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Veritying the Impact of Due-Date Performance in the Mechanism of

project Frozen: An Experimental Study

Student : Jheng-Hong Peng Advisor : Dr. Rong-Kwei Li
Dr. Wen-Lea Pearn

Department of Industrial Engineering and Management College of

Management National Chiao Tung University

Abstract

Traditional project management considered the main cause leads to poor project
due-date performance is uncertainty in project-environment. In order to improve project
due-date performance, we must first reduce-the uncertainties in the project. Dr.Goldratt
considered management is the main cause impacts project due-date performance. By
changing manage way, we can improve project-due-date performance. The first step of
improving project due-date performance.must be able to quickly appear improvement, and
we can achieve fast and effective way to improve project due-date performance by freezing
the project.

Due to the argument proposed by Dr.Goldratt is very different from the concept of
traditional project management, and the current literature rarely discusses such improving
methods. This study simulated a practical environment by project management
experimental game to verify the impact between the project freezing mechanism and the
due-date performance. This study verified that the implementation of CCPM mechanism
proposed by Dr.Goldratt can improve the project due-date performance effectively and

quickly.

Keywords: critical chain project management (CCPM), Due-date performance
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¥ ) g EL:S 3 Ed | Takd | FixEkd | Biad

1 21.021 4.646 45 1.000 1.000

T 2 20.771 3.083 4.3 2.979 1354 0.958 0.875

3 10.083 1.479 0.167 0.708 0.167

BeE 51.875 9.104 6.021 2.667 2.042
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L% |Rad | Bd2 (PE(L3230E | @aTH (R | 2051 (MR T| L5y | FHY
EEAN|
Su| PR EE [P R R |RE| EER) CRE8 S o e
1 66.938 65.833 1.1 64.729 7.984 -0.1 21.021 0.521 1.165
I 2 88.521 90.75 8.35 82.396 8.063 8.6 20.771 4.3 0.438 0.417 1.086
3 102.521 106.938 | 19.8 87.146 7.832 20.9 10.083 0.292 1.035
dF G OFAR S APT @ TR EE R BT R PGk d R Rk
g
AT BIHHLAEMARSES APT UL T AR %L L
Foorz PR Y TRREE PR ROl R Bk -7 2
51 EPEFERYd 47772 7% 3221021 R R &x A @ B R d 7538 X T 3 64.73
T B2 HEred 2292%4F 2L 1 52.08%; B H - hh 2 S 1 EPERY 7158 T
%3 20771 2o E %2 2w ¥ PRREY 8933 % FTREF 8240 % 0 & & 2 Hpiand 22.92%

A

BPERd 80921 T 387151 % %

43.75% ; B R = h A 2%

LI AT R i

25%# - 1

41.67% >

1R R 71943 T % 10083 % 0 & &k x A

ARSI ERRE T ERFR AR SRR EEE > 7R e )T A
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per Y
2 8Fir BEAFREFER XL
AL
T LA BT LandwnpR 7 %51 (KRR LR
K rd
5 %- L% | B%z | B&%- L&k | Bz | B%- &% | B&x= %% L% | B%xz
Fr EEFR | 7648 | 97.69 | 10971 | 7538 | 8933 | 89.92 | 47.77 | 7158 | 71.94 | 22.92% | 22.92% |29.17% | 25.00%
GBS 65.83 | 90.75 | 106.94 | 64.73 82.4 87.15 | 21.02 | 2077 | 10.08 | 52.08% | 43.75% |29.17% | 41.67%
v 0.861 | 0929 | 0975 | 0.859 | 0922 | 0969 | 0440 | 0290 | 0.140 | 2272 1.909 1 1.667
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*# 3 1 STATISTICA ¥ 1 T-test Dependent Samples w5 si3t 2471 & > F] 5
FofREMEEEFE - EFRIARFR TR AT PR OTREEFTFE
—BER - R TR - EER ARG BE G AR E > 27 Ttest
Dependent Samples & £_°

d 2932 1154 P PR BEShA 25 148
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T-test for Dependent Samples (TEJt;t 7 L27 = EST FE?
Marked differences are significant at p < OSOOO
Mean | Std.Dv. |N| Diff. | Std.Dv. t df D

Variable Diff.
Bt [47.77083] 34.80538
{3 112.708331 7.79787|148  35.06250/32.00093|7.591032 47/ 0.000000
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T-test for Dependent Samples (Fi %'~ 7L 27 = Eﬁf
Marked differences are significant at p < 05000

Mean
Variable

Std.Dv.

N

Diff.

Std.Dv.

Diff.

t df

T

71.5833343.49069

EELT | 8.39583] 8.25328(148163.18750140.83420! 10.72081 | 47/0.000000
%\11%4’ B, —Yilf-'v\[:ﬁ?]’:ﬁ J‘)‘Lln\"}frz
T-test for Dependent Samples (ff %= 12U 27 =[] o)
Marked differences are significant at p < OSOOO
Mean | Std.Dv. |[N| Diff. | Std.Dv. t df

Variable Diff.
- [71.93750]52.03452
FET | 3.54167 5.8308048 68.39583150.2020319.439064 | 47/0.000000
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T-test for Dependent Samples (EJ E WETJJ EN [E\ﬂj )
Marked differences are significant at p <.0500

Mean | Std.Dv. |N| Diff. | Std.Dv. t df D
Variable Diff.
[Eh- |75.37500/8.729078
(= 164.7291715.708298(148 1 10.6458316.282328 11.74031 | 47/0.000000

4L > 1

*FBERk-BFaamEER

/L»F

45 4

DRI

T-test for Dependent Samples (EJ %
Marked differences are significant at p <.0500

Mean | Std.Dv. [N| Diff. | Std.Dv. t df D
Variable Diff.
- [89.33333]10.36429
(T [82.39583 ] 7.53358(14816.937500! 8.101500! 5.932779| 47/ 0.000000
145 %% %2 A58 AL 474
T-test for Dependent Samples (EJ Y EJJL%& il [E\ﬂj )
Marked differences are significant at p <.0500!
Mean | Std.Dv. [N| Diff. | Std.Dv. t df D
Variable Diff.
- [89.91667]15.38420
{FE = [87.14583115.65314(4812.77083315.543789 1 3.462775| 47/ 0.001150
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T-test for Dependent Samples (Ff %'~ 355 R [E])
Marked differences are significant at p <.05000

Mean | Std.Dv. |[N| Diff. | Std.Dv. t df D
Variable Diff.
[Hi— |76.47917] 8.850988
{HE~ 165.8333315.893860/148 | 10.6458316.282328 11.74031 | 47/0.000000

216 5% - L2224

T-test for Dependent Samples (Ff % = 555 [FE )
Marked differences are significant at p <.05000

Mean | Std.Dv. |[N| Diff. | Std.Dv. t df D
Variable Diff.
[Hi- [97.68750]8.034914
EELT 190.750001 4.961554[48 6.9375001 8.101500! 5.932779| 47/ 0.000000

F 178 %= % kPl et s 47 4

T-test for Dependent Samples (B % — 5 =5 [ [6)
Marked differences are significant at p <.05000

Mean | Std.Dv. |[N| Diff. | Std.Dv. t df D
Variable Diff.
{#3— [109.7083]7.890092
FELT 110693751 7.194579(148 | 2.77083315.543789 1 3.462775| 47/ 0.001150
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318 & %- 2P HFrait i

T-test for Dependent Samples (¥ ff ) HFJ:IF;J )
Marked differences are significant at p < .05000

Mean | Std.Dv. [N| Diff. Std.Dv. t df D
Variable Diff.
] 0.229167]0.424744

—
= 10.520833 0.504852[|148 | -0.2916670.459340 | -4.39920 47 0.000062

2198 % - 2P Frant i

T-test for Dependent Samples (¥ ff ESE0 EFJ'TF;J )
Marked differences are significant at p < .05000

Mean | Std.Dv. [N| Diff. Std.Dv. t df D
Variable Diff.
] 0.22916710.424744

—
3= 10.437500 0.501328|48 | -0.20833310.410414 -3.51688  47.0.000979

2208 % =2 P Frant i

T-test for Dependent Samples (;ér{ EER i)
Marked differences are significant at p <.05000

Mean | Std.Dv. [N| Diff. | Std.Dv. t df D
Variable Diff.
[Hih- ]0.291667/0.459340

TFdf - 10.291667 0.459340[148 0.000000 0.412568 0.000000 47 1.000000
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X 3 4 5 6 7 8 9 10 11 12
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22 EARPEE A e d
X 3 4 5 6 7 8 9 10 11 12
P(x) 1 0.033 1 0.033 | 0.05 | 0.05 ] 0.05 S5 10.117 1 0.067 | 0.05 | 0.05
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ez R ERFRE P A

2 3F EEFREREREE

FArt R AR ERAE

had | Ldnd (PR (L3208 | EaTo 89| 2251 M8 LRy | FHay

P R P R P P Y P % EPER) X3 K Hox
60 75 1 74 7.90 0 32 0

90 105 18 87 8.35 0 50 11 0 0.000
104 113 21 92 775 26 59 0

60 65 1 64 7.80 0 2 0

90 94 17 77 8.25 0 8 4 0 0.000
104 115 43 72 7.95 0 0 0

60 72 1 71 7.65 0 16 0

90 9% 10 86 8.45 8 25 12 0 0.000
104 106 18 88 7.85 26 23 0

60 93 1 92 7.80 0 117 0

90 108 7 101 8.25 9 167 13 0 0.000
104 124 4 120 7.95 39 76 0

60 77 1 76 8.1 0 37 0

90 100 4 9% 7.8 13 65 10 0 0.000
104 111 16 95 7.7 35 59 0

60 81 1 80 8.15 0 94 0

90 99 4 95 7.45 13 105 11 0 0.000
104 111 10 101 8.4 30 104 0

66 66 1 65 8.2 0 35 1

9% 90 4 86 8.1 14 101 7 1 1.000
104 102 40 62 745 3 33 1

60 73 1 72 7.95 0 54 0

80 104 12 92 7.8 7 114 10 0 0.000
104 116 14 102 8.25 30 170 0

60 66 1 65 7.25 0 38 0

90 92 16 76 8.8 0 27 8 0 0.000
104 105 34 71 7.65 8 37 0

64 79 1 78 8.35 0 60 0

80 104 3 101 7.9 11 52 16 0 0.333
9 92 11 81 7.6 27 58 1

80 80 1 79 7.95 0 31 14 1 0.333
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90 106 4 102 8.5 11 73
104 113 12 101 7.85 31 86
52 71 1 76 7.85 0 90

12 76 99 4 95 8.3 13 131 9 0.000
90 107 7 100 8.25 32 149
88 67 1 66 8 0 5

13 96 89 9 80 8.15 8 21 6 1.000
104 99 25 74 7.7 14 0
60 76 1 75 8.3 0 14

14 92 87 13 74 8.1 12 41 6 0.333
104 121 25 96 8.2 24 25
64 78 1 71 8.15 0 21

15 90 94 4 90 79 17 35 9 0.333
104 104 5 99 7.15 36 24
65 71 1 76 8.05 0 58

16 85 92 4 88 8.05 17 86 8 0.333
104 103 33 70 7.15 10 37
90 88 1 87 7.65 0 66

17 90 102 4 98 8.3 9 88 13 0.333
100 108 9 99 6.75 26 67
58 64 1 63 7.6 0 2

18 92 92 21 71 7.4 0 0 4 0.667
104 101 37 64 8.4 4 0
66 71 1 76 8.35 0 20

19 88 110 7 103 8.4 10 12 10 0.333
104 95 37 58 7.6 8 8
60 68 1 67 7.45 0 6

20 92 92 14 78 7.95 0 23 4 0.333
96 103 35 68 6.8 0 10
56 90 1 89 7.9 0 42

21 88 97 4 93 8.1 8 64 9 0.333
104 100 14 86 7.8 19 78
78 71 3 74 8.2 -2 72

22 90 95 1 94 8.3 16 127 10 0.333
100 111 5 106 7.65 28 64
64 78 1 71 8.5 0 63

23 8 0.000
88 100 4 96 8.15 13 132
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104 111 9 102 8 32 158
68 73 1 72 7.65 0 47

24 92 97 8 89 8.8 5 107 9 0.333
104 103 12 91 7.85 28 75
80 102 1 101 8.35 0 183

25 90 97 9 88 7.55 13 127 13 0.000
100 107 4 103 7.65 42 174
72 66 1 65 7.95 0 0

26 92 84 11 73 79 0 0 6 1.000
104 100 28 72 7.4 8 0
70 62 1 61 8.25 0 7

27 80 100 11 89 8.4 6 53 2 0.333
90 113 46 67 7.55 0 43
70 73 1 72 8.4 0 57

28 90 89 4 85 7.05 10 107 8 0.333
100 110 12 98 7.4 17 76
68 73 1 72 7.85 0 58

29 78 104 12 92 8.35 8 61 9 0.000
88 109 27 82 8 17 86
82 73 1 72 8.45 0 63

30 90 100 4 96 8.1 21 73 11 0.333
100 110 33 71 8.2 16 92
74 71 1 76 8.25 0 56

31 84 87 14 73 8.4 3 70 8 0.333
104 100 27 73 8.2 14 78
60 80 1 79 8.05 0 83

32 90 106 15 91 8.7 3 112 10 0.000
104 111 12 99 7.5 34 124
80 84 1 83 7.35 0 45

33 95 93 4 89 8.65 4 51 10 0.333
104 107 7 100 8 25 83
74 91 1 90 8 0 62

34 85 115 4 111 7.95 13 129 10 0.000
104 117 13 104 7.35 28 194
80 74 1 73 7.75 0 26

35 104 101 12 89 8.1 8 11 9 0.667
104 124 23 101 8.15 24 6




65 64 1 63 7.7 0 47

36 90 98 15 83 7.85 3 71 6 0.333
100 120 22 98 8.5 13 97
85 86 1 85 7.85 0 103

37 95 120 4 116 79 18 137 10 0.000
104 127 5 122 8.25 44 181
60 72 1 71 8.2 0 43

38 80 81 4 77 7.75 16 97 7 0.000
104 118 36 82 8.4 8 77
65 71 1 70 7.95 0 40

39 95 88 12 76 7.75 2 101 9 0.333
104 113 17 96 8.3 23 78
56 80 1 79 8.95 0 38

40 88 106 4 102 7.55 15 61 14 0.333
110 108 12 96 7.5 27 95
64 79 1 78 7.7 0 52

41 91 87 4 83 7.8 4 57 11 0.333
108 109 9 100 8.6 17 98
56 79 1 78 8.5 0 62

42 70 91 10 81 7.75 8 78 9 0.333
112 111 33 78 7.75 7 37
56 81 1 80 79 0 87

43 90 106 4 102 7.25 8 62 12 0.000
104 118 7 111 8.85 20 93
69 79 1 78 7.65 0 47

44 89 104 4 100 8.6 15 110 9 0.000
103 117 20 97 7.75 22 129
60 63 1 62 7.8 0 0

45 80 93 17 76 8 0 0 1 0.000
100 111 40 71 7.7 0 0
70 95 4 91 8.15 -3 72

46 90 103 9 94 8.05 8 116 12 0.000
104 106 1 105 7.4 42 95
68 84 1 83 8.2 0 34

47 88 92 12 80 8.05 7 95 11 0.333
104 101 4 97 7.1 38 104

48 70 66 1 65 7.3 0 6 4 0.333
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90 100 6 94 8 6 3 0
104 125 36 89 8.75 -1 13 0
T3 0.279 0.279




MHeke R R kel Bk [FiRdrd
% 24 %% AN N RS ALY 8
RS ESTES Y i
L% | Rz EX¥ S S EXE ETie | R 4 gy kg Y| ALY
o 5| BT B
NEE| PR EE P PR EE B PR EX:E = % e
60 70 1 69 7.90 0 23 0 1.072463768
1 90 89 18 71 8.35 0 10 5 0.333 1.225352113
104 110 21 89 7.75 26 7 0 1.033707865
60 58 1 57 7.80 0 0 1.122807018
2 90 95 17 78 8.25 0 1 2 0 0.333 0.987179487
104 117 43 74 7.95 0 0 0 0.972972973
60 64 1 63 7.65 0 8 0 1.126984127
3 90 93 10 83 8.45 8 7 5 0 0.000 1.036144578
104 106 18 88 7.85 26 0 0 1
60 76 1 75 7.80 0 35 1.226666667
4 90 102 7 95 8.25 9 33 6 0.000 1.063157895
104 126 4 122 7.95 39 18 0.983606557
60 68 1 67 8.1 0 19 1.134328358
5 90 82 4 78 7.8 13 25 5 0.333 1.230769231
104 105 16 89 7.7 35 8 1.06741573
60 67 1 66 8.15 0 27 1.212121212
6 90 92 4 88 7.45 13 27 6 0.000 1.079545455
104 113 10 103 8.4 30 21 0.980582524
66 62 1 61 8.2 0 14 1.06557377
7 96 91 4 87 8.1 14 29 5 1.000 0.988505747
104 103 40 63 7.45 3 0 0.984126984
60 67 1 66 7.95 0 31 1.090909091
8 80 81 12 69 7.8 7 24 4 0.000 1.333333333
104 112 14 98 8.25 30 31 1.040816327
60 59 1 58 7.25 0 16 1.120689655
9 90 91 16 75 8.8 0 3 1 0.667 1.013333333
104 102 34 68 7.65 8 0 1.044117647
64 68 1 67 8.35 0 29 1.164179104
10 80 93 3 90 7.9 11 24 8 0.000 1.122222222
96 104 11 93 7.6 27 6 0.870967742
11 80 65 1 64 7.95 0 14 4 0.333 1.234375
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90 97 4 93 8.5 11 10 1.096774194
104 106 12 94 7.85 31 18 1.074468085
52 77 1 76 7.85 0 54 1
12 76 98 4 94 8.3 13 51 0.000 1.010638298
90 106 7 99 8.25 32 21 1.01010101
88 62 1 61 8 0 0 1.081967213
13 96 88 9 79 8.15 8 0 1.000 1.012658228
104 95 25 70 7.7 14 0 1.057142857
60 63 1 62 8.3 0 4 1.209677419
14 92 89 13 76 8.1 12 12 0.667 0.973684211
104 101 25 76 8.2 24 4 1.263157895
64 72 1 71 8.15 0 7 1.084507042
15 90 98 4 94 7.9 17 13 0.333 0.957446809
104 104 5 101 7.15 36 11 0.98019802
65 64 1 63 8.05 0 34 1.206349206
16 85 87 4 83 8.05 17 33 0.667 1.060240964
104 95 33 62 7.15 10 0 1.129032258
90 68 1 67 7.65 0 23 1.298507463
17 90 96 4 92 83 9 12 0.333 1.065217391
100 102 9 93 6.75 26 14 1.064516129
58 57 1 56 7.6 0 0 1.125
18 92 87 21 66 7.4 0 0 1.000 1.075757576
104 101 37 64 8.4 4 0 1
66 59 1 58 8.35 0 11 1.310344828
19 88 86 7 79 8.4 10 8 1.000 1.303797468
104 101 37 64 7.6 8 0 0.90625
60 64 1 63 7.45 0 12 1.063492063
20 92 85 14 71 7.95 0 9 0.333 1.098591549
96 101 35 66 6.8 0 0 1.03030303
56 64 1 63 7.9 0 13 1.412698413
21 88 88 4 84 8.1 8 5 0.667 1.107142857
104 97 14 83 7.8 19 21 1.036144578
78 64 3 61 8.2 -2 20 1.213114754
22 90 88 1 87 8.3 16 48 0.667 1.08045977
100 103 5 98 7.65 28 5 1.081632653
64 65 1 64 8.5 0 22 1.203125
23 0.333
88 90 4 86 8.15 13 46 1.11627907
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104 101 9 92 8 32 33 1.108695652
68 62 1 61 7.65 0 27 1.180327869
24 92 89 8 81 8.8 5 42 1.000 1.098765432
104 101 12 89 7.85 28 12 1.02247191
80 72 1 71 8.35 0 62 1.422535211
25 90 94 9 85 7.55 13 30 0.333 1.035294118
100 101 4 97 7.65 42 34 1.06185567
72 56 1 55 7.95 0 0 1.181818182
26 92 86 11 75 7.9 0 0 1.000 0.973333333
104 101 28 73 7.4 8 0 0.98630137
70 57 1 56 8.25 0 0 1.089285714
27 80 87 11 76 8.4 6 1 0.333 1.171052632
90 103 46 57 7.55 0 0 1.175438596
70 61 1 60 8.4 0 22 1.2
28 90 89 4 85 7.05 10 22 0.667 1
100 102 12 90 7.4 17 9 1.088888889
68 62 1 61 7.85 0 34 1.180327869
29 78 85 12 73 8.35 8 16 0.333 1.260273973
88 106 27 79 8 17 5 1.037974684
82 68 1 67 8.45 0 41 1.074626866
30 90 90 4 86 8.1 21 34 0.667 1.11627907
100 104 33 71 8.2 16 0 1.084507042
74 60 1 59 8.25 0 34 1.288135593
31 84 87 14 73 8.4 3 21 0.667 1
104 98 27 71 8.2 14 1 1.028169014
60 67 1 66 8.05 0 34 1.196969697
32 90 92 15 71 8.7 3 33 0.333 1.181818182
104 102 12 90 7.5 34 17 1.1
80 68 1 67 7.35 0 13 1.23880597
33 95 93 4 89 8.65 4 24 0.667 1
104 111 7 104 8 25 13 0.961538462
74 68 1 67 8 0 27 1.343283582
34 85 88 4 84 7.95 13 27 0.333 1.321428571
104 106 13 93 7.35 28 27 1.11827957
80 65 1 64 7.75 0 19 1.140625
35 104 96 12 84 8.1 8 4 0.667 1.05952381
104 120 23 97 8.15 24 0 1.041237113
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65 58 1 57 7.7 0 33 1.105263158
36 90 89 15 74 7.85 3 14 0 0.667 1.121621622
100 112 22 90 8.5 13 3 1.088888889
85 72 1 71 7.85 0 48 1.197183099
37 95 92 4 88 7.9 18 62 6 0.667 1.318181818
104 122 5 117 8.25 44 54 1.042735043
60 65 1 64 8.2 0 17 1.109375
38 80 81 4 71 7.75 16 39 4 0.000 1
104 117 36 81 8.4 8 0 1.012345679
65 67 1 66 7.95 0 22 1.060606061
39 95 85 12 73 7.75 2 30 4 0.333 1.04109589
104 109 17 92 8.3 23 8 1.043478261
56 74 1 73 8.95 0 20 1.082191781
40 88 98 4 94 7.55 15 13 10 0.333 1.085106383
110 107 12 95 7.5 27 23 1.010526316
64 76 1 75 7.7 0 20 1.04
41 91 89 4 85 7.8 4 16 6 0.333 0.976470588
108 109 9 100 8.6 17 15 1
56 66 1 65 8.5 0 29 1.2
42 70 92 10 82 7.75 8 26 3 0.000 0.987804878
112 113 33 80 7.75 7 0 0.975
56 66 1 65 7.9 0 31 1.230769231
43 90 99 4 95 7.25 8 23 7 0.000 1.073684211
104 122 7 115 8.85 20 17 0.965217391
69 67 1 66 7.65 0 18 1.181818182
44 89 90 4 86 8.6 15 28 6 0.333 1.162790698
103 113 20 93 7.75 22 15 1.043010753
60 63 1 62 7.8 0 0 1
45 80 94 17 77 8 0 0 0 0.000 0.987012987
100 105 40 65 7.7 0 0 1.092307692
70 86 4 82 8.15 -3 24 1.109756098
46 90 100 9 91 8.05 8 39 7 0.000 1.032967033
104 112 1 111 7.4 42 7 0.945945946
68 70 1 69 8.2 0 15 1.202898551
47 88 97 12 85 8.05 7 23 7 0.000 0.941176471
104 107 4 103 7.1 38 6 0.941747573
48 70 61 1 60 7.3 0 3 2 0.667 1.083333333
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90 88 6 82 8 6 1 1.146341463
104 117 36 81 8.75 -1 0 1.098765432
0.465 0.465 1.223
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