1. [bookmark: _GoBack]What comparisons do the reported parameter estimates correspond to? Calculate the
estimate for the difference between the effect of lime sulphur at 600 and 6000ppm.
Compute the standard error of this estimate and hence obtain a 95% confidence interval
for the true value. What do you notice about this interval and interpret?
model <- glm(cbind(dead, alive) ~ conc, family=binomial)
summary(model, correlation=T)
The reported parameter estimates correspond to log-odds of conc60, con600 and con6000 concertation levels of lime with respect to the control concertation. 
The estimate for the difference between the effect of lime sulphur at 600 and 6000ppm is given as the difference between the two log-odds 2.3131- 2.1795 = 0.1336.

The standard error of this estimate is  = 1.5673 and hence obtain a 95% confidence interval for the true value is;
Lower 95% CI = 0.1336 – 1.96x1.5673 = -2.9383,
Upper 95% CI = 0.1336 + 1.96x1.5673 = 3.2055,
CI = (-2.9383, 3.2055)

Since the interval for log-odds crosses zero (interval lies on both sides of zero on a real number line), the 95% CI of odds lies on the positive side of a real number line, implying that the estimate for the difference between the effect of lime sulphur at 600 and 6000ppm is statistically significant at 95% level of confidence. 

2. In a study of contraceptive use, a sample of married, fertile women were asked whether
they used contraceptives (using) or not (notUsing). They were also asked if they
wanted more children (noMore) and their age (Age) was recorded. The results of fitting
logistic regression models to these data are given in the following extract.
fit0<-glm(cbind(using, notUsing)~1, family=binomial, data=cuse)
fita<-glm(cbind(using, notUsing)~age, family=binomial, data=cuse)
fitN<-glm(cbind(using, notUsing)~noMore, family=binomial, data=cuse)
fit2<-glm(cbind(using, notUsing)~age+noMore, family=binomial, data=cuse)
fit3<-glm(cbind(using, notUsing)~age*noMore, family=binomial, data=cuse)
anova(fit0,fita,fitN,fit2,fit3) 
summary(fit3)
(a) Interpret each of the models that have been fitted. Construct analysis of deviance
tables and use appropriate tests to select and justify an adequate model.
fit0: This is the null/univariate binary logistic regression model, i.e. model without predictors. 
fita: This is the bivariate binary logistic regression model with age (age) as the only predictor of use of contraceptives. 
fitN: This is the bivariate binary logistic regression model with wanting more children (noMore) as the predictor of use of contraceptives. 
fit2: This is the multivariate binary logistic regression model with age (age) and wanting more children (noMore) as the predictors of use of contraceptives.
fit3: This is the multivariate binary logistic regression model with age (age) and wanting more children (noMore) and the interaction effect of age and noMore as the predictors of use of contraceptives 
(b) For the model with the interaction term fitted, test if this interaction is significant.
The interaction effect of age and noMore has a log-odd of 0.04752 which is statistically significant at 95% lecel of confidence (p-value 0.00166). Since this p-value is less than 0.05, we reject the null hypothesis that there is no interaction effect and adopt the alternative hypothesis that indeed there is a significant interaction effect of age and noMore. This means that age and wanting more children or not simultaneously affect the use of contraceptives. 
3.  The following R analysis gives the results of fitting log-linear models to this 2 × 2 table.
fit<-glm(count~fenterol*death,family=poisson)
anova(fit) 
summary(fit)
(a)  Use the output to test the association between fenterol and death, carefully
stating the hypotheses and their interpretation.
Null hypothesis: There is no association between drug fenterol and death of asthma patients.
Alternative hypothesis: There is an association between drug fenterol and death of asthma patients. 
Decision Rule: Reject the null hypothesis if p-value is less than 0.05.
Since the p-value is 0.0000000035 which is less than 0.05, we comfortably reject the null hypothesis and conclude that the drug fenterol is significantly associated with the death of asthma patients at 95% level of confidence.
(b) Using an appropriate model, calculate the fitted odds-ratio and an approximate
95% confidence interval for the true odds-ratio. Comment on this interval.
The estimate of the interaction effect (1.27418) is significant. Computing the exponential this estimate gives the odds ratio of 3.5757. Which lies between 2.342806 and 5.457609, computed as follows: -
exp(c(1.27418-1.96*0.21573, 1.27418+1.96*0.21573)) = (2.342806, 5.457609)
This interval lies on one side of zero on a real number line, implying significance yet again as had been found concluded from the p-value of the log-odds.
(c) Why is the deviance attributable to the main effect of fenterol zero?
Fenterol is not directly responsible for the variation in the counts of asthma patients, while death is, therefore there is no change in defiance of the model. However, fenterol is associated with the death of asthma patients which in turn is responsible for the variation in the number of asthma patients. 
4. The following data comes from a study of back-pain where the response is the patient’s
progress assessed on a four-point scale (w worse; s same; i improvement; r complete
recovery) three weeks after undergoing manipulation. The patients are also categorised
by the length of the previous pain attack (length: s short, l long) and whether they
suffer from lordosis, a form of spinal curvature, (lordosis: y yes, n no). An analysis of these data is presented in the following R log file. For the response
categorisation progress the same category (s) is used as the reference level.
## fit some models
bfit0<-glm(n~len*lordosis,family=poisson)
bfit1<-glm(n~len*lordosis+progress,family=poisson)
## look at parameter estimates
summary(bfit1)$coefficients[,1:2]
## fit some more models
bfit2<-update(bfit1,.~.+progress:lordosis)
bfit3<-update(bfit1,.~.+progress:len)
bfit4<-update(bfit1,.~.+progress:(len+lordosis))
## summary of model deviances and df
anova(bfit0,bfit1,bfit2,bfit3,bfit4)
# Coefficients from bfit2:
summary(bfit3)$coefficients[,1:2]
(a) What does each model correspond to in terms of the effect of length and lordosis
on the pain progress? Comment on the fit of each model.
bfit0: Poisson regression model with length of the previous pain attack (length), whether they
suffer from lordosis (lordosis) and the interaction effect of length and lordosis as the predictors of the number of back-pain patients. The model has a good fit.
bfit1: Poisson regression model with length of the previous pain attack (length), whether they
suffer from lordosis (lordosis), the interaction effect of length  and lordosis and the patient’s progress as the predictors of the number of back-pain patients. The model has a good fit.
bfit2: Poisson regression model with all variables in the data as well as the interaction effect of patient’s progress and whether they suffer from lordosis (lordosis), and the interaction effect of length and lordosis as the predictors of the number of back-pain patients. The model has a good fit.
bfit3: Poisson regression model with all variables in the data as well as the interaction effect of patient’s progress and length of the previous pain attack (length), and the interaction effect of length and lordosis as the predictors of the number of back-pain patients. The model has a good fit.
bfit4:  Poisson regression model with all variables in the data as well as the interaction effect of length and lordosis and interaction effect of progress and length the interaction effect of progress and lordosis as the predictors of the number of back-pain patients. This model is likely to over-fit.

(b) Which is the best model for these data? Justify your answer with appropriate
formal tests.
The simplest model is the one with smallest deviance, in this case bfit3 which gives:
1 - pchisq(7.398, 3) = 0.0602. We do not have enough evidence to conclude that the model is not true, therefore the model is a good fit.
(c) For your selected model, calculate the fitted proportions for each of the progress
categories for patients with a long previous pain attack, i.e. with len = l. How
do these relate to the above table of data?
The fitted/predicted proportions are: 
	 
	Progress

	Length
	Lordosis
	worse
	same
	improve
	recover

	Long 
	Yes
	0
	8
	10.6667
	7.33333

	Long
	No
	0
	4
	5.33333
	3.66667
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