
Short solutions to the exam in HMET5130 

Exercise a) (7p) 

 

Null hypothesis: βage=0 Alternative: βage ≠0 (1p). The effect is significant at 5% sig level, with p-

value<0.01 (1p). Using manual calculations, this can be seen by calculating the test statistic:  

0.343/0.108=3.18 (1p).  

From table of the normal distribution, the critical limits are +/-1.96. Hence, reject null hypothesis 

since the value of the test statistic is outside those limits (2p). Difference between a 52-year-old and 

a 73-year-old: This is the same as increasing age by 21 years. Hence, 0.343*21=7.14 points greater 

effect (2p). 

b)  (6p) 

 

The three treatment regimens can be identified from two dummy variables since all patients scoring 

0 on both the treatment2 and treatment3 dummy variables are receiving treatment 1. Patients in 

treatment 2 will have the combination 1-0 for the two dummy variables, whereas those in treatment 

3 will have the combination 0-1 (3p). Treatment 1 seems to be most effective, as the others have 



negative signs for their effect compared to treatment 1 (2p). The difference in effect between treats 

2 and 3 is 11.77-2.14=9.63 points higher score for treatment 3 (1p).  

c) (5p) 

 

 

The first regression says that effect increases by 0.000743 points per krone increase in treatment 

cost. (1p) In the second regression, the interpretation is per 1000 kroner increase (2p). The obvious 

advantage is that you avoid all the zeroes. As can be seen from the test statistic and p-value, both 

analyses are identical. It is only a rescaling of the data. (2p) 

d) (7p)  

 



There is an effect difference between males and females, the p-value is <0.01 and males have 3.18 

points lower effect on average (1p). The 95% confidence interval for the effect of gender would be:  

-3.19+1.96*1.18=(approx. -5.53 points, -0.85 points) (2p)  

The exact number of d.f. would be 120-1 (the constant)-2 (the coefficients)=117 (2p). There are no 

signs of gender being a confounder, since the coefficient for age is about the same after adjusting for 

gender as it was prior to the adjustment (2p). 

e) (4p) 

 

The coefficients for treatment are about the same also after adjustment, with treatment 2 scoring 11 

points lower and treatment 3 scoring 2 points lower (but the difference to treatment 1 no longer 

significant). But the effects are now adjusted for age and gender, and hence conditional on 

comparing patients of the same age and gender. (2p) It could be relevant to adjust for age and 

gender since the study is not randomized, as stated in the general info to the exercise. (2p) 

f) (4p) 



 

We can see that the gender distribution varies across the treatments (1p). From the regressions, it 

seemed like males had lower effects than females without adjusting for treatment. However, most of 

this difference was due to more males being on treatments 2 and 3, which seems to have lower 

effects than treatment 1. Hence, adjusting for this difference in treatment allocation reduces the 

difference between genders (3p). 

g) (7p) 

 

An interaction between age and cost would mean that the effect of cost on health would not be the 

same for young and old patients, and also the effect of age on health would not be the same for 

patients having small total costs as for those having large total costs (2p). The interaction effect is 

borderline significant, as the p-value for the interaction term is 0.048 (borderline significant) (1p). 

Using the model, the effect difference between a 75- and 60-year-old patient if their total treatment 

costs are 12000 kroner will be 0.777*(75-60)-0.000055*12000*(75-60)=1.68 points (2p) 



And the effect difference between a 75- and a 60-year-old patient if their total treatment costs are 

16000 kroner is: 0.777*(75-60)-0.000055*16000*(75-60)=-1.64 points (2p) 

h) (4p) 

 

The graph illustrates the interaction in terms of association between total costs and effect for young 

(green, <60 years) and old patients (red, >60 years) in the data separately. We see that the slope is 

steeper for the young patients. (2p) The fact that the lines are not parallel is an indication of the 

interaction effect. (2p) 

 

 



 

i) (6p) The histogram is for checking the assumption of normally distributed residuals of the 

regression model. This seems to be ok, there are no major discrepancies between the bars and the 

normal distribution included for comparison (1p). The rvfplot is for checking heteroscedasticity in the 

residuals. Moving along the x-axis, there should be no systematic patterns of increasing or decreasing 

variation in the residuals as a function of predicted values. This seems fairly ok in the plot (1p). 

Summarizing the findings, Treatment regimen 2 seems to be associated with a significantly smaller 

effect than treatments 1 and 3. For the latter two, there are no significant differences after adjusting 

for age, gender and cost. It seems like age could be associated with an increased effect (age will be 

significant without an interaction term with costs), whereas there are no associations to the other 

background variables. (4p) 

Grading: 0-19p=F 
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