35900
163300
3.29300
3.40200
3.40500
3.35400
3.37900
3.55000
3.43000
444400
4.33400
2.85000
3.18200
3.63600
242400
2.64700
1.20000
2.99500
3.23500
2.45600
274300
3.03000
2.56300
2.91700
3.75200
3.97900
5.78300
1.85000

2.88164
2.89028
2911895
298311
2.82113
2.80599
2.81463
2.88513
319511
3.04796
3.04796
3.08473
3.03956
2.994717
3.08128
3.03609
2.38079
241110
2.39889
245910
2.61225
2478717
248969
2.52000
2.25866
240828
236311
2.50935
2.513893
2.62094
2.65281
2.65281
270746
1.96396
1.89697
1.78001
1.65796
1.69128
2.04817
1.82699
1.85300
1.69222
1.80392
1.83294
1.71096
2.05523
2.48908
2.90307
3.01803
2.84416

0.06628
0.06628
0.06628
0.06634
0.06628
0.06628
0.06628
0.06628
0.06634
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06628
0.06634
0.06628
0.06634
0.06628

2.53036
-0.77228
0.84805
-0.93611
-1.34813
-0.78299
1.23137
1.05187
278089
118404
0.99204
-1.20773
0.78244
-0.97277
-1.26528
-0.85809
-0.90179
1.04890
1.61011
0.92990
1.63875
0.99423
0.86931
-0.88700
1.03434
0.99372
1.04189
0.84465
0.86507
0.92906
0.77719
1.79119
1.62654
0.88604
1.28503
1.85599
0.76604
0.95572
-0.84817
116801
1.38200
0.76378
0.93908
1.19706
0.85204
0.86177
1.26292
1.07593
276497
-0.99416

6.68 R
-2.04 R
224 R
-247 R
-3.56 R
-207 R
3.25
2.78
7.35
313
2.62
-3.19 R
207 R
-257 R
-3.34 R
227 R
-2.38 R
2.717
4.25
246
4.33
2.63
2.30
-2.34 R
273
2.63
2.75
2.23
2.29
2.45
2.05
473
4.30
2.34
3.39
4.90
2.02
2.52
-224 R
3.09
3.65
2.02
2.48
3.16
2.25
2.28
3.34
2.84
7.30
-2.63 R
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3748 2.04100 2.85245 0.06628 -0.81145 214 R

3753 372400 2.87123 0.06628 0.85277 225 R
3754 375300 2.87123 0.06628 0.88177 233 R
3764 3.24100 239685 0.06628 0.84415 223 R
3791 1.59500 235343 0.06628 -0.75843 -2.00 R

3793 1.33700 230460 0.06628 -0.96760 -256 R

3816 261100 1.81577 0.06628 0.79523 210 R
3868 297700 2.04200 0.06628 0.93500 247 R
3876 3.01800 2.09376 0.06628 0.92424 244 R
3915 292500 1.79418 0.06628 113082 299 R
3951 3.53000 1.95673 0.06628 1.57327 416 R
3956 275600 1.94088 0.06628 0.81512 215 R

R denotes an observation with a large standardized residual.

S =0.384297  R-Sq =62.00% R-Sq@di)=60.84%

Grouping Information Using Tukey Method and 95.0%Confidence

seatheight N Mean Grouping
38 798 2034 A

46 800 1.965 B

40 800 1.948 B C

44 800 1.923 B C

42 800 1.909 C

Means that do not share a letter are significantly different
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General Linear Model: reach versus Seat height, ID

Factor Type Levels Values
Seat height fixed 5 38, 40, 42, 44, 46
ID fixed 00 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,

29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,

42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,

68, 69, 70, 71, 72, 73, 74, 175, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,

94, 95, 96, 97, 98, 99, 100

Analysis of Variance for reach, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
Seat height 4 237.5 262.0 65.5 2.48 0.042
ID 99 1531264 1531264 1546.7 58.50 0.000
Error 1393 368304 368304 26.4

Total 1496 1901943

S -514195 R-Sq -80.64% R-Sq@dj)-79.20%

Unusual Observations for reach

Obs reach Fit SE Fit Residual St Resid
33 30.8000 43.8559 13540 -13.0559 -2.63 R
153 53.6000 434692 1.3540 10.1308 2.04 R
178 41.8000 28.0732 - 1.3540 13.7268 277 R
227 323000 193759 13540 12.9241 261 R
255 235000 11.6732 1.3540 11.8268 238 R
298 36.0000 24.0465 1.3540 11.9535 241 R
299 358000 24.0465 1.3540 11.7535 237 R
498 356000 19.6025 1.3540 159975 322 R
513 254000 143759 1.3540 11.0241 222 R
546 38,9000 26.0952 1.3540 12.8048 258 R
584 296000 17.3065 1.3540 12.2935 248 R
601 233000 342559 13540 -10.9559 221 R
632 267000 394959 13540 -12.7959 -258 R
633 293000 394959 13540 -10.1959 206 R
635 282000 392552 13540 -11.0552 223 R
637 49.0000 38.8825 1.3540 101175 2.04 R
642 493000 38.8332 1.3542 10.4668 211 R
673 294000 17.8265 1.3540 115735 233 R
674 30.0000 17.8265 1.3540 12.1735 245 R



675
697
709
715
718
720
736
737
738
748
749
750
751
766
767
768
772
778
811
812
813
814
815
826
838
839
840
856
867
903
913
919
922
931
1003
1014
1030
1031
1068
1077
1137
1139
1141
1161
1170
1278
1281
1285
1288
1289

30.9000
13.8000
22.4000
23.4000
21.2000
47.0000
53.2000
50.3000
52.0000
26.8000
25.8000
27.0000
246000
48.7000
49.2000
53.3000
27.3000
26.6000
37.7000
36.2000
38.3000
12.2000
13.0000

5.5000
27.5000
26.3000
29.5000
156000
42.9000
31.2000

9.4000
154000
14.2000
154000
13.7000
354000
17.8000
21.0000
39.7000
16.7000
457000
25.7000

4.0000
33.0000
10.4000
32.8000
30.0000

5.0000

5.3000

6.4000

178265
23.9225
34.2819
33.8599
34.9932
34.9932
37.8559
37.8559
37.8559
38.3265
38.3265
38.3265
36.3492
38.4959
38.4959
38.4959
37.8825
38.9665
23.3159
23.3159
23.3159
23.0752
23.0752
158025
16.2732
16.2732
16.2732
28.8625
28.1999
20.7292
211999
25.3285
249559
28.8959
24,6865
248025
31.0132
31.0132
28.2559
27.5932
35.0599
36.1932
158892
21.2885
21.9999
16.7759
16.5352
161132
17.2465
17.2465

1.3540
1.3540
1.3540
1.3542
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3542
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3542
1.3542
1.3540
1.3542
1.3542
1.3540
1.3540
1.3540
1.3540
1.3540
1.3540
1.3542
1.3540
1.3540

13.0735

-10.1225
-11.8819
-10.4599
-13.7932

12.0068
15.3441
12.4441
141441

-11.5265
-12.5265
-11.3265
-11.7492

10.2041
10.7041
148041

-10.5825
-12.3665

143841
12.8841
149841

-10.8752
-10.0752
-10.3025

11.2268
10.0268
13.2268

-13.2625

147001
10.4708

-11.7999

-9.9285

-10.7559
-13.4959
-10.9865

105975

-13.2132
-10.0132

11.4441

-10.8932

10.6401

-10.4932
-11.8892

11.7115

-11.5999

16.0241
13.4648

-11.1132
-11.9465
-10.8465

2.64 R
-2.04 R
-2.40 R
211 R
-2.78 R

242 R

3.09 R

251 R

285 R
232 R
-253 R
-2.28 R
-2.37 R

2.06 R

216 R

2.98 R
213 R
-249 R

2.90 R

2.60 R

3.02 R
219 R
-203 R
-2.08 R

2.26 R

2.02 R

2.67 R
-2.67 R

296 R

211 R
-2.38
-2.00
-2.17
-2.72
-2.21

214 R
-2.66 R
-2.02 R

231 R
-2.20 R

215 R
212 R
-240 R

236 R
-2.34 R

323 R

2771 R
-2.24 R
241 R
219 R

oo™ ™™
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1319 398000 292599 1.3540 10.5401 212 R
1320 445000 292599 1.3540 152401 3.07 R
1354 153000 26.7752 1.3540 -11.4752 231 R

1357 13.8000 26.4025 1.3540 -12.6025 -2.54 R

1361 424000 26.3532 1.3542 16.0468 323 R
1362 438000 26.3532 1.3542 174468 3.52 R
1364 38.8000 274865 1.3540 11.3135 228 R
1365 424000 274865 1.3540 149135 3.01 R
1383 25.0000 128692 1.3540 121308 245 R
1396 23.8000 358959 1.3540 -12.0959 244 R

1397 257000 358959 1.3540 -10.1959 -2.06 R

1425 48.0000 36.2465 1.3540 11.7535 237 R
1439 36.2000 226665 1.3540 13.5335 273 R
1461 488000 34.8285 1.3540 139715 282 R
1464 46.0000 344559 1.3540 115441 233 R
1469 23.8000 355399 1.3540 -11.7399 -2.37 R

1471 37.8000 252625 1.3540 125375 253 R
1472 395000 252625 1.3540 142375 287 R
1473 415000 252625 1.3540 16.2375 3.27 R
1492 16.0000 272292 13540 -11.2292 226 R

1495 17.0000 271799 1.3542 -10.1799 -2.05 R

1498 41.7000 283132 1.3540 13.3868 2.70 R
1499 420000 283132 1.3540 13.6868 2776 R
1500 41.6000 283132 1.3540 13.2868 2.68 R

R denotes an observation with a large standardized residual.

Grouping Information Using Bonferroni Method and 95.0%Confidence

Seat height N Mean Grouping
38 (control) 300 2383 A

46 300 2431 A

40 300 2359 A

42 300 2322 A

44 297 2317 A

Means not labeled with letter A are significantly different from control level
mean.

Grouping Information Using Sidak Method and 95.0%Confidence

Seat height N Mean Grouping
38 (control) 300 23.83 A

46 300 2431 A

40 300 2359 A

42 300 2322 A

44 297 2317 A

Means not labeled with letter A are significantly different from control level
mean.
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Grouping Information Using Dunnett Method and 95.0%Confidence

Seat height N Mean Grouping
38 (control) 300 2383 A

46 300 2431 A

40 300 2359 A

42 300 2322 A

44 297 2317 A

Means not labeled with letter A are significantly different from control level
mean.
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46 2 2 4 3
47 2 2 4 5
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50 2 2 4 5
51 2 1 4 4
52 2 2 5 5
53 2 1 5 4
54 1 1 4 5
55 2 1 4 5
56 2 2 4 5
57 2 1 5 3
58 1 1 3 5
59 2 2 4 5
60 1 1 5 4
61 1 2 5 4
62 2 2 5 4
63 1 1 4 5
64 2 2 5 5
65 2 2 5 3
66 2 2 4 5
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PRODUCTIVITY IMPROVEMENT OF PACKING PROCESS IN A
THAI ROLLED WAFER FACTORY USING ECRS PRINCIPLE

Suparat Kangsantia?, Weerachai Arjharn®, Pornsiri Jongkol®
Suranaree University of Technology, 111, University Avenue, Suranaree Subdistrict, Muang,
Nakhon Ratchasima, Thailand 30000
Email: botan_2011@hotmail.co.th

ABSTRACT

Rolled wafer is a traditional Thai dessert and remains
popularity in Thailand. This project studies the production
lines in a rolled wafer factory which plans to increase
production capacity due to greater customer demand. The
result from primary factory survey shows that there is
limited space in packing and storage area, and also a
number of workstations lead to an unnecessary
transportation. This study focuses on reduction of loss in
working process, number of workers needed in packing
process, and work improvement. In packing and storage
area, there are seven operators. Six operators put rolled
wafer in plastic bags and seal them, while another operator
place labels on the packages and move the finished
product to the storage area nearby. Layout of these
operations and work method were redesigned using
ECRS. ECRS consists of elimination, combination,
rearrangement and simplification. First of all, cycle time
of each workstation is measured. Then, ECRS is applied to
the operations of the workers in order to decrease cycle
time. Next, line balancing is used to increase productivity.
The result shows that using ECRS can decrease
transportation by 12 m. or 70.59% and also decrease are
number of workers from 7 to 5 workers. It is concluded
that ECRS is effective for increasing production capacity.

KEYWORDS: ECRS principle, work improvement,
packing process

1.INTRODUCTION

Crispy rolled wafer is a traditional Thai dessert. It has
gained popularity in China, Taiwan, and Singapore for
over ten years and becomes a high potential export
product. A case study of this project is a Thai dessert
manufacturer in Surin province, Thailand. The factory
owner plans to expand the plant to increase production
capacity in the next two years. Currently, manufacturing
processes of the dessert are carried out in a small area,

including a packing process. In the packing area, each
worker fills the package with the finished product, weigh
the filled package and seal it. Then, the worker in a storage
area moves the sealed package to the storage area. It is
clearly seen that each worker of packing department
performs several operations. Therefore, unnecessary
transportation occurs. This project aims to solve the
problem of transportation waste using the principle of
elimination, combining, rearranging, and simplification
(ECRS) so that productivity is increased.

2. EXPERIMENT
2.1 Experiment apparatus
Original Packing Process

The package is filled with rolled wafer for a
certain pack size and weighed. Then, the filled package is
moved to the sealing machine for a complete seal to make
the wafer crispy. These processes are shown in Figure 1.
Next, the package is moved to the folding workstation,
where a brand sticker is placed on the package and the top
of package is folded. Then, it is moved again to the sticker
area where a sticker indicating expired date is placed on
the package.

Figure 1. Filling operation and sealing package.
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Table 1. Flow process of rolled wafer manufacturing

‘Work Number Activity Distance (m)
1 Move rolled wafer to packing station. 45
2 Fill the rolled water in the package.
3 Move the filled package to the sealing machine. 35
4 Seal the filled package.
5 Move the package to the folding station. 5
6 Wait for the worker.
7 Place the brand sticker on the package and fold the top of the package.
8 Move the package. 4
9 Wait for the worker.
10 Place the expired date on the package.

Total distance 17

Figure 2. Shows the worker moving the sealed packages
to the next workstation for branding and expired date
sticker. Figure 3 shows the area of the branding and
expired date sticker workstation. The transportation
distance is shown in Table 1. The packing and storage
area requires seven workers To analyze work process
and identify unnecessary activities and transportation,
various tools are used including operation process chart,
flow process chart, and flow diagram. Then, ECRS

principle is applied to improve rolled wafer
manufacturing. For example, in Table 1, it is obvious
that there are four times of movement including work
number 1, 3, 5, and 8, resulting in seventeen meters of
transportation (Figure 4). Therefore, elimination (E) is
used to minimize transportation. Furthermore, packing
and sticker placing are combined (C) to be a single
workstation. Then, the flow process is rearranged (R) and
simplified (S).

Figure 2. worker moving the sealed packages to
the next workstation.

3.ANALYSIS
Revised Working Process

After the ECRS is applied, the revised work
process is shown in Figure 5. There are two workers at

Figure 3 branding and expired date sticker workstation.

the packing station filling the rolled wafer in the
package. Then, the package is sent to the sealing

station where a manual machine and an automatic
machine locate. Then, the package is sent to a sticker




107

The 11th SEATUC Symposium

placing station, where the top to the package is fold, the package is put in the box. Next, the package is sent to a
brand and expired date stickers are placed, and the storage.

wafer wait
packed

. Move to the packing area

Move to the sealing machine
Bl Move to the folding station

. Move to the expired date
sticker station

Move to the storage

storehouse

Figure 4. The present flow diagram of rolled wafer operations.

Table 2. Comparison of transportation distance between before and after improment.

Distance (m)
Work Number  Activity

before after

1 Move rolled wafer to packing station. 45 2

2 Fill the rolled water in the package.

3 Move the filled package to the sealing machine. 35 0

4 Seal the filled package.

5 Move the package to the folding station. 5 0

6 Place the brand sticker on the package and fold the top of the package.

? Move the package. 4 0

3 Place the expired date on the package.

9 Move the storehouse 0 3
Total distance 17
Distance differ 12
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Present (%)

70.59

‘When comparing the revised work flow and the old work
flow, it is found that the revised work flow can decrease

the number of transportation and the transportation
distance (Table 2). Figure 6 shows the improved flow
diagram. The movement of revised flow diagram is less
complicated than the present one.

e pring mé et e prag m b

Figure 5. Work flow after improvement

=F

[l Mov: o the pecking arca
Il Mow o1be sealiog machine warstass:
I Movs fothe felding staton

I Mo tothe expired dte
sicker saicn

Move toth storage

Figure 6. The revised flow diagram of rolled wafer
operations.

ECRS can decrease transportation waste and also
complicated works in manufacturing process. The
transportation distance is decreased by 12 m. or 70.59%.
The number of workers is decreased by two persons.

4. CONCLUSIONS
ECRS is an effective tools used to improve efficiency of
manufacturing process. In this case study, using ECRS can

improve the transportation by 70.59% and the number of
workers is decreased by two persons.
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