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Homework assignment

March 19, 2015

Every student has to solve (through a program in R that answers the
questions, and a report in PDF) the problems using the dataset individually
assigned to each student. The R program has to be sent, through e-mail to
Andrea Pugliese pugliese@science.unitn.it and Michele Filosi filosi@fbk.eu.
The report must include a clear answer to the questions asked, and some
graphs (plus comments to the program, if useful); it can be sent via e-mail
(in some readable format) or handed in paper.

Both parts have to arrive at least by March 30 for the colloquium to be
held between April 1 and 8 (two dates will be set in that period). Those who
do not send the report in time can have the colloquium in the normal exam
dates, from June onwards.

1 Problem 1

1.1 Dataset Description

Each record represents follow-up data for one breast cancer case. These are
consecutive patients seen by Dr. Wolberg since 1984, and include only those
cases exhibiting invasive breast cancer and no evidence of distant metastases
at the time of diagnosis.

The first 30 features are computed from a digitized image of a fine needle
aspirate (FNA) of a breast mass. They describe characteristics of the cell
nuclei present in the image.

1. Outcome (R = recur, N = nonrecur)

2. Time (recurrence time if field 2 = R, disease-free time if field 2 = N)
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3. From field 3 to 32: Ten real-valued features (listed below) are computed
for each of 3 cell nuclei:

(a) radius (mean of distances from center to points on the perimeter

(b) texture (standard deviation of gray-scale values)

(c) perimeter

(d) area

(e) smoothness (local variation in radius lengths)

(f) compactness (perimeter2 / area - 1.0)

(g) concavity (severity of concave portions of the contour)

(h) concave points (number of concave portions of the contour)

(i) symmetry

(j) fractal dimension (“coastline approximation” - 1)

4. Field 33: Tumor size - diameter of the excised tumor in centimeters

5. Field 34: Lymph node status - number of positive axillary lymph nodes
observed at time of surgery

1.2 Task

1. Explore and describe the dataset

2. Produce exploratory plots to support further analysis.

3. Predict Time To Recur (field 3 in recurrent records)

• Starting from the null model find out the most significant features
for predicting time to recurrence. Consider different methods for
model choice (various criteria, cross-validation, . . . ).

• Consider also polynomial models and variable transformations in
order to increase the accuracy of the model.

• Produce diagnostic plots for the chosen model.

2 Problem 2

Perform one of the 2 following tasks
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2.1 Task a)

Consider the above dataset and consider prediction of field 2, outcome: R =
recurrent, N = nonrecurrent

• The dataset should first be filtered to reflect a particular endpoint;
e.g., recurrences before 24 months = positive, nonrecurrence beyond
24 months = negative (different times can be tried).

• Use the previous model to predict outcome (namely, if 24 months is
chosen for the endpoint, see when Time to Recurrence is predicted
below 24 months) and report accuracy of the resulting prediction.

• Use Generalized Linear Models to create a classification model for out-
come.

• Report diagnostic plots for the chosen model and summary statistics
of model performances.

2.2 Task b)

Use R first to generate a dataset, then to find the best linear model for that
dataset.

The script should start with the lines

nmat <- xxx

set.seed(nmat)

a1 <- round(runif(1,-1,1),2)

a2 <- round(runif(1,1,2),2)

b1 <- round(runif(1,1,3),2)

b2 <- round(runif(1,2,5),2)

c <- round(runif(1,3,7),2)

where xxx is your ID (“numero di matricola”).
Then you should create a variable X1 that takes 100 values regularly

spaced between 0.1 and 10; a factor variable X2 that has 60 values equal
to ‘1’ and 40 equal to ‘2’, but in such a way that the distribution of X1
is roughly independent of whether X2 = 1 or X2 = 2 (to be clear, you
shouldn’t have X1 between 1 and 6 when X2 = 1 and between 6 and 10
when X2 = 2).

Finally you should create

Y = ai + bi
X1

X1 + c
+ E

where
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• ai, bi (i = 1, 2) and c are the numbers obtained with the first lines of
the script;

• one should choose a1 or a2, b1 or b2 according to the value of X2;

• E are random numbers independent of each other that follow the nor-
mal distribution of mean 0 and std. deviation 0.5.

You should then apply a linear model to Y in terms of X1 and X2 possible
considering interaction between the two variables and polynomial models in
X1.

Once the ‘best’ model has been chosen plot the data in the (X1, Y )-plane
using a different colour according to the value of X2, together with a plot of
the chosen model (either a single one, if no significant effect of X2 has been
found, or two plots, one for each value of X2, if X2 has been included in the
model).
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