Multilevel Discrete-time Event History Analysis

QMSS Summer School, Paris, August 2009

Multilevel Models for Recurrent Events and Unobserved Heterogeneity Using MLwiN
Solutions to Further Exercises
	Exercise 1: Adding more covariates
Add the remaining variables (order, previous and mardur) to the model, retaining month, age and a random coefficient for month_1.  Test the significance of each effect.  Next interpret the magnitude of each effect by calculating predicted probabilities of conception for different values of the covariates (using Customised Predictions).


Suppose we start by adding order, assuming a linear effect:
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We can test the significance of fixed part parameters (i.e. coefficients of covariates) using a simple t-test or normal test, based on comparing the ratio of the estimate to its standard error with the standard normal distribution.  Here the Z-ratio is -0.040/0.037 = -1.08.  Recalling that the critical value for a two-sided test at the 5% level is 1.96, we cannot reject the null that the coefficient of order is zero.  We could at this point remove order from the model, but we will retain it for now.  Before eliminating order, we should also consider nonlinear effects, e.g. by treating order as categorical, perhaps after grouping. It is also possible that, although the main effect is non-significant, an interaction could be significant.  We will test for an interaction between order and month in the next exercise.  

Adding previous to the model gives the following results.
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The z-ratio is 0.477/0.175 = 2.73 which is significant at the 5% (and the 1%) level.  We find that the experience of a previous child death increases the odds of a subsequent conception.

Finally, we add mardur and we start by assuming a linear effect as for order: 
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Although there is a suggestion that the probability of conception declines with marriage duration, the effect of mardur is not significant at the 5% level.  However, we might expect that any decline with marriage duration would flatten off, rather than decrease linearly.  To fit a quadratic in mardur:
	Click on mardur in the Equations window, then Modify Term
Check polynomial and change poly degree from 1 to 2
Click Done
You should find that mardur has been replaced by mardur^1 and mardur^2 (mardur-squared) has been added to the model

Click More to fit the model


[image: image4.png]N Equations

conceive, ~ Binomial(cons,, 7,)

logit(,) = Bycons + gymonth_L, +-0.203(0.298)month_2, +0.140(0.299)month_3,,+ -0.216(0.360)month_4, +
-0.023(0.025)age, +0.082(0.054)order, +0.404(0.173)previous, + -0.125(0.045mardur™,, +
0.002(0.001mardur"2,

oy =-0.662(0.632) + 11y,

By =-0.939(0.310) +u,,

uy, -0.133(0.088) 0.745(0.198)

|:unj:| SN Q) : 0= [0.210(0.061) ]

var(conceive,| ) = 7,(1 - 7,)/cons,

Wame | + | - | Add Term| Estimates | Nonlinear | Clear | Motation |Responses | Store.




Both mardur terms are significant and the positive effect of mardur^2 suggests that the negative effect of marital duration on the probability of conception does indeed flatten off at higher durations.  Note that you could try fitting a quadratic effect of order too.
We will interpret this model by calculating predicted probabilities for different values of previous and mardur using Customised predictions.  
From the Names window, we see that mardur ranges from 0 to 28.  You can calculate descriptive statistics for mardur using Basic Statistics -> Averages and Correlations.  The mean of mardur is 9 and the standard deviation is 6.  The following predictions are for the mean of mardur and 1 standard deviation below and above the mean, and both values of previous (0 and 1).  We fix month_2 at 1 and other month dummies at 0, so predictions are for 6-11 months after the birth of the last child.  (Note that we could have chosen any month category – the pattern in probabilities would have been the same because the model does not include any interactions with month.)

Use Change Range to add and remove values of covariates that you wish to calculate predictions for.  To get predictions for only category 2 of month, click Change Range, check category and check only month_2. 
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	Exercise 2: Testing the proportional hazards assumption

Test the proportional hazards assumption by considering two-way interactions between month and each of the covariates (age, order, previous and mardur).  

Test each interaction in turn (i.e. one at a time) and remove any non-significant interaction from the model before testing the next one.  Interpret any significant interaction effects by calculating predicted probabilities.


The instructions for fitting a two-way interaction between month and age were given in the MLwiN Exercise handout.  Extending the model fitted at the end of Exercise 1 gives:
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None of the month × age terms are significant, so we shall remove them from the model. Click on any term and respond ‘yes’ to the prompt about removing all 4 terms from the model.
We next consider a month × order interaction.
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Once again, none of the interaction terms are significant.  We remove month × order and consider month × previous.
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Notice that the coefficients of month_3.previous and month_4.previous are exactly zero, suggesting that there are some cells in the interaction with no observations.  We can confirm this by looking at a cross-tabulation of month and previous (Basic Statistics -> Tabulate).  Choosing previous as the column variable and month as the row variable gives the following output.  As suspected, there are no cases where the previous child died within one year of birth and the mother was exposed to the risk of conception for longer than 24+ months.  Presumably all women who experienced a child death conceived again within 2 years of the birth of the last child.

Columns are levels of previous     

Rows are levels of month        

                    0          1     TOTALS

month_1   N         3727        214       3941

month_2   N         2441        114       2555

month_3   N         1301         45       1346

month_4   N          277          0        277

month_5   N          242          0        242

  TOTALS         7988        373       8361
We will therefore refit the model taking month_1 as the reference (click on one of the interactions and then Modify Term).
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None of the interactions are significant, so remove month × previous and test the final interaction between month and mardur.
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Again, none of the interactions are significant so we will revert to the main effects model.

	Exercise 3: Testing for further random coefficients

Try adding a random coefficient for month_2.  Test the significance of the added parameters.  Then use the Variance function window to calculate the between-family variance for 0-5 months (month_1=1, month_2=0), 6-11 months (month_1=0, month_2=1) and 12+ months (month_1=0, month_2=0).


Starting from the main effects model fitted at the end of Exercise 2 (after finding no interactions between month and any covariate), add a random coefficient for month_2 to get the following model:
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Including this random coefficient has led to the addition of 3 new parameters (the bottom row of the 
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 matrix).  We can carry out a joint significance test of the null hypothesis that all 3 parameters are zero using Intervals and tests.  The terms we wish to test are labelled month_2/cons, month_2/month_1 and month_2/month_2.
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Using Basic Statistics -> Tail Areas the p-value for a test statistic of 11.367 on 3 d.f. is 0.010, so we reject the null hypothesis that all new random part parameters are zero and retain the random coefficient for month_2 in the model.

Fill out the Variance function screen as follows to compute the between-woman variance for 0-5 months, 6-11 months and 12+ months. (Remember to change level to family.)
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We find that the between-woman variance in the probability of conception is highest for 0-5 months, lowest for 6-11 months, then increases again for 12+ months.
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