Calculating p( coefficients in DIGRAM.

Svend Kreiner
1 Introduction
p( coefficients measuring pseudo ordinal association among nominal or partially ordered variables are defined in Siersma and Kreiner (2006). The purpose of this note is to describe the implementation of analysis by p( coefficients in DIGRAM (Kreiner, 2003). 

2 Before the analysis starts
The p( coefficient measures the conditional association between two variables given a specific set of control variables and therefore requires a table containing the two variables of interest and the control variables. The p( coefficients may be calculated for tables already defined in DIGRAM or in tables defined by global Markov (separation) properties. If you want to calculate the p( coefficient for a specific set of control variables or if you want to measure the marginal association between the variables you have to create the table before the p( analysis is invoked.
Siersma and Kreiner (2006) show how the p( coefficients may be used to test hypotheses of conditional independence and also demonstrate that this test may be more powerful than the conventional tests of conditional independence in loglinear models. The p-values of the p( coefficients have to be estimated by Monte Carlo methods as described in Kreiner (1987). Before you start the analysis you therefore have to set up DIGRAM for exact tests as described in Kreiner (2003, p. 46).
3 Invoking calculation of p( coefficients
We use data containing repeated measurement of health related variables for males at ages 40, 45 and 51.  The graphical model fitting the data is shown in Figure 1.
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Figure 1. Graphical model for repeated measurement of smoking, Self reported Health, Tiredness, Work problems and Family problems.

The marginal association Smoking at 45 and Health at 51 is shown in Table 1. Smoking is defined as an ordinal variable with five categories with “Never smoked” at one end followed by “Smokes no more” and smoking more that 24 cigarettes pr. Day at the other end. Notice the gamma coeffici​ent is highly significant whereas the chi-squared statistic is insignificant illustrating the poor power of the chi squared statistic. 
Defining smoking as an ordinal variable is natural, but one may question whether the two first categories are placed in the correct order. We will try to answer that question by an analysis by p( coefficients.

     + SMOKE45

     | | B:HEALTH51              |

     J | V.goo  Good  Fair   Bad | TOTAL |

-------+-------------------------+-------+

 Never |    16    73     6     1 |    96 |

   row%|  16.7  76.0   6.3   1.0 | 100.0 |

 No mo |    15    75     6     0 |    96 |

   row%|  15.6  78.1   6.3   0.0 | 100.0 |

  1-14 |    13    59     7     1 |    80 |

   row%|  16.3  73.8   8.8   1.3 | 100.0 |

 15-24 |    10    81    17     3 |   111 |

   row%|   9.0  73.0  15.3   2.7 | 100.0 |

   25+ |     1    29     3     1 |    34 |

   row%|   2.9  85.3   8.8   2.9 | 100.0 |  X² =  16.2

-----------------------------------------+  df =  12

 TOTAL |    55   317    39     6 |   417 |   p = 0.182

   row%|  13.2  76.0   9.4   1.4 | 100.0 | Gam =  0.24

-----------------------------------------+   p = 0.000

Before the analysis starts we select exact conditional tests by either an “EXA 400” or an “REP 400” command.
To invoke the p( analysis you must then use the command

PGAMMA <two variables>

“PGAMMA BJ” then activates the dialog form shown in Figure 2 where the first row presents the variables and the second row shows the restrictions concerning the order of the categories. Since both variables are defined as ordinal variables the order of the variables is completely fixed.
We want to examine whether the order of the smoking categories is correct and therefore delete the order restrictions of the smoking variable as shown in Figure 3 such that the analysis will regard Smoking as a nominal variable.

Note also, that the current two-way table has been selected. If this is deselected, the program will first find the separators of the two variables in the graph and then use the multidimensional table with the two variables and the separators for the analysis.
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Figure 2. The start of the p( analysis of the association between health and smoking
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Figure 3. The setup for the p( analysis with no restrictions on the order of the smoking categories.

To check that the analysis can be performed you must press the “Check setup” button. In this case the setup permit permutation of the smoking categories may be permuted. The “Run” button is consequently enabled.

The result of the analysis is shown below.


Figure 4. p( analysis with Smoking as a nominal variable

The p( analysis starts with the conventional test of marginal or conditional independence. The ( coefficient in this case is highly significant (p = 0.005)

The estimate of the p( follows next. It appears as if the categories actually are in the correct order relative to health. 

Finally, the significance of the p( is assessed. The MC estimate of the median of  p( under independence is equal to 0.132 and the estimate of the exact p-value, P(p( ≥ 0.243) = 0.033. 

In the previous analysis we treated smoking as a nominal variable. The proper analysis should treat smoking as a partially ordered variable where the only open question is the order of the two first categories. The setup for this analysis is shown in Figure 5. The part of the result of the analysis departing from the results in Figure 4 is shown in Figure 6
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Figure 5. Order restrictions for an analysis of the order of the two first categories.
The p( obviously has the be the same as in the previous analysis because the categories of the smoking variable was in the correct order. Both the median and the p-value of  p( is closer to zero because fewer permutations of categories were permitted and the. The support for the conclusion of association between the two variables therefore is stronger even though the estimate of the strength of the association is the same. 


Figure 6. Analysis with smoking as a partially ordered variable.

If the current table is deselected at the start of the analysis, the program estimates the conditional association given the separators in the graph. The result when Smoking is treated as a nominal variable is shown in Figure 7.


Figure 7. p( analysis of the conditional association between smoking ad health given three separators.
The analysis in Figure 7 reorders the final two categories, but there is very little difference between the partial p( value and the partial ( reported by the initial test of conditional independence. The median p( is equal to 0.188 under conditional independence and the p-value is equal to 0.023.
The p-value of the partial p( should be compared to the p-value of the likelihood ratio test of conditional independence against a loglinear model assuming a two-factor interaction between smoking and health. The test against the two-factor model should in principle have better power against an alternative characterized by the same structure of dependence in all strata defined by the conditioning variables than the global (2 test reported at the top of the analysis. The increase is not enough for the likelihood ratio test to show that the association between smoking and health is significant. While it of course is obvious that the partial ( based on knowledge of the ordinal structure is more powerful than the p(, the results nevertheless demonstrates that the p( represent a considerable increase of power compared to conventional tests in loglinear models.
Rows will be permuted








The variables in the current table will be used during the analysis





Test of conditional independence before permutations





--------------------------------------------------------------------------------------


                         p-values                 p-values (2-sided)


Hypothesis       X²  df asymp exact               Gamma asymp exact               nsim


--------------------------------------------------------------------------------------


 1:B&J         16.2  12 0.182 0.213 (0.165-0.270)  0.24 0.001 0.005 (0.001-0.025)  400    ++ 


--------------------------------------------------------------------------------------


Benjamini Hochberg rejects if p <  0.025 for FDR = 0.05


                          and p <  0.005 for FDR = 0.01


Significance of 


X²        xx : FDR = 0.01    x : FDR = 0.05


Gamma  ++/-- : FDR = 0.01  +/- : FDR = 0.05


--------------------------------------------------------------------------------------








  +-------------------------------------------+


  |                                           |


  | Analysis of order by p-gamma coefficients |


  |                                           |


  +-------------------------------------------+





B - HEALTH51 is ordinal/binary. Categories from V.good to Bad





J -  SMOKE45 is a nominal variable





60 row permutations





Optimal order:   rows :  1  2  3  5  4








   Gamma =   0.243








  +----------------------------------------------------------------------+


  |                                                                      |


  | Optimal order of categories for J - SMOKE45 relative to B - HEALTH51 |


  |                                                                      |


  +----------------------------------------------------------------------+





            HEALTH51 categories


                     |V.good


                     |


 1    Never          |


 2  No more          |


 3     1-14          |


 5      25+          |


 4    15-24          |


                     |


                     |Bad








  +-------------------------------------------------+


  |                                                 |


  | Evaluation of significance by Monte Carlo tests |


  |                                                 |


  +-------------------------------------------------+





   Median gamma under independence =  0.132





    p =   0.033   nsim = 400





    Test against two-factor alternative:  LR =   18.1   p =   0.160











Rows will be permuted








Restricted permutation of rows





 0 1 1 1 1


 1 0 1 1 1


 0 0 0 1 1


 0 0 0 0 1


 0 0 0 0 0











  +------------------------------------------------+


  |                                                |


  | Analysis of order by pseudo gamma coefficients |


  |                                                |


  +------------------------------------------------+





B - HEALTH51 is ordinal/binary. Categories from V.good to Bad





J -  SMOKE45 is a nominal variable





2 row permutations





Optimal order:   rows :  1  2  3  4  5








   Gamma =   0.242








  +----------------------------------------------------------------------+


  |                                                                      |


  | Optimal order of categories for J - SMOKE45 relative to B - HEALTH51 |


  |                                                                      |


  +----------------------------------------------------------------------+





            HEALTH51 categories


                     |V.good


                     |


 1    Never          |


 2  No more          |


 3     1-14          |


 4    15-24          |


 5      25+          |


                     |


                     |Bad








  +-------------------------------------------------+


  |                                                 |


  | Evaluation of significance by Monte Carlo tests |


  |                                                 |


  +-------------------------------------------------+





   Median gamma under independence =  0.072





    p =   0.003   nsim = 400





    Test against two-factor alternative:  LR =   18.1   p =   0.140








Rows will be permuted





--------------------------------------------------------------------------------------


                         p-values                 p-values (2-sided)


Hypothesis       X²  df asymp exact               Gamma asymp exact               nsim


--------------------------------------------------------------------------------------


 1:B&J|AGH     72.4  60 0.130 0.213 (0.165-0.270)  0.33 0.001 0.002 (0.000-0.021)  400    ++ 


--------------------------------------------------------------------------------------








  +------------------------------------------------+


  |                                                |


  | Analysis of order by pseudo gamma coefficients |


  |                                                |


  +------------------------------------------------+





B - HEALTH51 is ordinal/binary. Categories from V.good to Bad





J -  SMOKE45 is a nominal variable





60 row permutations





Optimal order:   rows :  2  1  3  5  4








   Gamma =   0.341








  +----------------------------------------------------------------------+


  |                                                                      |


  | Optimal order of categories for J - SMOKE45 relative to B - HEALTH51 |


  |                                                                      |


  +----------------------------------------------------------------------+





            HEALTH51 categories


                     |V.good


                     |


 2  No more          |


 1    Never          |


 3     1-14          |


 5      25+          |


 4    15-24          |


                     |


                     |Bad





  +-------------------------------------------------+


  |                                                 |


  | Evaluation of significance by Monte Carlo tests |


  |                                                 |


  +-------------------------------------------------+





   Median gamma under independence =  0.188





    p =   0.023   nsim = 400





    Test against two-factor alternative:  LR =   14.7   p =   0.370
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