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0HDQ  ������� 6WDQGDUG 'HYLDWLRQ  ������� 0HGLDQ  ������
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/RZHU 8SSHU 5HODWLYH &XPXODWLYH &XP� 5HO�

&ODVV /LPLW /LPLW 0LGSRLQW )UHTXHQF\ )UHTXHQF\ )UHTXHQF\ )UHTXHQF\
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DERYH ������ � ����� �� ������
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0HDQ  ������� 6WDQGDUG 'HYLDWLRQ  ������� 0HGLDQ  ����
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)UHTXHQF\ 7DEXODWLRQ IRU 3UREOHP �����<LHOG
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/RZHU 8SSHU 5HODWLYH &XPXODWLYH &XP� 5HO�

&ODVV /LPLW /LPLW 0LGSRLQW )UHTXHQF\ )UHTXHQF\ )UHTXHQF\ )UHTXHQF\

��������������������������������������������������������������������������������

DW RU EHORZ ������ � ����� � �����
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0HDQ  ������� 6WDQGDUG 'HYLDWLRQ  ������� 0HGLDQ  �����
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)UHTXHQF\ 7DEXODWLRQ IRU 3UREOHP �����2FWDQH

��������������������������������������������������������������������������������

/RZHU 8SSHU 5HODWLYH &XPXODWLYH &XP� 5HO�

&ODVV /LPLW /LPLW 0LGSRLQW )UHTXHQF\ )UHTXHQF\ )UHTXHQF\ )UHTXHQF\

��������������������������������������������������������������������������������

DW RU EHORZ ������ � ����� � �����
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0HDQ  ������� 6WDQGDUG 'HYLDWLRQ  ������ 0HGLDQ  ����
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����7KH�RYHUDOO�VKDSHV�DSSHDU�WR�EH�WKH�VDPH�
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DVVHPEO\

OXEULFDWLRQ

GHQWV
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3DUHWR &KDUW IRU
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SHUFHQW RI WRWDO
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5RXJKO\�����RI�GHIHFWV�DUH�GHVFULEHG�E\�SDUWV�RXW�RI�FRQWRXU�DQG�SDUWV�XQGHU�WULPPHG�

6HFWLRQ����

�����

'HVFULSWLYH�6WDWLVWLFV
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean
Temperat       36    65.86    67.50    66.66    12.16     2.03
Variable      Min      Max       Q1       Q3
Temperat    31.00    84.00    58.50    75.00
D��8SSHU�4XDUWLOH����

����/RZHU�4XDUWLOH������

E��0HGLDQ������

F�'HVFULSWLYH�6WDWLVWLFV
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean
Temperat       35    66.86    68.00    67.35    10.74     1.82
Variable      Min      Max       Q1       Q3
Temperat    40.00    84.00    60.00    75.00

����8SSHU�4XDUWLOH����

����/RZHU�4XDUWLOH����

����0HGLDQ����

7KH�ORZHU�TXDUWLOH�KDV�LQFUHDVHG�ZKLOH�WKH�XSSHU�TXDUWLOH�KDV�UHPDLQHG�XQFKDQJHG���7KH�PHGLDQ�KDV�

LQFUHDVHG�VOLJKWO\�GXH�WR�WKH�UHPRYDO�RI�WKH�GDWD�SRLQW���7KH�VPDOOHVW�YDOXH�DSSHDUV�TXLWH�GLIIHUHQW�WKDQ�WKH�

RWKHU�WHPSHUDWXUH�YDOXHV�

G��8VLQJ�WKH�HQWLUH�GDWD�VHW��WKH�ER[�SORW�LV
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����7KH�YDOXH�RI����DSSHDUV�WR�EH�RQH�SRVVLEOH�RXWOLHU�
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'HVFULSWLYH�6WDWLVWLFV
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean
PMC            20    4.000    4.100    4.044    0.931    0.208
Variable      Min      Max       Q1       Q3
PMC         2.000    5.200    3.150    4.800

D��6DPSOH�0HDQ���

E��6DPSOH�9DULDQFH�������

����6DPSOH�6WDQGDUG�'HYLDWLRQ�������
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'HVFULSWLYH�6WDWLVWLFV
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean
Time            8    2.415    2.440    2.415    0.534    0.189
Variable      Min      Max       Q1       Q3
Time        1.750    3.150    1.912    2.972
D��6DPSOH�0HDQ�����������6DPSOH�6WDQGDUG�'HYLDWLRQ�������
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'HVFULSWLYH�6WDWLVWLFV
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean
Temperat        9   952.44   953.00   952.44     3.09     1.03
Variable      Min      Max       Q1       Q3
Temperat   948.00   957.00   949.50   955.00
D��6DPSOH�0HDQ��������

����6DPSOH�9DULDQFH������

����6DPSOH�6WDQGDUG�'HYLDWLRQ������

E��0HGLDQ���������$Q\�LQFUHDVH�LQ�WKH�ODUJHVW�WHPSHUDWXUH�PHDVXUHPHQW�ZLOO�QRW�DIIHFW�WKH�PHGLDQ�
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'HVFULSWLYH�6WDWLVWLFV
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean
Coeffici        9    83.11    82.00    83.11     7.11     2.37
Variable      Min      Max       Q1       Q3
Coeffici    74.00   100.00    79.50    84.50
D��8SSHU�4XDUWLOH������

����/RZHU�4XDUWLOH������
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'HVFULSWLYH�6WDWLVWLFV
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean
Coeffici        8    81.00    81.50    81.00     3.46     1.22
Variable      Min      Max       Q1       Q3
Coeffici    74.00    85.00    79.25    83.75

����8SSHU�4XDUWLOH�������

����/RZHU�4XDUWLOH�������

����%\�HOLPLQDWLQJ�WKH�ODUJHVW�REVHUYDWLRQ��WKH�PHDQ�KDV�EHHQ�GHFUHDVHG�VRPHZKDW��EXW�WKH�YDULDQFH�DQG

����VWDQGDUG�GHYLDWLRQ�KDYH�VXEVWDQWLDOO\�GHFUHDVHG�
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'HVFULSWLYH�6WDWLVWLFV
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean
temperat       24   48.125   49.000   48.182    2.692    0.549
Variable      Min      Max       Q1       Q3
temperat   43.000   52.000   46.000   50.000

D��6DPSOH�0HDQ��������

����6DPSOH�0HGLDQ����

E��6DPSOH�9DULDQFH�������

����6DPSOH�6WDQGDUG�'HYLDWLRQ�������
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����7KH�GDWD�DSSHDU�WR�EH�VNHZHG�

G���WK�3HUFHQWLOH����������WK�3HUFHQWLOH����
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7LPH�6HTXHQFH�3ORW

&RPSXWHU�UHVSRQVH�WLPH�DSSHDUV�UDQGRP���1R�WUHQGV�RU�SDWWHUQV�DUH�REYLRXV�
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9LVFRVLW\

7LPH�6HTXHQFH�3ORW

6WHP�DQG�OHDI�GLVSOD\�IRU�3UREOHP������9LVFRVLW\��XQLW� ������_���UHSUHVHQWV����
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E��7KH�SORWV�LQGLFDWHV�WKDW�WKH�SURFHVV�LV�QRW�VWDEOH�DQG�QRW�FDSDEOH�RI�PHHWLQJ�WKH�VSHFLILFDWLRQV�
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7LPH�6HTXHQFH�3ORW
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����,Q�WKH�WLPH�VHULHV�SORW�WKHUH�DSSHDUV�WR�EH�D�GRZQZDUG�WUHQG�EHJLQQLQJ�DIWHU�WLPH����
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%L�+RXUO\ 5HDGLQJV
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&KHPLFDO

3URFHVV

&RQFHQ�

7LPH�6HTXHQFH�3ORW
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7LPH�6HTXHQFH�3ORW
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����7KH�GDWD�DSSHDUV�WR�GHFUHDVH�EHWZHHQ������DQG�������WKH�VWHP�DQG�OHDI�SORW�LQGLFDWHV�VNHZHG�GDWD�
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����7KHUH�LV�DQ�LQFUHDVLQJ�WUHQG�LQ�WKH�GDWD�

6XSSOHPHQWDO�([HUFLVHV

����� D��6DPSOH�0HDQ� �������

����7KH�VDPSOH�PHDQ�YDOXH�LV�FORVH�HQRXJK�WR�WKH�WDUJHW�YDOXH�WR�DFFHSW�WKH�VROXWLRQ�DV�FRQIRUPLQJ���7KHUH�LV�D�

VOLJKW�GLIIHUHQFH�GXH�WR�LQKHUHQW�YDULDELOLW\�

E��V�� ��������� V� ��������

����$�PDMRU�VRXUFH�RI�YDULDELOLW\�ZRXOG�LQFOXGH�PHDVXUHPHQW�WR�PHDVXUHPHQW�HUURU�
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����6KLIWLQJ�WKH�GDWD�IURP�WKH�VDPSOH�E\�D�FRQVWDQW�DPRXQW�KDV�QR�HIIHFW�RQ�WKH�VDPSOH�YDULDQFH�RU�VWDQGDUG�

����GHYLDWLRQ�

G��<HV��WKH�UHVFDOLQJ�LV�E\�D�IDFWRU�RI������7KHUHIRUH��V��DQG�V�ZRXOG�EH�UHVFDOHG�E\�PXOWLSO\LQJ�V��E\������

�����UHVXOWLQJ�LQ�����:���DQG�V�E\���������:��

����� D��6DPSOH�5DQJH� ����

����V
�
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E��6DPSOH�5DQJH� ����

����V
�
� �������
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����7KHVH�DUH�WKH�VDPH�DV�LQ�SDUW�D����$Q\�FRQVWDQW�ZRXOG�SURGXFH�WKH�VDPH�UHVXOWV�

������ D��6DPSOH���5DQJH� ��

����6DPSOH���5DQJH� ��

����<HV��WKH�WZR�DSSHDU�WR�H[KLELW�WKH�VDPH�YDULDELOLW\

E��6DPSOH���V� ������

����6DPSOH���V� ������

����1R��VDPSOH���KDV�D�ODUJHU�VWDQGDUG�GHYLDWLRQ�

F��7KH�VDPSOH�UDQJH�LV�D�FUXGH�HVWLPDWH�RI�WKH�VDPSOH�YDULDELOLW\�DV�FRPSDUHG�WR�WKH�VDPSOH�VWDQGDUG�

����GHYLDWLRQ��VLQFH�WKH�VWDQGDUG�GHYLDWLRQ�XVHV�WKH�LQIRUPDWLRQ�IURP�HYHU\�GDWD�SRLQW�LQ�WKH�VDPSOH�ZKHUHDV�

����WKH�UDQJH�XVHV�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�RQO\�WZR�GDWD�SRLQWV���WKH�PLQLPXP�DQG�PD[LPXP�
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9LVFRVLW\

7LPH 6HTXHQFH 3ORW

����7KH�GDWD�DSSHDUV�WR�YDU\�EHWZHHQ������DQG�����ZLWK�QR�REYLRXV�SDWWHUQ�

E��7KH�SORW�LQGLFDWHV�WKDW�WKH�WZR�SURFHVVHV�JHQHUDWH�VLPLODU�UHVXOWV���7KLV�LV�HYLGHQW�VLQFH�WKH�GDWD�DSSHDU

� �����WR�EH�FHQWHUHG�DURXQG�WKH�VDPH�PHDQ�

F���VW����REVHUYDWLRQV���6DPSOH�0HDQ� �������

������6DPSOH�9DULDQFH� ��������

�����QG����REVHUYDWLRQV���6DPSOH�0HDQ� ��������

�������6DPSOH�9DULDQFH� �������

����7KH�TXDQWLWLHV�LQGLFDWH�WKH�SURFHVVHV�GR�\LHOG�WKH�VDPH�PHDQ�OHYHO���7KH�YDULDELOLW\�DOVR�DSSHDUV�WR�EH�
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5HJUHVVLRQ $QDO\VLV � /LQHDU PRGHO� <  D�E;

'HSHQGHQW YDULDEOH� *DPHV ,QGHSHQGHQW YDULDEOH� <DUGV
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6WDQGDUG 7 3URE�

3DUDPHWHU (VWLPDWH (UURU 9DOXH /HYHO

,QWHUFHSW ������� ������� ����� ������

6ORSH �������(�� �������(�� �������� ������

��������������������������������������������������������������������������������

$QDO\VLV RI 9DULDQFH

6RXUFH 6XP RI 6TXDUHV 'I 0HDQ 6TXDUH )�5DWLR 3URE� /HYHO

0RGHO ��������� � ��������� ������� ������

5HVLGXDO ��������� �� �������
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7RWDO �&RUU�� ��������� ��

&RUUHODWLRQ &RHIILFLHQW  ��������� 5�VTXDUHG  ����� SHUFHQW
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5HJUHVVLRQ $QDO\VLV � /LQHDU PRGHO� <  D�E;

'HSHQGHQW YDULDEOH� 6DOH3ULFH ,QGHSHQGHQW YDULDEOH� 7D[HV
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6WDQGDUG 7 3URE�

3DUDPHWHU (VWLPDWH (UURU 9DOXH /HYHO

,QWHUFHSW ������� ������� ������� ������

6ORSH ������� �������� ����� ������
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$QDO\VLV RI 9DULDQFH

6RXUFH 6XP RI 6TXDUHV 'I 0HDQ 6TXDUH )�5DWLR 3URE� /HYHO

0RGHO ��������� � ��������� ������� ������

5HVLGXDO ��������� �� �������
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7RWDO �&RUU�� ��������� ��

&RUUHODWLRQ &RHIILFLHQW  �������� 5�VTXDUHG  ����� SHUFHQW

6WQG� (UURU RI (VW�  �������

����,I�WKH�FDOFXODWLRQV�ZHUH�WR�EH�GRQH�E\�KDQG�XVH�(TXDWLRQV��������DQG��������
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5HJUHVVLRQ $QDO\VLV � /LQHDU PRGHO� <  D�E;

'HSHQGHQW YDULDEOH� 8VDJH ,QGHSHQGHQW YDULDEOH� 7HPSHUDWXUH

��������������������������������������������������������������������������������

6WDQGDUG 7 3URE�

3DUDPHWHU (VWLPDWH (UURU 9DOXH /HYHO

,QWHUFHSW ������� ������� �������� ������

6ORSH ������� ��������� ������� ������

��������������������������������������������������������������������������������

$QDO\VLV RI 9DULDQFH

6RXUFH 6XP RI 6TXDUHV 'I 0HDQ 6TXDUH )�5DWLR 3URE� /HYHO

0RGHO ��������� � ��������� ������� ������

5HVLGXDO ��������� �� ��������

��������������������������������������������������������������������������������

7RWDO �&RUU�� ��������� ��

&RUUHODWLRQ &RHIILFLHQW  �������� 5�VTXDUHG  ����� SHUFHQW

6WQG� (UURU RI (VW�  �������

����,I�WKH�FDOFXODWLRQV�ZHUH�WR�EH�GRQH�E\�KDQG�XVH�(TXDWLRQV��������DQG��������
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E� � � � � � �\  � �  � ���� � ����� �� ������

F��,I�PRQWKO\�WHPSHUDWXUH�LQFUHDVHV�E\� �
$)� �\ �LQFUHDVHV�E\���������

G� � � � � � �\  � �  � ���� � ����� �� ��� ���

��� � �\  ��� ���

��� H \ \ �  �  �� � � ���� �� ��� ��� ����

������ Predictor       Coef       StDev          T        P
Constant      33.535       2.614      12.83    0.000
x           -0.03540     0.01663      -2.13    0.047
S = 3.660       R-Sq = 20.1%     R-Sq(adj) = 15.7%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    1       60.69       60.69      4.53    0.047
Error        18      241.06       13.39
Total        19      301.75
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Predictor       Coef       StDev          T        P
Constant     -16.509       9.843      -1.68    0.122
x            0.06936     0.01045       6.64    0.000
S = 2.706       R-Sq = 80.0%     R-Sq(adj) = 78.2%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    1      322.50      322.50     44.03    0.000
Error        11       80.57        7.32
Total        12      403.08
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<HV��D�OLQHDU�UHJUHVVLRQ�ZRXOG�VHHP�DSSURSULDWH��EXW�RQH�RU�WZR�SRLQWV�DSSHDU�WR�EH�RXWOLHUV�
Predictor       Coef       StDev          T        P
Constant      -9.813       2.135      -4.60    0.000
x            0.17148     0.02566       6.68    0.000
S = 1.408       R-Sq = 71.3%     R-Sq(adj) = 69.7%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    1      88.520      88.520     44.66    0.000
Error        18      35.680       1.982
Total        19     124.200
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Predictor       Coef       StDev          T        P
Constant      234.07       13.75      17.03    0.000
x            -3.5086      0.4911      -7.14    0.000
S = 19.96       R-Sq = 87.9%     R-Sq(adj) = 86.2%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    1       20329       20329     51.04    0.000
Error         7        2788         398
Total         8       23117
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����<HV
Predictor       Coef       StDev          T        P
Constant       0.470       1.936       0.24    0.811
x             20.567       2.142       9.60    0.000
S = 3.716       R-Sq = 85.2%     R-Sq(adj) = 84.3%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    1      1273.5      1273.5     92.22    0.000
Error        16       220.9        13.8
Total        17      1494.5
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Predictor       Coef       StDev          T        P
Constant     2625.39       45.35      57.90    0.000
x            -36.962       2.967     -12.46    0.000
S = 99.05       R-Sq = 89.6%     R-Sq(adj) = 89.0%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    1     1522819     1522819    155.21    0.000
Error        18      176602        9811
Total        19     1699421
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G��,I�WKHUH�ZHUH�QR�HUURU��WKH�YDOXHV�ZRXOG�DOO�OLH�DORQJ�WKH���
$
D[LV���7KH�SORW�LQGLFDWHV�DJH�ZDV�UHDVRQDEOH

����UHJUHVVRU�YDULDEOH�
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� �\ [ ���� �� �
� �\ [ ���� �� � �

&KDQJH�SHU

XQLW�RI�[�

���� ��� ����

<HV��UHVXOW�GRHV�GHSHQG�RQ�WKH�YDOXH�RI�[���EHFDXVH�[��LQWHUDFWV�ZLWK�[��

�����
Predictor       Coef       StDev          T        P
Constant      -7.634       7.848      -0.97    0.340
x2         0.0039765   0.0007136       5.57    0.000
X7           0.24777     0.08896       2.79    0.010
X8         -0.003893    0.001296      -3.00    0.006
S = 1.797       R-Sq = 76.3%     R-Sq(adj) = 73.3%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    3     249.454      83.151     25.75    0.000
Error        24      77.511       3.230
Total        27     326.964

D�� � � � � �\ [ [ [ � � � �� ���� � ���� � ���� � ����� � �

E�� � � � � � � � � � � �\  � � � �� ���� � ���� ���� � ���� �� � ���� ����

� �\  |� �� � �JDPHV�



���

����� ���Predictor       Coef       StDev          T        P
Constant      33.449       1.576      21.22    0.000
xl         -0.054349    0.006329      -8.59    0.000
x6            1.0782      0.6997       1.54    0.138
S = 2.834       R-Sq = 82.9%     R-Sq(adj) = 81.3%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    2      856.24      428.12     53.32    0.000
Error        22      176.66        8.03
Total        24     1032.90

D�� � � � �\ [ [ � ��� ���� � ����� ������� �
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� REVHUYDWLRQV ILWWHG� IRUHFDVW�V� FRPSXWHG IRU � PLVVLQJ YDO� RI GHS� YDU�

�������� � � � � �c  � � �\ [ [ [ [������� � ���� � ���� � ����� � � �

G����� � � � � � � � � � � �� �c  � � �\ ������� � ���� �� � ���� ���� � ���� �� ����

������� � �c  \ ����� 7KH�SUHGLFWHG�YDOXH�LV�ODUJHU

����� The regression equation is
y = 7.46 - 0.030 x2 + 0.521 x3 - 0.102 x4 - 2.16 x5
Predictor       Coef       StDev          T        P
Constant       7.458       7.226       1.03    0.320
x2           -0.0297      0.2633      -0.11    0.912
x3            0.5205      0.1359       3.83    0.002
x4          -0.10180     0.05339      -1.91    0.077
x5            -2.161       2.395      -0.90    0.382
S = 0.8827      R-Sq = 67.2%     R-Sq(adj) = 57.8%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    4     22.3119      5.5780      7.16    0.002
Error        14     10.9091      0.7792
Total        18     33.2211

D�� � � � � � �\ [ [ [ [ � � � �� ���� � ���� � ���� ����� ������ � � �
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������
Predictor       Coef       StDev          T        P
Constant    -0.07837     0.07360      -1.06    0.297
TEMP      0.00004392  0.00003627       1.21    0.237
SOAKTIME   0.0024544   0.0002082      11.79    0.000
SOAKPCT      0.01835     0.02014       0.91    0.371
DFTIME      0.007786    0.001349       5.77    0.000
DIFFPCT    -0.003134    0.008053      -0.39    0.700
S = 0.002272    R-Sq = 96.9%     R-Sq(adj) = 96.3%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    5  0.00419226  0.00083845    162.43    0.000
Error        26  0.00013421  0.00000516
Total        31  0.00432647

D�� � � � � � � �\ [ [ [ [ [ � � � � � �� ���� � ����� � ���� � ���� � ���� � ����� � � � �

����ZKHUH� [ 7(03 [ 62$.7,0( [ 62$.3&7 [ ')7,0( [ ',))3&7� � � � �     

E�� � � � � � � � �\  � � � �� ���� � ����� ���� � ���� � � ���� ��� � ���� � � ���� � �� � � � � � � � � � �� �

���� � �\  � �����

������ Predictor       Coef       StDev          T        P
Constant       -8.01       16.18      -0.50    0.630
Pts          0.49400     0.04806      10.28    0.000
GF          0.001847    0.006424       0.29    0.779
GA           0.00231     0.02091       0.11    0.914
PPG          0.03830     0.05146       0.74    0.472
PPcT         -0.2068      0.2611      -0.79    0.445
SHG         -0.01284     0.02562      -0.50    0.626
PPGA         0.03074     0.03802       0.81    0.436
PKPcT         0.0407      0.1483       0.27    0.789
SHGA         -0.2083      0.1110      -1.88    0.087
S = 1.523       R-Sq = 98.8%     R-Sq(adj) = 97.8%
Analysis of Variance
Source       DF          SS          MS         F        P
Regression    9     2125.43      236.16    101.79    0.000
Error        11       25.52        2.32
Total        20     2150.95
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Source      DF         SS         MS       F      P
COTTON       4     475.76     118.94   14.76  0.000
Error       20     161.20       8.06
Total       24     636.96
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Source      DF         SS         MS       F      P
FLOW         2     3.6478     1.8239    3.59  0.053
Error       15     7.6300     0.5087
Total       17    11.2778
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����� D�
Source      DF         SS         MS       F      P
TECHNIQU     3     489740     163247   12.73  0.000
Error       12     153908      12826
Total       15     643648
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Source     DF        SS        MS        F        P
TEMPERAT    3    0.1391    0.0464     2.62    0.083
Error      18    0.3191    0.0177
Total      21    0.4582
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Source     DF        SS        MS        F        P
COATINGT    4    1060.5     265.1    16.35    0.000
Error      15     243.3      16.2
Total      19    1303.7
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����� D�
Source     DF        SS        MS        F        P
CIRCUITT    2     260.9     130.5     4.01    0.046
Error      12     390.8      32.6
Total      14     651.7
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Source     DF        SS        MS        F        P
RODDING     3     28633      9544     1.87    0.214
Error       8     40933      5117
Total      11     69567
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Source     DF        SS        MS        F        P
ORIFICE     5   1133.37    226.67    30.85    0.000
Error      18    132.25      7.35
Total      23   1265.63
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Source     DF        SS        MS        F        P
AIRVOIDS    2    1230.2     615.1     8.30    0.002
Error      21    1555.8      74.1
Total      23    2786.0
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Source     DF        SS        MS        F        P
PREPMETH    3    22.124     7.375    14.85    0.000
Error      16     7.948     0.497
Total      19    30.072
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������ Fisher's pairwise comparisons
Family error rate = 0.264
Individual error rate = 0.0500
Critical value = 2.086
Intervals for (column level mean) - (row level mean)
                  15          20          25          30
      20      -9.346
              -1.854
      25     -11.546      -5.946
              -4.054       1.546
      30     -15.546      -9.946      -7.746
              -8.054      -2.454      -0.254
      35      -4.746       0.854       3.054       7.054
               2.746       8.346      10.546      14.546
6LJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�OHYHOV����DQG��������DQG��������DQG��������DQG��������DQG��������DQG��������

DQG�����DQG����DQG����

������ Fisher's pairwise comparisons
Family error rate = 0.117
Individual error rate = 0.0500
Critical value = 2.131
Intervals for (column level mean) - (row level mean)
                 125         160
     160     -1.9775
             -0.2225
     200     -1.4942     -0.3942
              0.2608      1.3608
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������

� � � � �

� �

� �� � �� � ��

���

� � �� ��
���

����

� ��� � ��

� ��� � ��� ���

� � ��� � ��� ���

��� ��� ���

��� ��� ���

��� ��� ���

�

�

�

� �� ���

� � �

�

� � �

� � �

� � � �
�

�

� �

� �� � � � � � 5H

� �� � � � � 5H

�

�

� � �

P P P

P P P

� �

� �

   

 
�

� �
 

 

  

 

 

[ [ [

66

66

06 I

FRQWUDVW MHFW

FRQWUDVW 'RQRW MHFW

FRQWUDVW�
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(

������ Fisher's pairwise comparisons
Family error rate = 0.184
Individual error rate = 0.0500
Critical value = 2.179
Intervals for (column level mean) - (row level mean)
                   1           2           3
       2        -360
                 -11
       3        -137          48
                 212         397
       4         130         316          93
                 479         664         442
6LJQLILFDQFH�GLIIHUHQFHV�EHWZHHQ�OHYHOV���DQG������DQG������DQG����DQG���DQG���
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������ Fisher's pairwise comparisons
    Family error rate = 0.0649
Individual error rate = 0.0100
Critical value = 2.947
Intervals for (column level mean) - (row level mean)
                   1           2           3           4
       2      -8.642
               8.142
       3       5.108       5.358
              21.892      22.142
       4       7.358       7.608      -6.142
              24.142      24.392      10.642
       5      -8.642      -8.392     -22.142     -24.392
               8.142       8.392      -5.358      -7.608

6LJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�OHYHOV���DQG������DQG������DQG������DQG������DQG����DQG���DQG���

������ Fisher's pairwise comparisons
Family error rate = 0.0251
Individual error rate = 0.0100
Critical value = 3.055
Intervals for (column level mean) - (row level mean)
                   1           2
       2     -18.426
               3.626
       3      -8.626      -1.226
              13.426      20.826
1R�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�WKH�OHYHOV�

������

FRQWUDVW P� P� P� P� P� 66 I� 'HFLVLRQ

� ����� ����� ����� ����� � ��� ����� 5HMHFW

� ���� ���� ��� ��� � ������ ����� 5HMHFW

� �� � � � � ����� ����� 'R�QRW�5HMHFW

� � � �� � � ������ ����� 'R�QRW�5HMHFW

DYHUDJH ��� ������ ����� ������ ������ 06( �����

������

FRQWUDVW P� P� P� 66 I� 'HFLVLRQ

� � � �� ����� ���� 'R�QRW�UHMHFW

� � ���� ���� ����� ���� 'R�QRW�UHMHFW

DYHUDJH ���� ���� ���� 06( �����

������ Fisher's pairwise comparisons
    Family error rate = 0.330
Individual error rate = 0.0500
Critical value = 2.101
Intervals for (column level mean) - (row level mean)
                0.37        0.51        0.71        1.02        1.40
    0.51       1.723
               9.777
    0.71       3.723      -2.027
              11.777       6.027
    1.02       6.973       1.223      -0.777
              15.027       9.277       7.277
    1.40      13.723       7.973       5.973       2.723
              21.777      16.027      14.027      10.777
    1.99      15.973      10.223       8.223       4.973      -1.777
              24.027      18.277      16.277      13.027       6.277
6LJQLILFDQW�GLIIHUHQFHV��EHWZHHQ�DOO�OHYHOV�H[FHSW������DQG�������DQG������DQG������
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������ Fisher's pairwise comparisons
    Family error rate = 0.118
Individual error rate = 0.0500
Critical value = 2.080
Intervals for (column level mean) - (row level mean)
                   1           2
       2       1.799
              19.701
       3       8.424      -2.326
              26.326      15.576
6LJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�OHYHOV���DQG����DQG���DQG���

������ Fisher's pairwise comparisons
    Family error rate = 0.189
Individual error rate = 0.0500
Critical value = 2.120
Intervals for (column level mean) - (row level mean)
                   1           2           3
       2     -0.9450
              0.9450
       3      1.5550      1.5550
              3.4450      3.4450
       4      0.4750      0.4750     -2.0250
              2.3650      2.3650     -0.1350
6LJQLILFDQFH�GLIIHUHQFHV�DPRQJ�DOO�OHYHOV�H[FHSW�OHYHOV���DQG���
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� � � � �� ����� ���� 5HMHFW

DYHUDJH ���� ���� ���� ����� 06( ������

6HFWLRQ�����

������ D�
Source     DF        SS        MS        F        P
LOOM        4    0.3416    0.0854     5.77    0.003
Error      20    0.2960    0.0148
Total      24    0.6376

5HMHFW�+���WKHUH�DUH�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�WKH�ORRPV�
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Analysis of Variance for UNIFORMI
Source     DF        SS        MS        F        P
WAFERPOS    3    16.220     5.407     8.29    0.008
Error       8     5.217     0.652
Total      11    21.437

5HMHFW�+���WKHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�DPRQJ�ZDIHU�SRVLWLRQ�
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������ D�
Source     DF        SS        MS        F        P
CHEMICAL    3      54.0      18.0     0.75    0.538
Error      16     384.0      24.0
Total      19     438.0

����'R�QRW�UHMHFW�+���WKHUH�LV�QR�GLIIHUHQFH�DPRQJ�WKH�FKHPLFDO�W\SHV�
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6HFWLRQ�����

������ D�
Source      DF         SS         MS       F      P
NOZZLE       4   0.102180   0.025545    8.92  0.000
VELOCITY     5   0.062867   0.012573    4.39  0.007
Error       20   0.057300   0.002865
Total       29   0.222347
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Source      DF         SS         MS       F      P
TIPTYPE      3    0.38500    0.12833   14.44  0.001
SPECIMEN     3    0.82500    0.27500   30.94  0.000
Error        9    0.08000    0.00889
Total       15    1.29000

5HMHFW�+���WKHUH�DUH�VLJQLILFDQW�GLIIHUHQFHV�LQ�KDUGQHVV�PHDVXUHPHQWV�EHWZHHQ�WKH�WLSV�
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������ D�
Source      DF         SS         MS       F      P
TEST         2  0.0014000  0.0007000    3.00  0.125
SUBJECT      3  0.0212250  0.0070750   30.32  0.001
Error        6  0.0014000  0.0002333
Total       11  0.0240250
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Source      DF         SS         MS       F      P
STORAGE      3    1972652     657551    4.33  0.014
LOT          8    1980499     247562    1.63  0.169
Error       24    3647150     151965
Total       35    7600300
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Source      DF         SS         MS       F      P
LENGTH       3      72.66      24.22    1.61  0.240
WIDTH        4      90.52      22.63    1.50  0.263
Error       12     180.83      15.07
Total       19     344.01

'R�QRW�UHMHFW�+���PHDQ�OHDNDJH�YROWDJH�GRHV�QRW�GHSHQG�RQ�WKH�FKDQQHO�OHQJWK�
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������
Source      DF         SS         MS       F      P
LENGTH       3     8.1775     2.7258    6.16  0.009
WIDTH        4     6.8380     1.7095    3.86  0.031
Error       12     5.3100     0.4425
Total       19    20.3255
5HMHFW�+���PHDQ�OHDNDJH�YROWDJH�GRHV�GHSHQG�RQ�FKDQQHO�OHQJWK�
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6XSSOHPHQWDO�([HUFLVHV

������ D�
Analysis of Variance for RESISTAN
Source     DF        SS        MS        F        P
ALLOY       2   10941.8    5470.9    76.09    0.000
Error      27    1941.4      71.9
Total      29   12883.2
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Analysis of Variance for SURFROUG
Source     DF        SS        MS        F        P
MATERIAL    3    0.2604    0.0868     5.29    0.017
Error      11    0.1804    0.0164
Total      14    0.4408
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Analysis of Variance for SCORE
Source     DF        SS        MS        F        P
METHOD      2     13.55      6.78     1.68    0.211
Error      21     84.77      4.04
Total      23     98.32
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Analysis of Variance for VOLUME
Source     DF        SS        MS        F        P
TEMPERAT    2     16480      8240     7.84    0.007
Error      12     12610      1051
Total      14     29090
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Source      DF         SS         MS       F      P
MEANWEIG     2     0.2227     0.1113    1.48  0.273
AIRTEMP      5    10.1852     2.0370   27.13  0.000
Error       10     0.7509     0.0751
Total       17    11.1588
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Source      DF         SS         MS       F      P
ALGORITH     5    2825746     565149    6.23  0.000
PROJECT      7    2710323     387189    4.27  0.002
Error       35    3175290      90723
Total       47    8711358
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Source               DF         SS         MS       F      P
material              2    10683.7     5341.9    7.91  0.002
temperat              2    39118.7    19559.4   28.97  0.000
material*temperat     4     9613.8     2403.4    3.56  0.019
Error                27    18230.7      675.2
Total                35    77647.0
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Source          DF         SS         MS       F      P
paint            1      355.6      355.6    1.90  0.193
drying           2       27.4       13.7    0.07  0.930
paint*drying     2     1878.8      939.4    5.03  0.026
Error           12     2242.7      186.9
Total           17     4504.4
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Source               DF         SS         MS       F      P
glasstyp              1    14450.0    14450.0  273.79  0.000
phostype              2      933.3      466.7    8.84  0.004
glasstyp*phostype     2      133.3       66.7    1.26  0.318
Error                12      633.3       52.8
Total                17    16150.0
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Source               DF         SS         MS       F      P
furnacep              1       7160       7160   16.00  0.002
temperat              2     945342     472671 1056.12  0.000
furnacep*temperat     2        818        409    0.91  0.427
Error                12       5371        448
Total                17     958691
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Fisher's pairwise comparisons
    Family error rate = 0.117
Individual error rate = 0.0500
Critical value = 2.131
Intervals for (column level mean) - (row level mean)
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Fisher's pairwise comparisons
Family error rate = 0.195
Individual error rate = 0.0500
Critical value = 2.048
Intervals for (column level mean) - (row level mean)
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Source               DF         SS         MS       F      P
frequenc              2    209.893    104.946  522.40  0.000
environm              2     64.252     32.126  159.92  0.000
frequenc*environm     4    101.966     25.491  126.89  0.000
Error                27      5.424      0.201
Total                35    381.535

����%RWK�PDLQ�IDFWRUV�DQG�LQWHUDFWLRQ�DUH�VLJQLILFDQW�

E�
Source               DF         SS         MS       F      P
frequenc              2     7.5702     3.7851  404.09  0.000
environm              2     2.3576     1.1788  125.85  0.000
frequenc*environm     4     3.5284     0.8821   94.17  0.000
Error                27     0.2529     0.0094
Total                35    13.7092
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Source           DF         SS         MS       F      P
doping            1      1.442      1.442   25.23  0.000
anneal            4    124.238     31.059  543.52  0.000
doping*anneal     4      0.809      0.202    3.54  0.048
Error            10      0.571      0.057
Total            19    127.060
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Fisher's pairwise comparisons
Family error rate = 0.258
Individual error rate = 0.0500
Critical value = 2.131
Intervals for (column level mean) - (row level mean)
                   1           2           3           4
       2     -4.9187
             -3.6113
       3     -6.6662     -2.4012
             -5.3588     -1.0938
       4     -6.9487     -2.6837     -0.9362
             -5.6413     -1.3763      0.3712
       5     -7.4787     -3.2137     -1.4662     -1.1837
             -6.1713     -1.9063     -0.1588      0.1237

F��7KH�FRQFOXVLRQV�DUH�WKH�VDPH�

6HFWLRQ�����

������ D��	�E�
Source               DF         SS         MS       F      P
hardwood              2     8.3750     4.1875    7.64  0.003
cookingt              1    17.3611    17.3611   31.66  0.000
freeness              2    21.8517    10.9258   19.92  0.000
hardwood*cookingt     2     3.2039     1.6019    2.92  0.075
hardwood*freeness     4     6.5133     1.6283    2.97  0.042
cookingt*freeness     2     1.0506     0.5253    0.96  0.399
Error                22    12.0644     0.5484
Total                35    70.4200

����$OO�PDLQ�IDFWRUV�DUH�VLJQLILFDQW���7KH�LQWHUDFWLRQ�RI�KDUGZRRGIUHHQHVV�LV�DOVR�VLJQLILFDQW�
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Source               DF         SS         MS       F      P
cycletim              2    393.037    196.519   40.25  0.000
operator              2    256.148    128.074   26.23  0.000
temperat              1     71.185     71.185   14.58  0.000
cycletim*operator     4    307.519     76.880   15.75  0.000
cycletim*temperat     2     67.704     33.852    6.93  0.003
operator*temperat     2     13.481      6.741    1.38  0.263
Error                40    195.296      4.882
Total                53   1304.370
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Source            DF         SS         MS       F      P
speed              1       1332       1332    0.49  0.502
hardness           1      28392      28392   10.42  0.010
angle              1      20592      20592    7.56  0.023
speed*hardness     1        506        506    0.19  0.677
speed*angle        1      56882      56882   20.87  0.000
hardness*angle     1       2352       2352    0.86  0.377
Error              9      24530       2726
Total             15     134588
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Estimated Effects and Coefficients for score
Term         Effect      Coef  StDev Coef       T      P
Constant              175.250      0.5467  320.59  0.000
A             8.250     4.125      0.5467    7.55  0.000
B           -10.375    -5.187      0.5467   -9.49  0.000
C             2.125     1.062      0.5467    1.94  0.070
D            -0.375    -0.187      0.5467   -0.34  0.736
A*B          -0.125    -0.063      0.5467   -0.11  0.910
A*C          -0.625    -0.313      0.5467   -0.57  0.575
A*D           9.125     4.562      0.5467    8.35  0.000
B*C          -0.250    -0.125      0.5467   -0.23  0.822
B*D           1.250     0.625      0.5467    1.14  0.270
C*D          -1.250    -0.625      0.5467   -1.14  0.270
A*B*C        -8.000    -4.000      0.5467   -7.32  0.000
A*B*D        -9.250    -4.625      0.5467   -8.46  0.000
A*C*D        -8.750    -4.375      0.5467   -8.00  0.000
B*C*D        -8.625    -4.312      0.5467   -7.89  0.000
A*B*C*D      -1.625    -0.812      0.5467   -1.49  0.157
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Estimated Effects and Coefficients for charge
Term                 Effect      Coef  StDev Coef       T      P
Constant                       -1.000      0.4462   -2.24  0.055
cleanmet             -5.593    -2.797      0.4462   -6.27  0.000
testpos              -1.280    -0.640      0.4462   -1.43  0.189
cleanmet*testpos     -1.220    -0.610      0.4462   -1.37  0.209

Analysis of Variance for charge
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Main Effects           2      98.771    98.7713     49.386  20.67  0.001
2-Way Interactions     1       4.465     4.4652      4.465   1.87  0.209
Residual Error         8      19.110    19.1101      2.389
  Pure Error           8      19.110    19.1101      2.389
Total                 11     122.347
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Estimated Effects and Coefficients for inches
Term                           Effect      Coef
Constant                                 35.938
factor_A                      -16.125    -8.063
factor_B                        3.125     1.562
factor_C                       -1.125    -0.562
factor_D                       -1.125    -0.562
factor_A*factor_B              -4.375    -2.187
factor_A*factor_C              -0.625    -0.312
factor_A*factor_D              -3.125    -1.562
factor_B*factor_C               1.625     0.812
factor_B*factor_D               0.125     0.063
factor_C*factor_D              -0.625    -0.313
factor_A*factor_B*factor_C      0.625     0.313
factor_A*factor_B*factor_D     -2.375    -1.188
factor_A*factor_C*factor_D     -1.125    -0.563
factor_B*factor_C*factor_D     -0.875    -0.437
factor_A*factor_B*factor_C
*factor_D                       0.125     0.063

����$FFRUGLQJ�WR�WKH�QRUPDO�SUREDELOLW\�SORW��IDFWRUV�$��%��DQG�$%�DSSHDU�WR�EH�VLJQLILFDQW�

E��	�F��5HPRYLQJ�WKH�WKUHH�DQG�IRXU�IDFWRU�LQWHUDFWLRQV�WKH�DQDO\VLV�DQG�UHVLGXDO�SORW�DUH�IRXQG�
Term                  Effect      Coef  StDev Coef       T      P
Constant                        35.938      0.6355   56.55  0.000
factor_A             -16.125    -8.063      0.6355  -12.69  0.000
factor_B               3.125     1.562      0.6355    2.46  0.057
factor_C              -1.125    -0.562      0.6355   -0.89  0.417
factor_D              -1.125    -0.562      0.6355   -0.89  0.417
factor_A*factor_B     -4.375    -2.187      0.6355   -3.44  0.018
factor_A*factor_C     -0.625    -0.312      0.6355   -0.49  0.644
factor_A*factor_D     -3.125    -1.562      0.6355   -2.46  0.057
factor_B*factor_C      1.625     0.812      0.6355    1.28  0.257
factor_B*factor_D      0.125     0.063      0.6355    0.10  0.925
factor_C*factor_D     -0.625    -0.313      0.6355   -0.49  0.644
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E�
Term                  Effect      Coef  StDev Coef       T      P
Constant                       30.5312      0.2786  109.57  0.000
factor_A             11.8125    5.9063      0.2786   21.20  0.000
factor_B             33.9375   16.9687      0.2786   60.90  0.000
factor_C              9.6875    4.8437      0.2786   17.38  0.000
factor_D             -0.8125   -0.4063      0.2786   -1.46  0.164
factor_E              0.4375    0.2187      0.2786    0.79  0.444
factor_A*factor_B     7.9375    3.9687      0.2786   14.24  0.000
factor_A*factor_C     0.4375    0.2187      0.2786    0.79  0.444
factor_A*factor_D    -0.0625   -0.0313      0.2786   -0.11  0.912
factor_A*factor_E     0.9375    0.4687      0.2786    1.68  0.112
factor_B*factor_C     0.0625    0.0313      0.2786    0.11  0.912
factor_B*factor_D    -0.6875   -0.3437      0.2786   -1.23  0.235
factor_B*factor_E     0.5625    0.2813      0.2786    1.01  0.328
factor_C*factor_D     0.8125    0.4062      0.2786    1.46  0.164
factor_C*factor_E     0.3125    0.1563      0.2786    0.56  0.583
factor_D*factor_E    -1.1875   -0.5938      0.2786   -2.13  0.049

Analysis of Variance for yield
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Main Effects           5     11087.9    11087.9    2217.58 892.61  0.000
2-Way Interactions    10       536.3      536.3      53.63  21.59  0.000
Residual Error        16        39.7       39.7       2.48
Total                 31     11664.0
7KH�DQDO\VLV�FRQILUPV�RXU�ILQGLQJV�IURP�SDUW�D�
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Estimated Effects and Coefficients for y
Term                           Effect      Coef  StDev Coef       T      P
Constant                                 414.58       4.316   96.06  0.000
factor_A                        13.75      6.87       5.286    1.30  0.263
factor_B                       127.75     63.87       5.286   12.08  0.000
factor_C                        97.75     48.87       5.286    9.25  0.001
factor_A*factor_B              -21.25    -10.62       5.286   -2.01  0.115
factor_A*factor_C             -137.25    -68.62       5.286  -12.98  0.000
factor_B*factor_C              -52.25    -26.13       5.286   -4.94  0.008
factor_A*factor_B*factor_C     -68.25    -34.12       5.286   -6.46  0.003

Analysis of Variance for y
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Main Effects           3       52128    52128.4    17376.1  77.74  0.001
2-Way Interactions     3       44038    44038.4    14679.5  65.68  0.001
3-Way Interactions     1        9316     9316.1     9316.1  41.68  0.003
Residual Error         4         894      894.0      223.5
  Curvature            1         176      176.0      176.0   0.74  0.454
  Pure Error           3         718      718.0      239.3
Total                 11      106377
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Term                  Effect      Coef
Constant                        411.87
Block                            34.12
factor_A               13.75      6.87
factor_B              127.75     63.87
factor_C               97.75     48.87
factor_A*factor_B     -21.25    -10.63
factor_A*factor_C    -137.25    -68.63
factor_B*factor_C     -52.25    -26.13
Term                  Effect      Coef  StDev Coef       T      P
Constant                        411.87       19.94   20.65  0.002
Block                            34.12       19.94    1.71  0.229
factor_A               13.75      6.87       19.94    0.34  0.763
factor_B              127.75     63.87       19.94    3.20  0.085
factor_C               97.75     48.87       19.94    2.45  0.134
factor_A*factor_C    -137.25    -68.63       19.94   -3.44  0.075

Analysis of Variance for y
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Blocks                 1        9316       9316       9316   2.93  0.229
Main Effects           3       52128      52128      17376   5.46  0.159
2-Way Interactions     1       37675      37675      37675  11.84  0.075
Residual Error         2        6363       6363       3182
Total                  7      105483
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Term                           Effect      Coef
Constant                                183.375
Block                                    -1.625
factor_A                      -10.000    -5.000
factor_B                       -0.750    -0.375
factor_C                       -0.750    -0.375
factor_D                        5.000     2.500
factor_A*factor_B               4.500     2.250
factor_A*factor_C               0.500     0.250
factor_A*factor_D              -3.750    -1.875
factor_B*factor_C              -1.250    -0.625
factor_B*factor_D              -1.500    -0.750
factor_C*factor_D               1.500     0.750
factor_A*factor_B*factor_C     -6.000    -3.000
factor_A*factor_B*factor_D      4.750     2.375
factor_A*factor_C*factor_D     -0.250    -0.125
factor_B*factor_C*factor_D     -2.000    -1.000
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Term         Effect      Coef  StDev Coef       T      P
Constant              183.375       1.607  114.14  0.000
Block                  -1.625       1.607   -1.01  0.336
factor_A    -10.000    -5.000       1.607   -3.11  0.011
factor_B     -0.750    -0.375       1.607   -0.23  0.820
factor_C     -0.750    -0.375       1.607   -0.23  0.820
factor_D      5.000     2.500       1.607    1.56  0.151
Analysis of Variance for var_1
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Blocks                 1       42.25      42.25      42.25   1.02  0.336
Main Effects           4      504.50     504.50     126.13   3.05  0.069
Residual Error        10      413.00     413.00      41.30
Total                 15      959.75
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Term                           Effect      Coef  StDev Coef       T      P
Constant                                183.938       1.958   93.96  0.000
Block  1                                 -3.437       3.391   -1.01  0.417
       2                                  2.563       3.391    0.76  0.529
       3                                 -2.438       3.391   -0.72  0.547
factor_A                       -8.875    -4.438       1.958   -2.27  0.152
factor_B                        0.375     0.187       1.958    0.10  0.932
factor_C                        0.375     0.187       1.958    0.10  0.932
factor_D                        6.125     3.062       1.958    1.56  0.258
factor_A*factor_B               5.625     2.812       1.958    1.44  0.287
factor_A*factor_C               1.625     0.813       1.958    0.42  0.718
factor_A*factor_D              -2.625    -1.312       1.958   -0.67  0.572
factor_B*factor_D              -0.375    -0.188       1.958   -0.10  0.932
factor_B*factor_C*factor_D     -0.875    -0.438       1.958   -0.22  0.844
factor_A*factor_B*factor_C
*factor_D                       4.375     2.187       1.958    1.12  0.380

Analysis of Variance for var_1
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Blocks                 3     141.187    141.187     47.062   0.77  0.608
Main Effects           4     466.250    466.250    116.563   1.90  0.373
2-Way Interactions     4     165.250    165.250     41.313   0.67  0.670
3-Way Interactions     1       3.063      3.063      3.063   0.05  0.844
4-Way Interactions     1      76.562     76.562     76.562   1.25  0.380
Residual Error         2     122.625    122.625     61.312
Total                 15     974.938
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Run Block  A  B  C  D  E
    1   1    -  -  -  -  -
    2   1    +  +  -  -  -
    3   1    +  -  +  -  -
    4   1    -  +  +  -  -
    5   1    +  -  -  +  -
    6   1    -  +  -  +  -
    7   1    -  -  +  +  -
    8   1    +  +  +  +  -
    9   1    +  -  -  -  +
   10   1    -  +  -  -  +
   11   1    -  -  +  -  +
   12   1    +  +  +  -  +
   13   1    -  -  -  +  +
   14   1    +  +  -  +  +
   15   1    +  -  +  +  +
   16   1    -  +  +  +  +
   17   2    +  -  -  -  -
   18   2    -  +  -  -  -
   19   2    -  -  +  -  -
   20   2    +  +  +  -  -
   21   2    -  -  -  +  -
   22   2    +  +  -  +  -
   23   2    +  -  +  +  -
   24   2    -  +  +  +  -
   25   2    -  -  -  -  +
   26   2    +  +  -  -  +
   27   2    +  -  +  -  +
   28   2    -  +  +  -  +
   29   2    +  -  -  +  +
   30   2    -  +  -  +  +
   31   2    -  -  +  +  +
   32   2    +  +  +  +  +

������
Run Block  A  B  C  D  E
    1   1    -  -  -  -  -
    2   1    +  +  -  -  -
    3   1    +  -  +  +  -
    4   1    -  +  +  +  -
    5   1    +  -  +  -  +
    6   1    -  +  +  -  +
    7   1    -  -  -  +  +
    8   1    +  +  -  +  +
    9   2    +  -  -  -  -
   10   2    -  +  -  -  -
   11   2    -  -  +  +  -
   12   2    +  +  +  +  -
   13   2    -  -  +  -  +
   14   2    +  +  +  -  +
   15   2    +  -  -  +  +
   16   2    -  +  -  +  +
   17   3    +  -  +  -  -
   18   3    -  +  +  -  -
   19   3    -  -  -  +  -
   20   3    +  +  -  +  -
   21   3    -  -  -  -  +
   22   3    +  +  -  -  +
   23   3    +  -  +  +  +
   24   3    -  +  +  +  +
   25   4    -  -  +  -  -
   26   4    +  +  +  -  -
   27   4    +  -  -  +  -
   28   4    -  +  -  +  -
   29   4    +  -  -  -  +
   30   4    -  +  -  -  +
   31   4    -  -  +  +  +
   32   4    +  +  +  +  +
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������ ��������Term                           Effect      Coef
Constant                                 35.938
Block                                    -0.063
factor_A                      -16.125    -8.062
factor_B                        3.125     1.563
factor_C                       -1.125    -0.563
factor_D                       -1.125    -0.563
factor_A*factor_B              -4.375    -2.187
factor_A*factor_C              -0.625    -0.313
factor_A*factor_D              -3.125    -1.563
factor_B*factor_C               1.625     0.813
factor_B*factor_D               0.125     0.063
factor_C*factor_D              -0.625    -0.312
factor_A*factor_B*factor_C      0.625     0.313
factor_A*factor_B*factor_D     -2.375    -1.187
factor_A*factor_C*factor_D     -1.125    -0.562
factor_B*factor_C*factor_D     -0.875    -0.438

Estimated Effects and Coefficients for var_1
Term                  Effect      Coef  StDev Coef       T      P
Constant                        35.938      0.7354   48.87  0.000
Block                           -0.063      0.7354   -0.08  0.934
factor_A             -16.125    -8.062      0.7354  -10.96  0.000
factor_B               3.125     1.563      0.7354    2.12  0.057
factor_A*factor_B     -4.375    -2.187      0.7354   -2.97  0.013

Analysis of Variance for var_1
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Blocks                 1        0.06       0.06      0.063   0.01  0.934
Main Effects           2     1079.12    1079.12    539.562  62.35  0.000
2-Way Interactions     1       76.56      76.56     76.562   8.85  0.013
Residual Error        11       95.19      95.19      8.653
  Lack of Fit          3        9.69       9.69      3.229   0.30  0.823
  Pure Error           8       85.50      85.50     10.687
Total                 15     1250.94

������ D�Estimated Effects and Coefficients for y
Term         Effect      Coef  StDev Coef       T      P
Constant                56.37       2.633   21.41  0.000
Block  1                15.63       4.560    3.43  0.014
       2                -3.38       4.560   -0.74  0.487
       3               -10.88       4.560   -2.38  0.054
A            -45.25    -22.62       2.633   -8.59  0.000
B             -1.50     -0.75       2.633   -0.28  0.785
C             14.50      7.25       2.633    2.75  0.033
A*B           19.00      9.50       2.633    3.61  0.011
A*C          -14.50     -7.25       2.633   -2.75  0.033
B*C           -9.25     -4.63       2.633   -1.76  0.130

Analysis of Variance for y
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Blocks                 3      1502.8     1502.8      500.9   4.52  0.055
Main Effects           3      9040.2     9040.2     3013.4  27.17  0.001
2-Way Interactions     3      2627.2     2627.2      875.7   7.90  0.017
Residual Error         6       665.5      665.5      110.9
Total                 15     13835.7
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Run Block  A  B  C  D  E  F
    1   1    -  -  -  +  +  -
    2   1    +  -  +  +  -  -
    3   1    -  +  -  -  +  +
    4   1    -  +  +  +  -  -
    5   1    +  +  -  +  +  -
    6   1    -  -  +  +  +  +
    7   1    +  -  +  -  +  -
    8   1    +  +  +  -  -  +
    9   1    -  -  +  -  -  +
   10   1    +  +  -  -  -  -
   11   1    -  +  +  -  +  -
   12   1    +  -  -  -  +  +
   13   1    -  -  -  -  -  -
   14   1    -  +  -  +  -  +
   15   1    +  +  +  +  +  +
   16   1    +  -  -  +  -  +
   17   2    -  +  +  -  +  +
   18   2    +  +  +  -  -  -
   19   2    -  -  -  -  -  +
   20   2    -  +  +  +  -  +
   21   2    +  +  -  -  -  +
   22   2    +  -  -  +  -  -
   23   2    -  -  -  +  +  +
   24   2    -  -  +  +  +  -
   25   2    -  -  +  -  -  -
   26   2    +  -  +  -  +  +
   27   2    -  +  -  +  -  -
   28   2    +  -  +  +  -  +
   29   2    +  -  -  -  +  -
   30   2    +  +  +  +  +  -
   31   2    -  +  -  -  +  -
   32   2    +  +  -  +  +  +
   33   3    +  +  +  +  -  +
   34   3    -  -  -  -  +  -
   35   3    -  +  +  -  -  -
   36   3    -  -  +  -  +  +
   37   3    -  +  -  -  -  +
   38   3    -  -  +  +  -  +
   39   3    +  -  -  +  +  +
   40   3    +  -  +  +  +  -
   41   3    +  -  +  -  -  -
   42   3    +  +  -  -  +  -
   43   3    -  +  +  +  +  -
   44   3    -  +  -  +  +  +
   45   3    +  -  -  -  -  +
   46   3    +  +  -  +  -  -
   47   3    -  -  -  +  -  -
   48   3    +  +  +  -  +  +
   49   4    +  -  +  +  +  +
   50   4    -  -  -  -  +  +
   51   4    +  -  -  -  -  -
   52   4    -  -  +  +  -  -
   53   4    -  +  +  +  +  +
   54   4    -  +  -  -  -  -
   55   4    +  -  +  -  -  +
   56   4    +  +  -  +  -  +
   57   4    -  +  -  +  +  -
   58   4    +  +  +  -  +  -
   59   4    +  +  -  -  +  +
   60   4    -  -  +  -  +  -
   61   4    -  +  +  -  -  +
   62   4    +  -  -  +  +  -
   63   4    -  -  -  +  -  +
   64   4    +  +  +  +  -  -
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$� IDFWRUB$
%� IDFWRUB%
&� IDFWRUB&
'� IDFWRUB'
(� IDFWRUB(

F�
Estimated Effects and Coefficients for var_1
Term                  Effect      Coef  StDev Coef       T      P
Constant                        2.7700      0.2674   10.36  0.000
factor_A              1.4350    0.7175      0.2674    2.68  0.025
factor_B             -1.4650   -0.7325      0.2674   -2.74  0.023
factor_D              4.5450    2.2725      0.2674    8.50  0.000
factor_A*factor_B     1.1500    0.5750      0.2674    2.15  0.060
factor_A*factor_D    -1.2300   -0.6150      0.2674   -2.30  0.047
factor_B*factor_D     0.1200    0.0600      0.2674    0.22  0.827

Analysis of Variance for var_1
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Main Effects           3      99.450    99.4499    33.1500  28.97  0.000
2-Way Interactions     3      11.399    11.3992     3.7997   3.32  0.071
Residual Error         9      10.300    10.2997     1.1444
  Lack of Fit          1       0.533     0.5329     0.5329   0.44  0.527
  Pure Error           8       9.767     9.7668     1.2208
Total                 15     121.149

&ROODSVH�XVLQJ�$��%��'�RQO\�

Estimated Effects and Coefficients for var_1
Term                           Effect      Coef  StDev Coef       T      P
Constant                                 2.7700      0.2762   10.03  0.000
factor_A                       1.4350    0.7175      0.2762    2.60  0.032
factor_B                      -1.4650   -0.7325      0.2762   -2.65  0.029
factor_D                       4.5450    2.2725      0.2762    8.23  0.000
factor_A*factor_B              1.1500    0.5750      0.2762    2.08  0.071
factor_A*factor_D             -1.2300   -0.6150      0.2762   -2.23  0.057
factor_B*factor_D              0.1200    0.0600      0.2762    0.22  0.833
factor_A*factor_B*factor_D    -0.3650   -0.1825      0.2762   -0.66  0.527

Analysis of Variance for var_1
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Main Effects           3      99.450    99.4499    33.1500  27.15  0.000
2-Way Interactions     3      11.399    11.3992     3.7997   3.11  0.088
3-Way Interactions     1       0.533     0.5329     0.5329   0.44  0.527
Residual Error         8       9.767     9.7668     1.2208
  Pure Error           8       9.767     9.7668     1.2208
Total                 15     121.149

������ D�Design Generators:  D = ABC
Alias Structure
I + ABCD
A + BCD
B + ACD
C + ABD
D + ABC
AB + CD
AC + BD
AD + BC



���

E� Term         Effect      Coef
Constant               70.750
A            19.000     9.500
B             1.500     0.750
C            14.000     7.000
D            16.500     8.250
A*B          -1.000    -0.500
A*C         -18.500    -9.250
A*D          19.000     9.500
$� &� '� $&� DQG $' KDYH ODUJH HVWLPDWHG HIIHFWV�

F�Estimated Effects and Coefficients for rate
Term         Effect      Coef  StDev Coef       T      P
Constant               70.750      0.6374  111.00  0.000
A            19.000     9.500      0.6374   14.90  0.004
C            14.000     7.000      0.6374   10.98  0.008
D            16.500     8.250      0.6374   12.94  0.006
A*C         -18.500    -9.250      0.6374  -14.51  0.005
A*D          19.000     9.500      0.6374   14.90  0.004

Analysis of Variance for rate
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Main Effects           3     1658.50    1658.50    552.833 170.10  0.006
2-Way Interactions     2     1406.50    1406.50    703.250 216.38  0.005
Residual Error         2        6.50       6.50      3.250
Total                  7     3071.50

������ 7KH�JHQHUDWRUV�DUH�( $%&��) %&'���&RPSOHWH�GHILQLQJ�UHODWLRQ�LV�,� $%&( %&') $'()���6LQFH�WKH�

UHPDLQLQJ�IDFWRUV�$��%��'��DQG�)�GR�QRW�IRUP�D�ZRUG�LQ�WKH�FRPSOHWH�GHILQLQJ�UHODWLRQ�LW�FDQ�EH�YHULILHG�WKDW�

WKH�UHVXOWLQJ�GHVLJQ�LV�D�IXOO�IDFWRULDO�

������ 6LQFH�IDFWRUV�$��%��&��DQG�(�IRUP�D�ZRUG�LQ�WKH�FRPSOHWH�GHILQLQJ�UHODWLRQ��LW�FDQ�EH�YHULILHG�WKDW�WKH�

UHVXOWLQJ�GHVLJQ�LV�WZR�UHSOLFDWHV�RI�D������IUDFWLRQDO�IDFWRULDO�

������

)DFWRU (VWLPDWHG�(IIHFW

$ �����

% ����

& ����

' ����

$%�&' �����

$&�%' ����

$'�%& ����

������ *HQHUDWRUV�' $%��( $&��IRU�������5HVROXWLRQ�,,,

$ % & ' ( YDUB�

�� �� �� � � ����

� �� �� �� �� ���

�� � �� �� � ����

� � �� � �� ����

�� �� � � �� ���

� �� � �� � ����

�� � � �� �� ����

� � � � � ����

Term                  Effect      Coef
Constant                       3025.00
factor_A             1450.00    725.00
factor_B             3650.00   1825.00
factor_C             -150.00    -75.00
factor_D             1750.00    875.00
factor_E              650.00    325.00
factor_B*factor_C     250.00    125.00
factor_B*factor_E     -50.00    -25.00
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��B��� Design Generators:  D = AB  E = AC  F = BC
Defining Relation:  I = ABD = ACE = BCF = BCDE = ACDF = ABEF = DEF
A + BD + CE
B + AD + CF
C + AE + BF
D + AB + EF
E + AC + DF
F + BC + DE
AF + BE + CD

Data Matrix
  Run  A  B  C  D  E  F
    1  -  -  -  +  +  +
    2  +  -  -  -  -  +
    3  -  +  -  -  +  -
    4  +  +  -  +  -  -
    5  -  -  +  +  -  -
    6  +  -  +  -  +  -
    7  -  +  +  -  -  +
    8  +  +  +  +  +  +

������ E��( $%&'

F�
Term                  Effect      Coef
Constant                       30.4375
factor_A             10.8750    5.4375
factor_B             33.6250   16.8125
factor_C             10.6250    5.3125
factor_D             -0.6250   -0.3125
factor_E              0.3750    0.1875
factor_A*factor_B     7.1250    3.5625
factor_A*factor_C     0.6250    0.3125
factor_A*factor_D     0.8750    0.4375
factor_A*factor_E     1.3750    0.6875
factor_B*factor_C     0.8750    0.4375
factor_B*factor_D    -0.3750   -0.1875
factor_B*factor_E     0.1250    0.0625
factor_C*factor_D     0.6250    0.3125
factor_C*factor_E     0.6250    0.3125

   factor_D*factor_E    -1.6250   -0.8125
G�
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1RUPDO 3UREDELOLW\ 3ORW RI WKH (IIHFWV
�UHVSRQVH LV YDUB�� $OSKD  ����

$� IDFWRUB$
%� IDFWRUB%
&� IDFWRUB&
'� IDFWRUB'
(� IDFWRUB(



���

H�
Term                  Effect      Coef  StDev Coef       T      P
Constant                        30.438      0.4243   71.73  0.000
factor_A              10.875     5.438      0.4243   12.81  0.000
factor_B              33.625    16.812      0.4243   39.62  0.000
factor_C              10.625     5.313      0.4243   12.52  0.000
factor_A*factor_B      7.125     3.562      0.4243    8.40  0.000

Analysis of Variance for var_1
Source                DF      Seq SS     Adj SS     Adj MS      F      P
Main Effects           3     5447.19    5447.19    1815.73 630.31  0.000
2-Way Interactions     1      203.06     203.06     203.06  70.49  0.000
Residual Error        11       31.69      31.69       2.88
  Lack of Fit          3       15.19      15.19       5.06   2.45  0.138
  Pure Error           8       16.50      16.50       2.06
Total                 15     5681.94
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E�
(VWLPDWHG�5HJUHVVLRQ�&RHIILFLHQWV�IRU�\

7HUP�������������&RHI�������6W'HY����������7������3

&RQVWDQW�������������������������������������������

[��������������������������������������������������

[��������������������������������������������������

[�[�����������������������������������������������

[�[�����������������������������������������������

[�[�����������������������������������������������

6� �������������5�6T� �����������5�6T�DGM�� ������

$QDO\VLV�RI�9DULDQFH�IRU�\

6RXUFH����������')����6HT�66����$GM�66����$GM�06����)������3

5HJUHVVLRQ����������������������������������������������������

��/LQHDU������������������������������������������������������

��6TXDUH������������������������������������������������������

��,QWHUDFWLRQ�������������������������������������������������

5HVLGXDO�(UURU����������������������������������

��/DFN�RI�)LW�������������������������������������������������

��3XUH�(UURU������������������������������������

7RWDO�����������������������

����7KH�VHFRQG�RUGHU�PRGHO�DSSHDUV�WR�EH�VLJQLILFDQW�IRU�WKH�LQWHUDFWLRQ�WHUP��S� ���������+RZHYHU�

����WKH�VTXDUH�WHUPV�DUH�QRW�VLJQLILFDQW��S� ��������
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����7KHUH�DSSHDUV�WR�EH�D�VDGGOH�SRLQW�LQ�WKH�H[SHULPHQWDO�UHJLRQ���7KH�\LHOG�LQFUHDVHV�DV�[��LV�GHFUHDVHG�DQG�

[��LV�QHDU�WKH�]HUR�OHYHO�

������ 0RYH�����XQLWV�LQ�WKH�GLUHFWLRQ�RI�[��IRU�HYHU\������XQLW�LQ�WKH�GLUHFWLRQ�RI�[����7KXV��WKH�SDWK�RI�VWHHSHVW�

DVFHQW�SDVVHV�WKURXJK�WKH�SRLQW�������DQG�KDV�D�VORSH���������� ��������

������ D��������[�����[��!��� ������[�����[��!������

����[��!��
�

�
[����� [���������[���������

����7KH�IHDVLEOH�UHJLRQ�LV�EHWZHHQ�WKVHV�WZR�OLQHV��ZKLFK�FDQ�EH�VKRZQ�JUDSKLFDOO\�RQ�WKH�[��[��SODQH�

E��2SHUDWLQJ�WKH�SURFHVV�ZLWK�[�� �����DQG�[�� ������UHVXOWV�LQ�\��DQG�\��FRPIRUWDEO\�ZLWKLQ�WKH�IHDVLEOH�

����UHJLRQ�
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������� D��$�FHQWUDO�FRPSRVLWH�GHVLJQ�KDV�EHHQ�XVHG�EXW�LW�LV�QRW�URWDWDEOH�

E��7HUP &RHI 6W'HY 7 3

&RQVWDQW ������ ����� ������ �����

[� ������ ����� ������� �����

[� ���� ����� ����� �����

[�[� ����� ����� ������ �����

[�[� ����� ����� ����� �����

[�[� ���� ����� ����� �����

6  ����� 5�6T  ����� 5�6T�DGM�  �����

$QDO\VLV RI 9DULDQFH IRU \

6RXUFH ') 6HT 66 $GM 66 $GM 06 ) 3

5HJUHVVLRQ � ������� ������� ������ ����� �����

/LQHDU � ������� ������� ������� ����� �����

6TXDUH � ������ ������ ����� ���� �����

,QWHUDFWLRQ � ��� ��� ��� ���� �����

5HVLGXDO (UURU � ������ ������ �����

/DFN�RI�)LW � ��� ��� ��� ���� �����

3XUH (UURU � ������ ������ �����

7RWDO �� �������

����7KH�OLQHDU�WHUPV�DSSHDU�WR�EH�VLJQLILFDQW��S� ��������ZKLOH�ERWK�WKH�VTXDUH�WHUPV�DQG�LQWHUDFWLRQ�WHUPV�DUH�

LQVLJQLILFDQW��S� �������DQG�S� ��������UHVSHFWLYHO\��

����6LQFH�[��LV�WKH�RQO\�VLJQLILFDQW�IDFWRU��WR�PLQLPL]H�DVK�LQFUHDVH�WKH�YDOXH�RI�[��
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5HVSRQVH 6XUIDFH 5HJUHVVLRQ
7HUP &RHI 6W'HY 7 3

&RQVWDQW ������� ����� ������ �����

[� ������� ����� ������ �����

[� ������� ����� ����� �����

[� ������� ����� ������ �����

[�[� ������ ����� ����� �����

[�[� ����� ����� ����� �����

[�[� ����� ����� ����� �����

[�[� ������ ����� ����� �����

[�[� ������ ����� ����� �����

[�[� ������ ����� ����� �����

6  ����� 5�6T  ����� 5�6T�DGM�  �����

$QDO\VLV RI 9DULDQFH IRU \�

6RXUFH ') 6HT 66 $GM 66 $GM 06 ) 3

5HJUHVVLRQ � ������� ������� ������ ����� �����

/LQHDU � ������� ������� ������ ������ �����

6TXDUH � ���� ���� ���� ���� �����

,QWHUDFWLRQ � ������ ������ ����� ����� �����

5HVLGXDO (UURU �� ����� ����� ����

7RWDO �� �������

7KH�TXDGUDWLF�PRGHO�IRU�\��LV

���� \ [ [ [ [ [ [ [ [ [� � � � � � � � � ������� ��� ��� ������ ������ �� ��� �� ��� �� �� � � � � � �� � � � � � �
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E������5HVSRQVH�6XUIDFH�5HJUHVVLRQ
7HUP &RHI 6W'HY 7 3

&RQVWDQW ������ ����� ����� �����

[� ����� ����� ����� �����

[� ������ ������ ����� �����

[� ������ ������ ����� �����

6  ����� 5�6T  ����� 5�6T�DGM�  �����

6RXUFH ') 6HT 66 $GM 66 $GM 06 ) 3

5HJUHVVLRQ � ������� ������� ������� ���� �����

/LQHDU � ������� ������� ������� ���� �����

5HVLGXDO (UURU �� ������� ������� �������

7RWDO �� �������

����7KH�OLQHDU�PRGHO�IRU�\��LV�JLYHQ�E\

���� \ [ [� � ��� ��� �� ��� ����� � �� � �
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&RQWRXU�3ORW�RI�\�

����7KH�GDUNHQHG�VHFWLRQ�UHSUHVHQWV�WKH�VPDOOHVW�VWDQGDUG�GHYLDWLRQ�IRU�WKH�FRPELQDWLRQ�RI�[��DQG�[����,I�WKH�

����OHYHO�RI���LV�FKRVHQ�IRU�ERWK�[��DQG�[���WKHQ�WR�DWWDLQ�WKH�GHVLUHG�OHYHO�RI�����IRU�WKH�PHDQ��VROYH�WKH�

����TXDGUDWLF�HTXDWLRQ�IRXQG�LQ�SDUW�D�XVLQJ�\� ������[�� ���DQG�[�� ���IRU�[����7KH�OHYHO�RI�[��IRU�WKLV�

����SDUWLFXODU�VLWXDWLRQ�LV�DSSUR[LPDWHO\���

6XSSOHPHQWDO�([HUFLVHV

������ D�
(VWLPDWHG (IIHFWV DQG &RHIILFLHQWV IRU YLVFRVLW

7HUP (IIHFW &RHI 6W'HY &RHI 7 3

&RQVWDQW ������� ����� ������ �����

S+ ����� ����� ����� ���� �����

&DWDO\VW ������ ������ ����� ����� �����

S+&DWDO\VW ������ ����� ����� ���� �����

$QDO\VLV RI 9DULDQFH IRU YLVFRVLW

6RXUFH ') 6HT 66 $GM 66 $GM 06 ) 3

0DLQ (IIHFWV � ������� ������� ����� ���� �����

��:D\ ,QWHUDFWLRQV � ������� ������� ������ ����� �����

5HVLGXDO (UURU �� ������� ������� �����

3XUH (UURU �� ������� ������� �����

7RWDO �� �������

����7KH�PDLQ�HIIHFW�RI�S+�DQG�WKH�LQWHUDFWLRQ�RI�S+�DQG�&DWDO\VW�DUH�VLJQLILFDQW�DW�WKH������OHYHO�RI� �

VLJQLILFDQFH�
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&DWDO\VW
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,QWHUDFWLRQ�3ORW�IRU�YLVFRVLW

����7KH�LQWHUDFWLRQ�SORW�VXSSRUWV�WKH�LQIRUPDWLRQ�IRXQG�LQ�WKH�DQDO\VLV�RI�SDUW�D���7KHUH�DSSHDUV�WR�EH�D�

����VLJQLILFDQW�LQWHUDFWLRQ�EHWZHHQ�S+�DQG�&DWDO\VW�

F��7KH�PRGHO�XVHG�LV�YLVFRVLW\� ����������������S+����������&DWDO\VW���������S+&DWDO\VW
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����7KH�UHVLGXDO�SORWV�DSSHDU�WR�EH�DGHTXDWH���7KHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�OHYHOV�RI�WKH�

����LQWHUDFWLRQ�S+&DWDO\VW�

������ D�
(VWLPDWHG (IIHFWV DQG &RHIILFLHQWV IRU IODWQHVV

7HUP (IIHFW &RHI 6W'HY &RHI 7 3

&RQVWDQW �������� �������� ����� �����

*HDUW\SH �������� �������� �������� ���� �����

7LPH �������� �������� �������� ���� �����
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7KLV�XVHV�$%� �&'(�DV�WKH�HIIHFW�WR�FRQIRXQG�ZLWK�EORFNV�

������ 7KH�JHQHUDWRUV�DUH�)� �$%&'�DQG�*� �$%'(��7KH�FRPSOHWH�GHILQLQJ�UHODWLRQ�LV

,� �$%&')� �$%'(*� �&()*�

7KH�GHVLJQ�FDQ�EH�FRQVWUXFWHG�LQ�IRXU�EORFNV�E\�FRQIRXQGLQJ�$&(� �$)*�DQG�%&(� �%)*�ZLWK�EORFNV��7KLV

DOVR�FRQIRXQGV�$%� �&')� �'(*�ZLWK�EORFNV�

<HV��D�WZR�IDFWRU�LQWHUDFWLRQ�LV�FRQIRXQGHG�ZLWK�EORFNV��7KH�EHVW�EORFNLQJ�VFKHPH�FRQIRXQGV�RQO\�RQH�WZR�

IDFWRU�LQWHUDFWLRQ�ZLWK�EORFNV�

������ 7KH�JHQHUDWRUV�DUH�(� �$%&��)� �%&'��DQG�*� �$&'��7KH�FRPSOHWH�GHILQLQJ�UHODWLRQ�LV�,� �$%&(� �%&')�
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����� 3�YDOXH� �3�5t�_S ����Q �� �����

����� =�� ��������7KH�3�YDOXH� �3�_=_!������ ���������8VLQJ�WKH�FRQWLQXLW\�FRUUHFWLRQ��WKH�3�YDOXH �����

����� =�� �������3�YDOXH 3�=!������ �����������8VLQJ�WKH�FRQWLQXLW\�FRUUHFWLRQ��=�� ������3�YDOXH ������

����� 3�YDOXH� ��3�5t�_S ���� ���������%HFDXVH�U ��!����GR�QRW�UHMHFW�+��

������ %HFDXVH�U ��d���IRU�Q� �����UHMHFW�+�

������ =�� �������3�YDOXH 3�_=_!����� ��������UHMHFW�+����8VLQJ�WKH�FRQWLQXLW\�FRUUHFWLRQ��=�� �������3�YDOXH� �

��������UHMHFW�+��

������ %HFDXVH�U� ���!�U����� ���IRU�Q ���+��LV�QRW�UHMHFWHG�

������ %HFDXVH�U �d����IRU�Q� �����UHMHFW�+��

������ =�� �������3�YDOXH� ���������8VLQJ�WKH�FRQWLQXLW\�FRUUHFWLRQ�=�� �������3�YDOXH� ������

������ =�� ��������3�YDOXH� ����������8VLQJ�WKH�FRQWLQXLW\�FRUUHFWLRQ�=�� �������3�YDOXH� �������
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G�� � �E P !   �3 5 � � �����_ � ���7KHUHIRUH��5��KDV�D�ELQRPLDO�GLVWULEXWLRQ�ZLWK�S �������DQG�Q� ����ZKHQ�
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������ 3�YDOXH� ��3�5��d��_S ����� ����������7KH�H[DFW�S�YDOXH�FRPSXWHG�KHUH�DJUHHV�ZLWK�WKH�QRUPDO�
DSSUR[LPDWLRQ�LQ�([HUFLVH�������LQ�WKH�VHQVH�WKDW�ERWK�FDOFXODWLRQV�ZRXOG�OHDG�WR�WKH�UHMHFWLRQ�RI�+����7KH�

FRQWLQXLW\�FRUUHFWLRQ�LPSURYHV�WKH�DFFXUDF\�RI�WKH�QRUPDO�DSSUR[LPDWLRQ�

6HFWLRQ�����

������ 6DPSOH�PHGLDQ� ��������Z� �������Z� ����UHMHFW�+�

������ %HFDXVH�Z� ������!�����GR�QRW�UHMHFW�+�

������ )URP�H[HUFLVH��������=�� ���������3�YDOXH ��������GR�QRW�UHMHFW�+�

������ %HFDXVH�Z� ���������UHMHFW�+�

������ %HFDXVH�Z� ������!����GR�QRW�UHMHFW�+�

������ %HFDXVH�Z� ������������UHMHFW�+�

������ %HFDXVH�Z� ������!����GR�QRW�UHMHFW�+�

������ %HFDXVH�Z� ���������UHMHFW�+�

6HFWLRQ�����

������ %HFDXVH�Z�� ����!�Z������ ����GR�QRW�UHMHFW�+�

������ 6HW�Z PLQ�Z���Z����%HFDXVH�Z� ����!�Z����� ������GR�QRW�UHMHFW�+�

������ 6HW�Z PLQ�Z���Z����%HFDXVH�Z� ������Z����� ������UHMHFW�+�

������ =�� ��������3�YDOXH� ������

������ =�� �������DQG�3�YDOXH� ������

������ 6HW�Z PLQ�Z���Z����%HFDXVH�Z� ������Z����� ������UHMHFW�+�

������ 6HW�Z PLQ�Z���Z����%HFDXVH�Z� �����!�Z����� ������GR�QRW�UHMHFW�+�

������ =�� �������3�YDOXH� ������

������ =�� �������3�YDOXH� ������

6HFWLRQ�����

������ Kruskal-Wallis Test on strength
mixingte    N    Median   Ave Rank         Z
1           4      2945        9.6      0.55
2           4      3075       12.9      2.12
3           4      2942        9.0      0.24
4           4      2650        2.5     -2.91
Overall    16                  8.5
H = 10.00  DF = 3  P = 0.019
H = 10.03  DF = 3  P = 0.018 (adjusted for ties)
* NOTE * One or more small samples
5HMHFW�+�
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������ Kruskal-Wallis Test on strength
method      N    Median   Ave Rank         Z
1           5     550.0        8.7      0.43
2           5     553.0       10.7      1.65
3           5     528.0        4.6     -2.08
Overall    15                  8.0
H = 4.83  DF = 2  P = 0.089
H = 4.84  DF = 2  P = 0.089 (adjusted for ties)
'R�QRW�UHMHFW�+�

������ Kruskal-Wallis Test on angle
manufact    N    Median   Ave Rank         Z
1           5     39.00        7.6     -1.27
2           5     44.00       12.4      0.83
3           5     48.00       15.8      2.31
4           5     30.00        6.2     -1.88
Overall    20                 10.5
H = 8.37  DF = 3  P = 0.039
'R�QRW�UHMHFW�+�

������ Kruskal-Wallis Test on UNIFORMI
FLOW        N    Median   Ave Rank         Z
125         6     3.100        5.8     -2.06
160         6     4.400       13.0      1.97
200         6     3.800        9.7      0.09
Overall    18                  9.5
H = 5.42  DF = 2  P = 0.067
H = 5.44  DF = 2  P = 0.066 (adjusted for ties)
'R�QRW�UHMHFW�+�

������ 3�YDOXH� ��������XVH�WKH�FKL�VTXDUH�GLVWULEXWLRQ�

������ 3�YDOXH� ���������XVH�WKH�FKL�VTXDUH�GLVWULEXWLRQ�

6XSSOHPHQWDO�([HUFLVHV

������ %HFDXVH�Z� ���!�Z����� ����GR�QRW�UHMHFW�+�

������ Sign test of median = 10.00 versus  not =  10.00
               N  Below  Equal  Above         P     Median
y             10      5      0      5    1.0000      10.01
8VLQJ�FRQWLQXLW\�FRUUHFWLRQ��3�YDOXH ������

������ Sign test of median = 6.000 versus  <  6.000
               N  Below  Equal  Above         P     Median
y             15      9      2      4    0.1334      4.000
'R�QRW�UHMHFW�+�

������ =�� ��������3�YDOXH �������XVLQJ�WKH�FRQWLQXLW\�FRUUHFWLRQ��3�YDOXH� ������

������
test1      N =   8     Median =      1.4000
test2      N =   8     Median =      1.6500
Point estimate for ETA1-ETA2 is     -0.2000
95.9 Percent CI for ETA1-ETA2 is (-0.4999,0.1001)
W = 53.5
Test of ETA1 = ETA2  vs  ETA1 not = ETA2 is significant at 0.1415
The test is significant at 0.1377 (adjusted for ties)
Cannot reject at alpha = 0.05
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������
Test of median = 10.00 versus median not = 10.00
                N for   Wilcoxon           Estimated
             N   Test  Statistic        P     Median
y           10     10       28.5    0.959      10.00
'R�QRW�UHMHFW�+�

������
Test of median = 6.000 versus median < 6.000
                N for   Wilcoxon           Estimated
             N   Test  Statistic        P     Median
y           15     13       19.0    0.035      5.000
5HMHFW�+�

������ 3�YDOXH� �3�5��t���_S ����� ����������ZKHUH�5��LV�WKH�QXPEHU�RI�GLIIHUHQFHV�;EHIRUH���;DIWHU

������ 6HW�Z PLQ�Z���Z�����%HFDXVH�Z� ����������UHMHFW�+�

������ =�� �������3�YDOXH� �����������5HMHFW�+�

������ =�� �������5HMHFW�+�

������ )URP�H[HUFLVH��������=�� �������3�YDOXH� �3�=!������ ��

������ Kruskal-Wallis Test on RESISTAN
ALLOY       N    Median   Ave Rank         Z
1          10     98.00        5.7     -4.31
2          10    102.50       15.3     -0.09
3          10    138.50       25.5      4.40
Overall    30                 15.5

H = 25.30  DF = 2  P = 0.000
H = 25.45  DF = 2  P = 0.000 (adjusted for ties)
5HMHFW�+�

������
Kruskal-Wallis Test on SCORE
METHOD      N    Median   Ave Rank         Z
1           8     23.50       15.1      1.29
2           8     21.75        8.1     -2.14
3           8     23.05       14.3      0.86
Overall    24                 12.5
H = 4.66  DF = 2  P = 0.098
H = 4.66  DF = 2  P = 0.097 (adjusted for ties)
'R�QRW�UHMHFW�+�

������
Kruskal-Wallis Test on VOLUME
TEMPERAT    N    Median   Ave Rank         Z
70          5      1245       12.4      2.69
75          5      1220        7.9     -0.06
80          5      1170        3.7     -2.63
Overall    15                  8.0
H = 9.46  DF = 2  P = 0.009
H = 9.57  DF = 2  P = 0.008 (adjusted for ties)
5HMHFW�+�
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������ D�����VHTXHQFHV�DUH�SRVVLEOH

E��%HFDXVH�HDFK�VHTXHQFH�KDV�SUREDELOLW\������XQGHU�+���WKH�GLVWULEXWLRQ�RI�:
�LV�REWDLQHG�E\�FRXQWLQJ�WKH�

����VHTXHQFHV�WKDW�UHVXOW�LQ�HDFK�YDOXH�RI�:

������ E�

Z � � � � � � � � � � �� �� �� �� �� ��

3URE���� � � � � � � � � � � � � � � � �

F��3�Z�!����� �����

G��%\�HQXPHUDWLQJ�WKH�SRVVLEOH�VHTXHQFHV��WKH�SUREDELOLW\�WKDW�:�H[FHHGV�DQ\�YDOXH�FDQ�EH�FDOFXODWHG�XQGHU�

WKH�QXOO�K\SRWKHVLV�DV�LQ�SDUW��F����7KLV�DSSURDFK�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�FULWLFDO�YDOXHV�IRU�WKH�WHVW�
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9,,��� D��Analysis of Variance for Force
Source         DF         SS         MS       F      P
Primer          2     4.5811     2.2906   19.00  0.050
Appl            1     4.9089     4.9089   40.72  0.024
Primer*Appl     2     0.2411     0.1206    1.47  0.269
Error          12     0.9867     0.0822
Total          17    10.7178
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9,,��� Source              DF         SS         MS       F      P
Machine              3     24.333      8.111    1.36  0.340
Operator             2     26.333     13.167    2.21  0.190
Machine*Operator     6     35.667      5.944    1.59  0.234
Error               12     45.000      3.750
Total               23    131.333

:LWK�RSHUDWRUV�UDQGRP��WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�DPRQJ�RSHUDWRUV�RU�PDFKLQHV�

9,,��� Source               DF         SS         MS       F      P
operator              2    0.01005    0.00503    0.07  0.937
engineer              1    0.04688    0.04688    0.62  0.512
operator*engineer     2    0.15005    0.07503    1.26  0.350
Error                 6    0.35785    0.05964
Total                11    0.56483

Source               Variance Error Expected Mean Square
                    component  term (using unrestricted model)
 1 operator          -0.01750   3   (4) + 2(3) + 4(1)
 2 engineer                     3   (4) + 2(3) + Q[2]
 3 operator*engineer  0.00769   4   (4) + 2(3)
 4 Error              0.05964       (4)
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9,,��� Source               DF         SS         MS       F      P
furnacep              1       7160       7160   17.50  0.053
temperat              2     945342     472671 1155.52  0.001
furnacep*temperat     2        818        409    0.91  0.427
Error                12       5371        448
Total                17     958691

Source               Variance Error Expected Mean Square
                    component  term (using unrestricted model)
 1 furnacep            750.11   3   (4) + 3(3) + 9(1)
 2 temperat                     3   (4) + 3(3) + Q[2]
 3 furnacep*temperat   -12.83   4   (4) + 3(3)
 4 Error               447.56       (4)
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9,,��� Source               DF         SS         MS       F      P
operator              2    0.01005    0.00503    0.07  0.937
engineer              1    0.04688    0.04688    0.62  0.512
operator*engineer     2    0.15005    0.07503    1.26  0.350
Error                 6    0.35785    0.05964
Total                11    0.56483

Source               Variance Error Expected Mean Square
                    component  term (using unrestricted model)
 1 operator          -0.01750   3   (4) + 2(3) + 4(1)
 2 engineer          -0.00469   3   (4) + 2(3) + 6(2)
 3 operator*engineer  0.00769   4   (4) + 2(3)
 4 Error              0.05964       (4)
7KH�$129$�WDEOH�LV�VKRZQ�DERYH��7KH�FRQFOXVLRQV�GR�QRW�GLIIHU�IURP�([HUFLVH�9,,����1R�HIIHFWV�DUH

VLJQLILFDQW�
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