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Logistic Regression Using R

Hello everyone, welcome back. In this lecture, we will learn to perform logistic regression
using R. Logistic regression is a classification method. And today what we will do, we will
try to classify tumour sample or rather images of tumour samples and we have and we are

going to classify them into either malignant tumour or non-malignant tumours.

Before I go into the details of how to perform it using the logistic regression in R, let me give
you a brief story behind this problem that we are dealing today. So, usually what people do,
people do a biopsy for a tumour sample, for example, the data set that I will be using is a
breast cancer data set. And here you have biopsy samples, and this biopsy sample pathologist

will look under the microscope.

And then what they are looking for, they are looking for aberrations in the shape and
morphology of cells and the types of different cells present there. Based on this information
and the knowledge they have, they usually will decide, they will flag whether the tumour is a

benign one, a nonmalignant one or a malignant one.

Nowadays, what are people are trying that if we can use machine learning to actually analyze

these microscopic images and decide automatically whether a particular tumour sample is



malignant or not. So, what I have done, | have downloaded a data set, I have given the link of
that data set in the script, you can download it, it is a breast cancer tumour biopsy data set and

it has lots of features.

What they have done? They have digitized these biopsy samples to microscopic images, and
then from each of these digitized images, they have extracted different features, lots of them,
for example, different features for morphology, area of the nucleus, radius of the nucleus, and
then they have other features like gray and strict texture and all these things. And all these

data are labelled, means they are labelled either as malignant or benign.

I have cleaned up the data and created a separate file a CSV file in that, and what I have kept,
I have kept these malignancy label. So, here I call one as a label that means the sample is
malignant, whereas, if the label is zero, that means the sample is benign or non-malignant,
and I have only kept two features from the data set one is the area of the nucleus, the mean
area of the nucleus of cells in that image, and the mean radius of a nucleus of cells in that

image.

So, based on these two, I will try to classify tumour sample either malignant or
non-malignant. Now, if you remember, during classification problem, it is what we do, we
usually divide data set into a training data set and a test data set. And that is what I have done,
I have randomly picked a handful of that data as a test data and kept that separate, I will
create the logistic regression model classifier using the training data set only which is large in
size, and then I will use it up on the test data. So, let us go into R studio and perform the

analysis.
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So, the first thing I will do, I will read that data and I will explain a bit. So, I have, as I said, I
have separated the data into training set and test set. So, I have a CSV file, train underscore
cancer dot CSV, I will read it using read dot CSV and assign that data to train variable. So, let
us check the train variable data. So, it is three column and it has 470 observation and you can

see the first column is mal, that is whether malignant or not, and it has the labels.

So, if it is 0, the first sample is 0, that means it is non-malignant, and when the third sample is
1, that means a malignant sample. And then the second column is the radius average radius of

the nucleus in that sample and the third variable is area, or average area of nucleus of the



cells in the sample. So, what I will do first I will try to classify these samples, whether they

are malignant or not malignant based on the area data only.

So, I will have binary classification with respect to one single predictor that is the area. So,
before I go into performing logistic regression for that, I want to plot the data so that we can

understand how you want to perform the logistic regression.



(Refer Slide Time: 5:18)

 rstudio - 0 X
Fle fdt Code View Pots Seson Bukd Debup Profle Took  Help

075 week 6R e[ Environment -
souceonSave | O #Run | O P Source - ol s AR R R 4
15 # Response variable - mal. 4 R | i} Global Environment »
16 # Predictors: rad (i.e. radius) and area
17
18 O train 470 obs. of 3 vari..
19~ # Read data
20
21 train <- read.csv("train_cancer.csv'")
2
23+ # Plot malignancy vs area data ----
24
25 plot(tpainSarea, trainmal, xlab = "Area", ylab = "Probabil
26 col = "red", pch = 1, cex = 2) Plots =0
27 = Export *
28 # Logistic regression to classify using area measure EED
42+ # Plot the regression Tine @ v
64+ ¢ »
257 | {3 Plot malignancy vs area data 3 R Script 3

Data

® R412 - Cydaby =0
> train <- read.csv("train_cancer.csv")

> view(train)

>

0
075 week 6R B PlotZoom 2 =0
Soury ak 4 List *
15 # Response
16 # Predicton
17
18 - 3 variables
19+ # Read data E -
20 2 o |
i T ©
g; train < reg
o ©
23+ # Plot malil & o
24 3 .
25 plot(traing's ¥ -
26 col =2 © =0
27 5 o 91y %
28+ # Logistic |8 ©
42+ # Plot the DE.
641 ¢ 1= S —mm@ Q 00) 0
2636 | [ Plot malignand : ‘ U
0.0 0.1 0.2 03 04
® R412 - Cydab/ m
> View(train) Area
> plot(trainfarea, 03 04
bility of being Malignant”, | |
+ col = "red", pch = 1, cex = 2) Area

>

Probabil

plot(train$area, train$mal, xlab = “Area”, ylab = “Probability”,

col =“red”, pch=1, cex =2)

So again, I am using the plot function and here it is, now, you must have learned how to plot
it. So, on the horizontal axis, you want the area and the vertical axis I want the mal variable
and I am labelling them and using color codes. So, let me plot it. So, if I zoom you can see,

see there is some sort of segregation of data.

So, on the vertical axis, what I have done, see that sample which are labelled as

non-malignant, they are 0, that means their probability of being malignant is 0. So, all those



samples are along these 0 lines, 0 vertical line, whereas those samples which are labelled
malignant, that means their probability of being malignant is 1. So that is why rather than
putting the vertical axis as label, what I am writing here is that the vertical axis is probability

of being malignant.

And that is what we do in logistic regression. If you want to recapitulate that, please go back
to the lecture of logistic regression that we have done earlier. So, if you look into the data 470
data, you can see that when the area is small, most of the majority of them are non-malignant,
whereas there is some overlap, but still majority of malignant tumours sample have larger
area, mean area of a nucleus. So, I want to fit some sort of sigmoidal logistic curve here, and

that is what I will perform using logistic regression.
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So, let me go back and now perform the logistic regression model. To perform logistic
regression, what I will do I will use the GLM function, this is called generalized linear model
function. And I will ask it to perform logistic regression. Now, just to remind you, in logistic

regression, what we have?

We have an equation which is called logistic equation which is equal to something like this P
the probability, in this case the probability of being malignant is equal to 1 divided by in
denominator you have 1 plus e to the power minus a plus b into x. So, this one is actually my

logistic equation and I want to fit this to the data.
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And what is unknown here, I have to calculate this a and b. If you do some sort of algebra,

you can easily rearrange the term and you can see that it will become a equal to, a plus b into

x equal to In of P divided by 1 minus P, P divided by 1 minus P is the odds, so, a plus b into x

is equal to log of or In of odd. So, I have to calculate this value of a and b from that data.
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So, how do I do that? As I said I will use the GLM function, generalized linear model
function. And I have to define certain arguments for that. Just like the linear model the first
thing I have to define, I have to define the model. So, what I have to define I have to define in
that case what is the dependent variable and what is the independent variable. So, the MAL
that is my dependent variable or response variable and after tilde I have written area, area

variable is the independent one. So, area is the x in this equation.
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What will be the data? Data will be my training data set that I have stored in train, and by
family I am written binomial. So, by writing family equal to binomial you are telling GLM
algorithm, GLM function, that see, you have to perform logistic regression. And this whole

result of logistic regression will be assigned and stored at in the model called logit dot area.
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So, if I execute it, I have executed it. And now, let me check the summary of the summary
output of that. So, just like any linear regression model, linear model we have created here,
here also we have the column for estimated values of coefficient, then statistical test data and

I will focus on those.
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So, the intercept a is equal to

minus 3.57, it has estimated and it has done a statistical test and the probability is very low, 2

e minus 16. So, that means this intercept is statistically significant one, the coefficient for

area the b, in my equation is equal to 34.7225 and it is also statistically significant. So that is

good enough for me to proceed.
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There is another interesting thing that it reports, it is called Akaike information criteria, AIC,

I will come to that later on, when I use that for model comparison. So, this is what we have

got. So that means I can say that it has performed logistic regression now, the both the



coefficient should be there, they are statistically significant. So now, I would like to plot this

model on an overlay on the original data.
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18 Data

19+ # Read data EED . 7 ‘
23» # Plot malignancy vs area data 0logit.. List of 30 Q

28+ # Logistic regression to classify using area measure EED Otrain 470 obs. of..
42+ # Plot the regression Tine ----
43
44 # Create vector for 'area'
45
46 av = seq(0,.4,0.01)
47
Plots
48 # create vector for 'probability' N - ==
49 A 2oom = Export ~ ¢

50 # use the logistic regression equation to
51 # calculate probability
52 #P=1/(1 + exp(-1(a + b*x)))
53
S84 a ¢~ coerf(lanit area)[["(Tntercent)"1]
46:12 | [ Plot the regression line & R Seript &

o
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® R412 - Cldaby =0 00 02 04

gim(formula = mal ~ area, family = "binomial", data = train)
Area

«

Probability of being Malign:

Deviance Residuals:

av =seq(0, 0.4, 0.01)

To do that, I will again have to create vectors, and I have to create the call the predict
function. So, what I will do? I will create a vector for input data. So, area is the input the
independent variables, I am creating av vector using the sequence function, where I am

setting a data set, creating a data set, starting from 0 to 0.4, why 0.4?
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Let us zoom into the figure, see, we have data up to around 0.4, something like that. So, I
want to create a list of data or vector of from 0 to 0.4 and with the increment of 0.01. So, 1
create av. Now, I will use this av, and I want to calculate the P. So, this x in this equation, this
is my logistic equation, I want to calculate P, I know the value of a and b, I calculated them
by a logistic regression, and this x. For x, I have decided different value and stored that here

n av.
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46 av = 5eq(0,0.4,0.0D e
47 av num [1:41] O ..
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54 a <- coef(logit.area)[["(Intercept)"]] 2
55 b <- coef(logit.area)[["area"]] §
56 o
57 v | &
522 Plot thi fonline & R Seript 3 S
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@R R412 - Cydaby =0 » 00 02 04
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46 av = 5q(0,0.4,0.0D) ra e
47 av num [1:41] 0 ..
48 # Create vector for 'probability’
49
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51 # calculate probability Plots =0
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53 (=
54 a <- coef(logit.area)[["(Intercept)"]] o
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52:26 | [ Plot the regression line & R Script & E P w
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a «— coef(logit.area)[[“(Intercept)”]]

b « coef(logit.area)[[“area”]]

So first, I have to get the a and b I could have copied and pasted, but I have tried to generalize
it so that if the value of a and b changes for regression to regression still, we can use the

script.
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av = seq(0,0.4,0.01)

# Create vector for 'probability’

# Use the logistic regression equation to
# calculate probability

52 #P=1/(1 + exp(-1(a + b*x)))

54 a < coef(logit.area) [["(Intercept)"]]

55 b < coéf(logit.area)[["area"]]
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> View(logit.area)

>

=0

¥ Source ~

-

R Seript &

=0

a

Environment -
Y iesmie -

1 Global Environment

" izl
R+
Data
0 logit.. List of 30
Otrain 470 obs. of..
values

av num [1:41] 0 ..

=
3
-4

=0

P 20om  Hegot + €

g p—

00 02 04

Area

Probability of being Malign:

So, what I am doing, see this logit model, if you look into it has lots of objects. So, in the

coefficient, if you call, see in the coefficient, there are two variables, named variable,

intercept and area. So, using the coefficient function, coef function, actually, I can fetch this

data from my model, and it will fetch both this thing intercept and area and then again, I can

from that, fetch intercept separately and area separately.
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So that is what I am doing here in this line of the script. I am using coef function to get the

coefficient from my logistic regression model that I just created. And from that I am fetching

only the data for the intercept variable. And it has written the name as in the round bracket

that is why I have to write the round bracket also here within the apostrophe.
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And the second line, I am facing data for b. How I am doing it? Again, I am using the
coefficient function and applying it on my logistic model that I have created. And I am
fetching only the area data. So, if I execute both of those, I get the value of a and b. Here, you

can see a is minus 3.5, b is 34.7.
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pv < 1/(1 —exp(-(a + b*av)))

So, now, I have got a and b. So, what I will do? I will create a vector, which will store the
value of P, and I will call that pv, and how I am doing that? So, I have I know the value of a
and b, so I have to give each value of this a v vector as input as x and calculate the

corresponding value of p using this equation. I can do that one by one.

But I have almost 40 data points. So that means I have to calculate these 40 times, I do not

want to do that. R has the advantage that it can actually repeat these on a vector.
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So, av is a vector and I give that as a vector itself. So, look at this line, I am saying pv is

actually equivalent to or equal to, assigned to 1 divided by 1 plus exponential in the bracket I

am writing minus a plus b into av. So, the input is av, the vector. So, when this equation will

be implemented, it will throw the output also as a vector. So, for each value of av in av, I will

get a corresponding value in pv.
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50 # use the Togistic regression equation to
51 # calculate probability

52 #p=1/(1+ exp(-1(a + b*x)))

53 I
54 a <- coef(logit.area)[["(Intercept)"]

55 b <- coef(logit.area)[["area"]]

56
57
58
59
60

£1
58:29

pv <= 1/(1+exp(-(a + b*av)))|

£ alae oy ue oy
q y
[ Plot the regression line &
(R R412 - Cy/dab/

> b < cuef&]oéit.area‘)ﬁ"érea”]] .
> pv <= 1/(L+exp(-(a + b*av)))

>

-

R Script &

=

-

- 8 X
Environment -
2 | % import Dataset + = 165 M8 = { List ~
R = { Global Environment =
O logit.area  List of 30 -
0 train 470 obs. of 3 variables
values
a -3.57092779543198
av num [1:41] 0 0.01 0.02 0.03 0.04..
b 34.7225007635827
pv num [1:41] 0.0274 0.0383 0.0533 .. «
Plots P |
WM oom 2 Export = (] !’ RO

Probability of being Malign.

So, if I execute it, you can see here, av has 1 to 41, 40 values. Similarly, for each of these

values, it has calculated pv which has 40 values. So, these two vectors have same length. So

now, what I will do, I will plot this av and pv and draw a smooth line and overlay on the

existing plot.
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)5 wesk 68 % [ Environment =i
a0 Dsourceonsave | Q fe | “HRun Psource » E @ | B PresmB v
51 # calculate probability “ R~ @) Global Environment v ¢
gg #P=1/(1+ exp(-1(a + b*x))) 01ogi.. List of .0
54 a <- coef(logit.area)[["(Intercept)"]] O train 470 obs. ..
55 b <~ coef(logit.area)[["area"]] values U
?? a  -3.57002779.
~ P N av num [1:41] .. B
gg pv <= 1/(1+exp(-(a + b*av))) b 3472080076,
60 #inesiy.) V VS pv pv  mum [1:41) . -
61
62 1fnesav, pv, col = "blue", Tud = 2) Plots =0
63 2 Zoom & Export *
64> # calculate the cut-off/threshold EE e
83+ # Evaluate the Togistic mode] @ 2
1181 # Logistic regression with two predictors @ g
134+ # Evaluate the logistic model @ o
165 # Evaluate the model on test data EED v §
y on lne = T o
621 | [ Plot the regression line & R Script & '6 2 m
@ Ra12: Cidoy ? R =0z 0w 0
> b <- coef(logit.area)[["area"]] o =
> pv <= 1/(L+exp(-(a + b*av))) 2 Area
> | -0
o
0 fstudo - 0 X
Fle Et Code Viw Pols Sesson Buld Deby Profle Took Help
0')5 week 68 * [ Environment ol
o E L Osourceonsave | @ A0l | “#Run % Psource v E G| 0l DassMB v
51 # calculate probability = R= M clobal Environment + €
:‘.; #pP=1/(1+ exp(-1(a + b*x))) 01ogi.. List of .G
54 a <- coef(logit.area)[["(Intercept)"]] O train 470 obs. .. g
55 b < coef(logit,area)[["area"]] values
:g a  -3.57092779.
- N " av num [1:41] .. B
Y < Yikent-G + RN b 34.72250076.
60 # plot av vs pv pv num [1:41] .. «
61
=0

62 lines(a¥], pv, col = "blue", Tud = 2)
63 ﬁ Zoom 'a&pon -
64 # calculate the cut-off/threshold @R

83» # Evaluate the logistic mode] @

118+ # Logistic regression with two predictors @
134+ # Evaluate the logistic mode] @

165+ # Evaluate the model on test data @D

o | « I

Probability of being Malign:

oY i o
629 [ Plot the regression line & R Script 2 W
@ R412 - Cydaby =0 00 03
> b <- coef(logit.area)[["area"]] -
> pv <= 1/(Lsexp(-(a + b*av))) Area
> | =




075 week 6R ! Plot Zoom R =

Sour g~ &
51 # calculate int -
§§ #p=1/Q F 30
54 a < coef(le @ 4 (HDIEEEEEIDOS e Oa0 s. of 3 varia.
55 b < coef(] §
56 2 « | 92779543198
57 o ©
58 pv <- 1/(1+ - :41] 0 0.01 0.0..
59 ‘CE” : 4 5007635827
60 4 plot av 3 :41] 0.0274 0.0..
61 5 3 =
62 lines(av, p 2 =
63 G Bpot v O f %+
64 # calculate § ©
83 # Evaluate | @
118+ # Logistic L g b Q 0 0]
134+ # Evaluate ‘ ! !
165+ # Evaluate 00 0.1 0.2 0.3 0.4
6237 | [ Plot the regres{ m
Area
R R412: Cidby 02 03 04
> pv <= 1/(l+exp(-(a + b*av))) &

> lines(av, pv, col = "blue", Twd = 2)
>

Area

Probabil

lines(av, pv, col = “blue”, lwd = 2)

So, I am using the lines function, which will draw a smooth curve and my input data is av and
pv, I am using color blue and line width 2. Let me zoom, you can see we got the standard
logistic regression type equation curve here. So, now let me move to something important

here, see I have got this curve.

Now, how should I now make a decision whether a particular sample is malignant or not, so
to do that I have to decide the threshold, for example, I can say okay when the probability is
0.5, so then I have a particular value of area. So, if the area the mean area of nucleus in a
particular tumour sample is bigger than that value of area, obviously, probability will be
bigger than 0.5, and I will call it a malignant sample. So, that means I have to calculate the

threshold area.
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)5 week 68 * [ Environment =i
O A (souceonsave | & A+l | R | Bsouce v = @B Yssmse f =0
bl a . .
62 lines(av, pv, col = "blue", Twd = 2) f ,.G'm E":“mmm Q
63 0 logit.a. List of 30 Q -
64+ # calculate the cut-off/threshold ---- O train 470 obs. of 3 varia.
:z # For this example, let's consider P = 0.5 will Valliss
67 # be the cut-off. ; > 0.5 will be considered 2 §1.0700277958819
68 # Malignant av num [1:41] 0 0.01 0.0..
69 b 34,7225007635827
70 # use P = 1/(1 + exp(-1(a + b*x))) to calculate pv num [1:41] 0.0274 0.0.. «
71 # value of x for which P = 0.5
7 Plots =0
73 I

- -0 Lo
74 thresh.area <- -a/b A zoom = Bport e

[
2
76 print(thresh.area) i}
7 2
78 # Add a vertical line at threshold .2
64:;; [ Caleulate the cut-off/threshold 3 R Script 3 .2 g w
s
®Ruz-cuwd =0z 0001020304
> pv <= 1/(L+exp(-(a + b*av))) S\ 5
> lines(av, pv, col = "blue", Twd = 2) H Area
> - g
@ Rstudio - O X
Fle Edt Code View Plols Sesson Buld Debug Profle  Tools Help
075 week 6R * =[] Environment =0
a8 [Dsourceonsave | @ /7 | 4R | Bsowe - = @I Ysmse f =0
bl
62 lines(av, pv, col = "blue", Twd = 2) [~ '.Gl"b“":’lmmm' *Q
63 ©logit.a. List of 30 Qs
64+ # calculate the cut-off/threshold ---- O train 470 obs. of 3 varia.
65 values |
66 # For this example, let's consider P = 0.5 will |
67 # be the cut-off. P > 0.5 will be considered S =3,57092779543198
68 # Malignant av num [1:41] 0 0.01 0.0..
69 b 34,7225007635827
70 # use PRENIACREXpELEHRBSMP to calculate v num [1:41] 0.0274 0.0.. «
71 # value of x for which P = 0.5
72 Plots =0
73
= -0 [
74 thresh.area <- -a/b r A zaam ot ‘%
2
76 print(thresh.area) a
7 2
78 # Add a vertical line at threshold . E
7034 | @ Caclat the cut-offhveshold 3 Rsapts 8 O S ——TT
s
RRar2 cotr v =0 2 00 01 02 03 04
> pv <= 1/(Lsexp(-(a + b*av))) ‘3
> Vines(av, pv, col = "blue", Twd = 2) 3 Area
> = o
M
@ rsudo - 0 X
Fle Edit Code View Plots Session Build Debug Profle Tools Help
075 week 6R * [ Environment =
G L) O sourceonsave | & A+ | “#Run | Bsowe v = @l e Dwsms- f = O
bl - v .
62 Tlines(av, pv, col = "blue", Twd = 2) f ‘.th En:almnmem Q
63 ©logit.a. List of 30 Q -
64~ # calculate the cut-off/threshold ---- 0 train 470 obs. of 3 varia.
¢ ror eris examgle, Te's conslier P = 0.5 wil values :
or this example, let's consider P = 0.5 wi -
67 4 be the cut-off. P > 0.5 will he considered 2 ELSEHHELTEEL
68 # Malignant av num [1:41] 0 0.01 0.0.. B
69 b 34.7225007635827 _
70 # use P =1/(1 + exp(-1(a + b*x))) to calculate pv num [1:41] 0.0274 0.0.. «
71 # value of x for which P = 0.5
n Plots =0
73 <) -0 RO
74 thresh.area <~ fa/b & A 2aom | 2 pon ‘%
75 2
76 print(thresh.area) 1]
7 =
78 # Add a vertical line at threshold v £
7417 | [ Calculate the cut-off/threshold 4 R Seript & .g g m
s
® Rat2-clb =0|| > 00 01 02 03 04
> pv <= 1/(Leexp(-(a + b*av))) |5
> lines(av, pv, col = "blue", Twd = 2) H Area
> = g




0 fstudio - 8 X
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075 week 6R =[] Environment -
Sourceon Save = & S+ *Run | PSource ~ £ D esmiB - s
bl a v -
62 lines(av, pv, col = "blue", Tud = 2) i _16'““"_“""”“"'
63 0 logit.a. List of 30 -
64+ # calculate the cut-off/threshold O train 470 obs. of 3 varia.
gz # For thi le, let' ider P = 0.5 will Yaliey
or this example, let's consider P = 0.5 wi -
67 # be the cut-off. P > 0.5 will be considered - o
68 # Malignant av num [1:41] 0 0.01 0.0..
69 b 34,7225007635827
70 # use P = 1/(1 + exp(-1(a + b*x))) to calculate pv num [1:41] 0.0274 0.0.. «
71 # value of x for which P = 0.5
72 Plots =
7 B zoom | Begot |0 | o %+
74 {ithresh.area <- -a/b B T V=L L
75 2
76 print(thresh,area) Em
77
78 # Add a vertical line at threshold & g
71| @ Cakulate the ct-oftheshold ¢ Rscipt: & O i
5 O
R R412 - Cydaby =0 > 00 01 02 03 04
> pv <= 1/(Ll+exp(-(a + b*av))) AlE
> lines(av, pv, col = "blue", Twd = 2) “g" Area
> =
o

O Rsudio - 0 %
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075 week 6R [ Environment =
sourceonSave | B4/~ SRun | % Psource - P Yesmis -
bl - v i -
62 lines(av, pv, col = "blue", Tud = 2) e @ B
63 O train 470 obs. of 3 varia. =+
64+ # calculate the cut-off/threshold values
g; —_ fa Tt fan e B8 a -3.57092779543198
or this example, let's consider =0.owm n
67 # be the cut-off. P > 0.5 will be considered s num [1:41] 070,01 0,0
68 # Malignant b 34.7225007635827
69 hd pv num [1:41] 0.0274 0.0..
41 | [ Calculate the cut-off/threshold 4 RSerpts  thresh.. 0.102841895511662
@R R41.2 - Cydab/ =0 pos =]
Number of Fisher Scoring iterations: 6 a

A Zoom  F ot + O i %-
> av = seq(0,0.4,0.01)

> View(logit.area)

> a <= coef(logit.area)[["(Intercept)"]]
> b <= coef(logit.area)[["area"]]

> pv <= 1/(l+exp(-(a + b*av)))

> lines(av, pv, col = "blue", Twd = 2)
> thresh.area <- -a/b

>

> print(thresh.area)

¥3N). 1028419

>

00 01 02 03 04

Area

Probability of being Malign.
0.0

thresh.area < -a/b

print(thresh.area)

So, how I am doing that, here, I will do that. So, I know the equation p equal to this, the
logistic equation. If you set P equal to 0.5 and do some algebra, it will come that this will be
equal to this value of x will be equal to minus a by b, a and b, we have calculated. So, I will
calculate that and print it. So, the value of that threshold area is 0.1028. If the mean area of a
tumour samples nucleus, cell nucleus, is bigger than 0.10, then you will call that sample now,

as a malignant sample as per your logistic model.
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it = Q

s. of 3 varia.| =

e F] || Sour
6l |

62 lines(av, p
63

64+ # calculate 01010 Qoo

1.0

22 4 i § 92779543198

6 #be the of 3 S 241 0 0.01 0.0..
e the cu

68 # Malignant 5007635827

:41] 0.0274 0.0..
41895511662 v

69
741 | [ Calculate the cf

@ R412 - Cdaby
Number of Fisher §

=0
Eport + (O | ff 4 -

lity of being Mali

> av = seq(0,0.4,0
> view(logit.area) @
> a <= coef(logit.|
> b < coef(logit.

robabi

00 02 04 06 08

s ol
2
©

vk o it iverod) 00 01 02 03 04
> lines(av, pv, co A
thresh.area <- rea
1 : 02 03 04
> print(thresh.area) o
[1] 0:1028419 _g Area
> I
oA
@ rstudio - 0 X

Fle  Edit Code View Plots Sesson Buld Debup Profle  Tools  Help

075 week 6R * =[] Environment =0
i i) [Cisourceonsave | O A | R | Bsoure - E P H - Yiesmis - - @~
L # vdlue UL A TUn Wil r = v D .
7 R~ . Global Environment = O,
3 0 train 470 obs. of 3 varia.[ =
74 thresh.area <~ -a/b Sl
75
-3.57092779543198
76 print(thresh.ar a
77 e ) av num [1:41] 0 0.01 0.0..
78 # Add a vertical 1ine at threshold b 34.7225007635827
79 pv num [1:41] 0.0274 0.0..
80 abline(v = thresh.area, 1ty = 2, coll= "grey", lud = 2) thresh... 0.102841895511662 =
81
82 Plots =0

83» # Evaluate the logistic mode] EED

. . . . . - %, -
118» # Logistic regression with two predictors B A2oon | Bepen - (0| € %

-+ —

1M # cualuata tha lasietic madal @R E,
741 [ Calculate the cut-off/threshold & R Seript ﬁ
2
@ R412 - Cidabs =0 g
> pv <= 1/(l+exp(-(a + b*av))) A § o
> lines(av, pv, col = "blue", wd = 2) 5 o W@@
> thresh.area <- -a/b
. 5 00 01 02 03 04
> print(thresh.area) o
(1 p 3 Area
> = 5.0'
@R - 0 X
Fle Edit Code View Plots Session Build Debug Profle  Tools Help
@15 week 6R [ Environment =0
T2 ¥ o [sourceonsave | & v | 4R | Bsouce » = @b e Viesmis - @~
73 * R+ Global Emirorment = 0
;‘; ECEILDD o el Otrain 470 obs. of 3 varia.  +
76 print(thresh.area) values
77 a -3.57092779543198
;g # Add a vertical 1ine at threshold av num [1:41] 0 0.01 0.0..
b 34,7225007635827
80 abline(V = thresh.aref, 1ty = 2, col = "grey", Tud = 2) T num [1:41] 0,0274 0.0
81 q : 0.
8 thresh... 0.102841895511662 -
83» # Evaluate the logistic mode] EED
1181 # Logistic regression with two predictors @ Plots =0
134» # Evaluate the logistic mode] D Aoom Hopotc 0 f G-
165 # Evaluate the model on test data EED ¥l £
80:22 | [ Calculate the cut-off/threshold 3 R Seript & %’
2
@R RA12 - Cdab/ =0 9
> pv <= 1/(l+exp(=(a + b*av))) * § °
> lines(av, pv, col = "blue", Twd = 2) 3 I m
> thresh.area <- -a/b
> 2 00 01 02 03 04
> print(thresh.area) B
(1] 0.1028419 p s Area
> = 5.0'
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05 week 6R =[] Environment -
Sourceon Save | (4 A+ *Run Source * £ D esmiB - s
73 : " 4 R % Global Environment =
;g CLCEH IR 0 train 470 obs. of 3 varia. =
76 print(thresh.area) values
77 a -3.57092779543198
78 # Add a vertical line at threshold av num [1:41] 0 0.01 0.0..
79
. o b 34,7225007635827

g? abline(v = thresh.area, 1ty = 2, col grey", Twd&2) @ num [1:41] 0.0274 0.0.
82 I thresh... 0.102841895511662
83+ # Evaluate the logistic model
118+ # Logistic regression with two predictors @@ Plots =0
134+ # Evaluate the logistic mode] EED A zoom  Hepot v O P
165+ # Evaluate the model on test data EED ¥|[ E

8051 | [ Calculate the cut-off/threshold 3 R Seript &

® R412 - C/dab/ =]

> pv <= 1/(1+exp(-(a + b*av))) A

> lines(av, pv, col = "blue", Twd = 2)
> thresh.area <- -a/b

>

> print(thresh.area)

[1] 0.1028419

>

00 01 02 03 04

Area

Probability of being Malign.
0.0

abline(v = thresh.area, Ity = 2, col = “grey”, Iwd = 2)

So, I want to put a vertical line on this plot on this plot representing that threshold. So, what I
will do? I will call the abline function, because abline overlay a straight line. And I will say
that draw a vertical line and that vertical line will have a value thresh dot area, that threshold

that I have calculated and I am using grey color for that and line length is 2.
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075 week 6R ! Pot Zoom - 0 X =M
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73 it Q
74 thresh.area f
75 s. of 3 varia.[ =
76 print(thres ¢ ]
77 92779543198
78 # Add a ven @ :41] 0 0.01 0.0..
79
) 5007635827
- it 411 0.0274 0.0.
8 41895511662 ”

83+ # Evaluate
118+ # Logistic
134» # Evaluate
165 # Evaluate
8056 | [ Calculate the

=0
Export * (] t".‘?'

Probability of being Maligna

00 02 04 06 08

@ R412 - Cdab/
> lines(av, pv, co

> thresh.area <- w
> Area
> print(thresh.are 02 03 04

(1) 0.1028419 3

> abline(v = thresh.area, 1ty = 2, col = "grey", lwd = 2) [ 2 Area
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075 week 6R » =[] Environment =0

O LE) D Dsouceonsave | Q 5o | MR | Bsouce » E @ Iy Digsmie - o - @~
;‘; * R~ W Global Emironment = O
86 # predict the probabilities for each observation Otrain 470 obs. of 3 varia.| =+
87 # in training data values
88

i 1 . i ! a -3.57092779543198

gg pl < predict(logit.area, train, type = 'response') - num [1:41] 0 0,01 0.0,
91 # Classify based on Probability b 34.7225007635827
92 pv num [1:41] 0.0274 0.0..
93 cl < ifelse(pl > 0.5, 1, 0) thresh... 0.102841895511662 -
94
95 # create confusion matrix Plots =0
96 2
97 tabl <- table(Predicted = cl, Actual = trainimal) A Hogon - 0 f %-
no

8331 | [ Evaluate the logistic model & R Script &

@® R412 - Cidabs =0

> i'ines(iv[ pv,‘éof = "b]ue"“,—1wd =2) “
> thresh.area <- -a/b o m
>

> print(thresh.area) 00 01 02 03 04
[1] 0.1028419
> abline(v = thresh.area, Ity = 2, col = "grey", Twd = 2) [
>

Area

A
Probability of being Malign.
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=% Run
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86 # Predict the probabilities for each observation

87 # in training data
88

89 Pl < pfed'icrlﬂogit.area. train, type = 'response’)
90

91 # Classify based on Probability
92
93
94
95 # Create confusion matrix
96

cl < ifelse(pl » 0.5, 1, 0)

97 tabl <- table(Predicted = cl, Actual = trainimal)
no
891

Environment
@@ Yiesmse o | @~
R+ Global Environment »

O train 470 obs. of 3 varia. =
values
a -3.57092779543198
av num [1:41] 0 0.01 0.0..
b 34,7225007635827
pv num [1:41] 0.0274 0.0..
thresh... 0.102841895511662 v
Plots =0

Azon Hppenr O | f -

@ Rseudio

#]

= E
[ Evaluate the logistic model & R Seript & —E:
2
R41.2 - Cydaby =0 o
> lines(av, pv, col = "blue", wd = 2) - E °
> thresh.area <- -a/b 5 o w
>
> print(thresh.area) z 00 01 02 03 04
[1] 0.1028419 4
> abline(v = thresh.area, 1ty = 2, col = "grey", wd = 2) [ 2 Area
it
- 0 X
Fle Bt Code View Pols Seson Bukl Debug ke Toos Help
5 week 6R =[] Environment =0
i | 8 [Dsourceonsave @ A | 4R | Bsore - = @ H - Viesmis - - @~
;; AR~ ‘Glnba\ Environment = 0

86 # Predict the probabilities for each observation Otrain 470 obs. of 3 varia.[ =
87 # in training data values
88
" q " " s a -3.57092779543198
gg pl < prefict(logit.area, train, type = 'response’) = num [1:41] 0 0.01 0.0,
91 # Classify based on Probability b 34.7225007635827
92 pv num [1:41] 0.0274 0.0..
93 cl < ifelse(pl > 0.5, 1, 0) thresh... 0.102841895511662 -
94
95 # create confusion matrix Plots =0
96 &
97 tabl <- table(Predicted = cl, Actual = trainimal) ol Aon Hpgn - (0 {5
no
897 [ Evaluate the logistic model & R Script & —E:
2
@ R412 - Cidaby =0 g
> lines(av, pv, col = "blue", wd = 2) C § o
> thresh.area <- -a/b 3 o w
>
> print(thresh.area) 2 00 01 02 03 04
[1] 0.1028419 a
> abline(v = thresh.area, Tty = 2, col = "grey", Twd = 2) [ 2 Area
> | = n..O_
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;; 4 R+ 1 Global Enironment =

89:16
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86 # predict the probabilities for each observation

87 # in training data
88
89
90
91
92
93
94
95
96
97
no

# Classify based on probability
cl <- ifelse(pl > 0.5, 1, 0)

# Create confusion matrix

[ Evaluate the logistic model &

R4.1.2 - C/dab/

> 'I'ines(iv, pv,‘énf = "b1ue"“,—'lwd =12)

> thresh.area <-

>

-a/b

> print(thresh.area)
[1] 0.1028419

> |

tabl <- table(predicted = c1, Actual = trainimal)

pl < predict(Togit.area, train, type = 'response')

v

R Seript &
=0

a

> abline(v = thresh.area, 1ty = 2, col = "grey", lwd = 2) [

<

Probability of being Malign.

O train 470 obs. of 3 varia. +
values
a -3.57092779543198
av num [1:41] 0 0.01 0.0..
b 34,7225007635827
pv num [1:41] 0.0274 0.0..
thresh... 0.102841895511662 -
Plots =0
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;; * R* ) Global Envirorment +
86 # predict the probabilities for each observation Otrain 470 obs. of 3 varia. =
87 # in training data values
88
0 0 . ' 5 a -3.57092779543198
gg pl <- predict(logit.area, [gFain, type = 'response’) - num [1:41] 0 0.01 0.0.,
91 # Classify based on Probability b 34.7225007635827
92 pv num [1:41] 0.0274 0.0..
93 cl < ifelse(pl > 0.5, 1, 0) thresh... 0.102841895511662 v
94
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pl < predict(logit.area, train, type = “response”)
cl « ifelse(pl > 0.5, 1, 0)

tabl « table(Predicted = c1, Actual = train$mal)

So, if I execute that, here you have, you have this vertical line. So, that means, any data
beyond this vertical line on the right-hand side are all malignant below that vertical line
everything is benign. Fine, good enough. So, now, visually I can see it, but I have to evaluate
the goodness of this model. And usually, the goodness of a logistic model or any this type of
machine learning model is done using what is called a classification model, we use usually

what is called a confusion matrix.

And so, let us see how I can create that here. So, what I will do, I will use now the same
training data set that I have used and I will put as an input to my logistic regression model, I
have created the logistic regression model. Now, I will use that training data set itself as an

input to that and calculate the probability, and that probability will be stored in p 1 variable.

So, that is what I am doing here? I am using predict function and I am using the logit dot area
the logistic model and train as the input data and I am saying that okay calculate the response.
So, it calculates thus those values. And if you see those values will be p 1, those values are

some fractions, these are probabilities.

Now, I want to compare these values with respect to the value of mal for each sample. So, for
each sample, now, I have calculated the probability. Now, the value of mal for each sample

varies from 0 to 1, that is also probability is either O or 1.

(Refer Slide Time: 18:45)



@ fstudio - B X
Fle Edt Code View Poti Seson Buld Dibp Profle Took Help

075 week 6R * [ Environment =0
e | O [sourceonsave | Q /| “HRun | v Psource *| = || @ -] Dresmis v | ¢
;; * R | f Global Environment + €
86 # predict the probabilities for each observation values &
87 # in training data a -3,57092779..
88 ;
gg P1 < predict(logit.area, train, type = 'response’) ;v ;:mi'gjz.sggg'ﬁ
91 # Classify based on Probability pl Named num [.
92 pv num [1:41] ..
93 cl < ifelse(pl > 0.5, 1, 0) thre.. 0.102841895.. -
94
95 # Create confusion matrix Plots =0
96
97 tabl <- table(Predicted = cl, Actual = trainimal) Bl= A 2o B egort -
no
891 | Evaluate the logistic mode 3 RSaript 3 %’
2
R R412 - Cydab/ =0 g
Ty . &
> thresh.area <- -a/b e e m
i (thresh ) g -
> print(thresh.area
[1] 0.1028419 z 00 03
> abline(v = thresh,area, 1ty = 2, col = "grey", lwd = 2) a
> pl <- predict(logit.area, train, type = 'response') n ] Area
> 4
‘ M
@ Rseudio - 0 X
Fle [t Code Viw Pots Sesson Buld Dby Profle Took Help
075 week 6R * [T Environment =0
0 L) Dsourceonsave | & Ao | “HRun | % Psouce +| £ G Pl Viesms -
;; “l| R~ .G\ohalinvironmem' ¢
86 # predict the probabilities for each observation values a
87 # in training data a -3,57092779..
e av num [1:41] ..

89 pl < predict(logit.area, train, type = 'response') b 3472250076

90
91 # Classify based on Probability pl  Named num [..
92 pv  num [1:41] .
928 cl <- ﬂl'l.ﬁ(pl > 0.5, 1, 0) thre.. 0,102841895.. -
94
95 # Create confusion matrix Plots =0
96
97 tabl <- table(Predicted - cl, Actual = trainimal) || 8z | Mgt «
no
937 [ Evaluate the logistic mode| & R Seript # %
2
@® R412 - C/daby =0 '
= =l . . E
> thresh.area <- -a/b 9 ° W
o (thresh. area) % 5
> print(thresh.area
[1] 0.1028419 E 00 03
> abline(v = thresh.area, 1ty = 2, col = "grey", lwd = 2) a
> pl <- predict(logit.area, train, type = 'response') n é Area
>
| -1
@R - 0 X
Fle Edit Code View Plots Session Build Debug Profle Tools Help
015 week 6R = Environment =0
an |8 [sourceonsave | & /v | “HRun | O+ PSource | = | & e DresMiB - | ¢
;‘; 4 R+ | i Global Environment =
86 # predict the probabilities for each observation values &
:z # in training data a -3,57092779..

av num [1:41] ..
90 b 34.72250076..
91 # Classify based on Probability pl  Named num [..
pv num [1:41] ..
93 cl < ifelse(pl > 0§}, 1, 0) thre.. 0.102841895. -

89 pl < predict(logit.area, train, type = 'response’)

95 # create confusion matrix Plots =0

97 tabl <- table(predicted = cl, Actual = trainimal) A oom | B ppor -

9321 | [ Evaluate the logistic model R Seript =

v

@ R412 - Cydaby =0

> thresr‘l.area <= =a/b ' ' *
>
> print(thresh.area)

o "

[1] 0.1028419 00 03
> abline(v = thresh.area, 1ty = 2, col = "grey", lwd = 2)
> pl <- predict(logit.area, train, type = 'response') M Area

d

<

Probability of being Malign:




@ fstudio - B X
Fle Edt Code View Poti Seson Buld Dibwp Profle Took Help

05 week 6R * [ Environment =0

CISY K uf [sourceonsave = Q /v | “HRun | o Psource *| = || -] Dresmis v | ¢
;; * R | f Global Environment + €
86 # predict the probabilities for each observation values &
87 # in training data a -3,57092779..
& av  num [1:41] .

89 pl < predict(logit.area, train, type = 'response’) b 34.72250076..

90
91 # Classify based on Probability pl Named num [.
92 pv num [1:41] ..
93 cl < ifelse(pl > 0.5, 1, 0) thre.. 0.102841895.. -
94
95 # Create confusion matrix Plots =0
96
97 tabl <- table(Predicted = cl, Actual = trainimal) = A 2 B egor -
ao
9324 | [ Evaluate the logisic model 3 RSaipt 2 %’
2
@R R412 - Cydaby/ =0 o
N . -
> thresh.area <- -a/b e e m
o (thresh ) g :
> print(thresh.area
[1] 0.1028419 z 0.0 03
> abline(v = thresh,area, 1ty = 2, col = "grey", lwd = 2) a
> rl <- predict(logit.area, train, type = 'response') n _g Area
>
oL
@ rstudo - O X
Fle Bt Code View Mot Sesdon Bukd Dibog Pofie Took Hap
075 week 6R * [T Environment =0
& & [ source on Save | & ] «| | “#HRun | % Psource </ = G A Mresmis -
;; “lR* ‘G\ohalinvironmem' ¢
86 # predict the probabilities for each observation values o
87 # in training data a -3,57092779..
88 .
89 pl < predict(logit.area, train, type = 'response') :V ;:MTEZ.E;;]?E
90 -
91 # Classify based on Probability pL Named num [.
92 pv  num [1:41] .
93 cl < ifelse(pl » 0.5, 1, w thre.. 0,102841895.. -
94
95 # create confusion matrix Plots =0
96
97 tabl <- table(Predicted = cl, Actual = trainimal) BT A zom | B ggon -
no
9328 | [ Evaluatethe logistic model & RSarpt ¢ %’
2
@ R412 - C/daby =0 'y
——— ) . E
> thresh.area <- -a/b e ° m
gy (thresh ) % =
> print(thresh.area
[1] 0.1028419 E 00 03
> abline(v = thresh.area, 1ty = 2, col = "grey", lwd = 2) a
> pl <- predict(logit.area, train, type = 'response') 0 2 Area
> | = ne.
@ fstudio - 0 X
Fle Edit Code View Plots Session Build Debug Profle  Tools Help
@15 week 6R = Environment =0
o 41 [souceonsave | & S | “HRun | S Psouce +| T @ P Yagsmis v |
;‘; 4 R+ | A Global Environment =
86 # predict the probabilities for each observation values &
87 # in training data a -3,57092779..
88 c
89 pl < predict(logit.area, train, type = 'response') ;v ;:mrgjz'sggla
90 ]
91 # Classify based on Probability pl  Named num [.
92 pv  num [1:41) .
93 «cl T [_ﬁ‘]hm.? (3,00 )] thre.. 0.102841895.. -
94
95 # create confusion matrix Plots =0
96
97 tabl <- table(Predicted = cl, Actual = trainimal) ol [ & A taom | B -
no
937 | [ Evaluate the logistic model & R Seript = %
2
@ RA12 - Cdab/ =0 g
—r—r . . I
> thresh.area <= -a/b K o m
- (thresh ) % =
> print(thresh.area
[1] 0.1028419 z 00 03
> abline(v = thresh.area, 1ty = 2, col = "grey", lwd = 2) 8
> rl <- predict(logit.area, train, type = 'response') o .g Area
>
M




So, what I will do is that I will now based on this p value, the probability value, I will classify
my training set sample whether it is malignant or not. So, what I will do? I have decided that
if the probability is bigger than 0.5, it is malignant. So, I am calling if else function and I am
giving some argument I am telling that if p 1, for a sample, is bigger than 0.5, then you call it

1, that means a malignant otherwise you call it 0.

And this whole data you store in a vector ¢ 1. So, I am using a if else function to decide
whether each of the sample for which I predicted the probability whether they are 1 or 0,

malignant or benign. So, I do that.
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Now this ¢ 1 value, these are either 1 or 0. And already in my original training data, these
tumours are labelled as 1 and 0. So, I will compare whether my original labelling of 1
matches with my predicted value of that sample, predicted label of that sample or not, so I
will create a table. To create that table, I will use a table function. Now I will not go in details
of what the table function is doing. Once I execute it will be very easy for you to understand

this, let me tell you what is the arguments here.
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The first argument is a named argument [ am giving to the table, I am saying the predicted
variable is ¢ 1, yes, that is my predicted thing, either 0 or 1 that I am predicted for the sample.
And the actual one is the mal variable in my training data set, that is why train dollar sign
mal, and I want to create a table and I want to print the table. So, I am printing that creating

and printing it here, let us look into the table it will be much clearer.
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So, it is a 2 by 2 matrix, 2 by 2 table. And in actually, there are two factors 0 and 1, because
my samples are either 0 or 1, malignant or non-malignant, and the predicted label is also 0, 1.
So, you can see the first one is 274, actual is also 0, predicted label is also 0, that means there
are 274 samples in my training data set, which are actually 0, benign. And my prediction is

also 0, that means they are benign.
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Whereas, 135 samples are there, which are actually labelled in my original data set as
malignant and my predicted is also malignant. So, there are some false negatives and there
are some false positives here. So, based on these actually, I can calculate my sensitivity and

specificity.
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spl « tabl1[1,1]/ sum(tabl[ ,1])
print(sp1)
snl « tab1[2,2] / sum(tab1[ ,2])

print(snl)

What is sensitivity and specificity. Specificity is also called selectivity or true negative rate,
that is equal to true negative number of true negative in my confusion table divided by true
negative plus false positive. And that is what I calculate here. Table is a matrix, so this is a

matrix.
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So, I am calling true negative is at 1 1, one row, column, so that is true negative because both
of them are 0, actually is also 0, predictive is also 0, so true negative. So, [ am calling tab 1, |
am fetching 1 1, value, that means we will fetch 274. And then what I am doing, I am
summing all these two value of the first column 274 plus 20. That is why I am writing tab, no
row number is given, the column number is given. So, it will sum all the rows for column 1,

and I will print that data.
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So, let me check what is the specificity? So, specificity 0.93, that means the specificity is 93

percent, is quite a good one.
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Let us check the sensitivity. Sensitivity is also called a recall value or hit rate or true positive
rate. It is defined as the ratio between true positives and true positives plus false negative. So,
how do I calculate it again, I use the same indexing of table so, I am taking table 2 2, that
means table 2 2, means, second row, second column, this is 137, this is the true positive,
because actual is also 1, predicted is also 1, divided by sum of the values of this second

column, because this is true positive this one is false negative.

So, I have to sum this together, and I am doing the sum together and that is in the
denominator. Let me calculate and print that. So, the sensitivity is 0.76, that means 76 percent

is not very high, but with this data set that I have curated I believe this is quite good enough.

(Refer Slide Time: 23:28)

0 Rstudio

Fle Al Code View Pols Sesson Buld Debup Frofle Tooks Help
075 week 6R 1 Environment =
SourceonSave | & S+ #Run | o Source * “d # ) 16sMB ~
108 # sensitivity/ Recall / Hit rate/ True positive rate ~ R | B Global Environment =
109 # sn = TP/(TP + FN) =
110 il Named num [..
111 pnl < tabl(2,2)/sun(tabl[ ,2]) pL | Named fun [.
112 pv num [1:41] .
113 print(snl) snl  0.767045454..
114 spl  0.931972789..
ﬁé 1 tabl 'table' int.
17 thre.. 0.102841895..
118 # Logistic regression with two predictors ) -
134+ # Evaluate the logistic model flats =
165+ # Evaluate the model on test data A Zoom | & Bport ~
111:1 | [ Evaluate the logistic model & R Seript 5’
=1/
R R412 - C/dab/ - >3
e t(spl) Bl
> print(sp % o
(1] 0.9319728 SES T
> snl <- tabl[2,2]/sum(tabl[ ,2]) 0
5 2 00 03
> print(snl) =
[1] 0.7670455 2 Area
> g
o




Now, what I have done till now, I have created a model logistic model where I have a binary
problem, yes no, malignant or not and I have only one predictor. But remember in my data set
I have two predictor, mean area of the nucleus of cell as well as the radius also. So, now, I
want to create a model, regression model, again logistic regression model again, using both

the predictors.
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logit2 «— glm(mal ~ area + rad, data = train, family = “binomial”)

summary(logit2)

I will use the same GLM function. But what I will do I will define the model differently. So,
what I am doing here, so here I am calling the GLM function, and I am telling the model,
model is mal tilda area plus red, the radius variable. So, I am asking the GLM function that
see now you have to do the logistic regression with respect to two predictor area and radius,
data is the same training data set and the family's binomial because I want it to perform

logistic regression.
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So, here I execute it, let me clean the console a bit. So, I execute the regression logistic

regression and I print the summary. So, here the first column is for the estimated parameter

value. So, intercept is minus 17.18. Area coefficient is 24. And the coefficient for radius is

1.02, That means both area and radius are positively affecting whether a sample will be

malignant or not. If the area increases, and the radius also increases that means it will be

more and more malignant.
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And statistical test shows that all these three coefficients are also stastistically significant.
And now I have to go back to something called the AIC. AIC as I said, is a criteria that I can
use to compare between two models. So, Akaike information criteria can be used to compare

between two models, which has different number of parameters.

In my previous model, it was something 300 something, I missed it, [ have already cleared it,
but you can try and check it again, it is around something around 300. Whereas for this
model, I have a one extra parameter AIC is 191. The lower AIC value is a better value, that
means I can say from this AIC value this second logistic model with two predictor, both the

area and the radius of the, radius of nucleus is a better model than the previous one.
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So, I have created the second logistic regression model, logistic regression classifier. And

these are two predictor things, so, I will not be able to plot this the way I have plotted the

previous one, but I can do the evaluation of the model using the same confusion matrix. So, I

will do that.

(Refer Slide Time: 26:20)

@ Rstudio - 0 X
File  Edit Code View Plots Session Bulld Debug Profle  Tools Help
05 week 6R 1 Environment =0
SourceonSave = & /v +Run | % + Source * =S Rliia N BTV
134~ # Evaluate the logistic model |~~ * R+ I Global Envircnment =
i:é 0 logi.. |List of . Q *
137 O train 470 obs, ..
138 # predict the probabilities for each observation values
i:g p2 <- predict(logit2, train, type = 'response') a -3.57092779..
141 # Classify based on Probability L num (1:41] ..
14 b 34.72250076...
143 2 <- ifelse(p2 > 0.5, 1, 0) cl Named num [. +
144
145 # create confusion matrix Plots _ =0
LD A . A zoom |8 Export ~
147 tab2 <- table(Predicted = c2, Actual = trainimal) &
148 2
149 nrint(tah?) 5 g
13431 | [ Evaluate the logistic model + Rsaipt 2 ||
c
@® R412 - Cdaby =0 % o
L1 g
Null deviance: 621.61 on 469 degrees of freedom > 00 03
Residual deviance: 185.39 on 467 degrees of freedom %
AIC: 191.39
.g Area
Number of Fisher Scoring iterations: 7 || £
D Rstudio - 0 X
Fle Edt Code View Plots  Sesson Build Debug Profle  Tools  Help
075 week 6R e[ Environment =0
SourceonSave | G /' v #Run | % # Source * & | e ) 167 MiB -
1;4; # Evaluate the logistic model ---- “ R~ f Global Enwironment =
1 - )
136 0 logi.. List of . Q =«
137 O train 470 obs. ..
138 # predict_the probabilities for each observation values
izg p2 < bre@ict(logitZ. train, type = 'response') a ~3.,57092779.,
141 # Classify based on Probability Y num [1:41] ..
142 b 34.,72250076..
143 c2 <- ifelse(p2 » 0.5, 1, 0) cl Named num [. *
144
145 # Create confusion matrix Plots =0
146 A Zoom | = biport +
147 tab2 <- table(Predicted = ¢2, Actual = trainimal) (<]
148 2
149  nrint(tah?) = g
1397 | [ Evaluate the logistic model = Rsaipt 2 || T
B
@® R412- Cdaby =07 o
L1 g —
Null deviance: 621.61 on 469 degrees of freedom > 00 03
Residual deviance: 185.39 on 467 degrees of freedom =
AIC: 191.39 2
3 Area
o

Number of Fisher Scoring iterations: 7




D Rstudio - B8 X
Fle Fdt Code View Pots Sesson Bukd Dibug Profle Took  Help

015 week 6R =[] Environment ~e
Sourceon Save = & S+ *Run | + Source = <™ R R RV A
134~ # Evaluate the logistic model ---- 4 R | ) Global Environment *
ﬁz 0 logi.. List of . Q =
137 O train 470 obs. ..
138 # predict the probabilities for each observation values
139 p2 <- predict(logit2, frain, type = 'response’) a -3.57092779
140 .
141 # Classify based on Probability L num [1:41] ..
142 b 34,72250076..
143 c2 <- ifelse(p2 > 0.5, 1, 0) cl Named num [.. =
144
145 # create confusion matrix Plots =0
146 P 2oom | B Export *
147 tab2 <- table(predicted = c2, Actual = trainimal) [
148 2
149 nrint(tah?) X g
139:23 | Evaluate the logistic model 3 Rsaipt 2 || T
-
@ R412 - Cdab/ = 7 o
ils S —
Null deviance: 621.61 on 469 degrees of freedom > 00 03
Residual deviance: 185.39 on 467 degrees of freedom =
AIC: 191.39 2
3 Area
Number of Fisher Scoring iterations: 7 i
D RSeudio - 0 X

Fle Edit Code View Plots Sesson Buld Debug Profle Tools Help

075 week 6R e[ Environment =0
SourceonSave &/ #Run | o% + Source Sl MR R174TT 3
134~ # evaluate the logistic model ---- & | R+ | il Global Eironment =
ﬁg 0ogi.. Listof .Q »
137 O train 470 obs. ..
138 # predict the probabilities for each observation values
139 p2 < predict(1figit2, train, type = 'response’) a ~3,57092779
140 -
141 # Classify based on Probability 2y num (1:41] ..
14 b 34.,72250076...
143 2 < ifelse(p2 > 0.5, 1, 0) il Named num [. =
144
145 # Create confusion matrix Plots =0
146 A zoom | B Export ~
147 tab2 <- table(Predicted = ¢2, Actual = trainimal) B
148 2
140 nrint(tah?) M g
13916 | [ Evaluate the logistic model & Rsaipts || S
E
@R R412 - Cydaby = ° o
L1 g —
Null deviance: 621.61 on 469 degrees of freedom > 00 03
Residual deviance: 185.39 on 467 degrees of freedom =
ALC: 191,39 §
g Area
Number of Fisher Scoring iterations: 7 || &

p2 <« predict(logit2, train, type = “response”)
cl « ifelse(p2 > 0.5, 1, 0)

tab2 <« table(Predicted = c2, Actual = train$mal)

So now, I will create the p 2 vector, the probability of being malignant for my training data
set again. And what I will use? I will use the predict function. So, the input will be training
data set train, but the model now will be logit 2, because this is the second model just now, I

created and I want to calculate the response.
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So, I perform that prediction. So, the p 2 is created, you can see p 2 are fractions, those are
the probability for each of the sample to be malignant as per this new model. Now, I am again
calling if else function. If this probability for a sample is bigger than 0.5, my threshold that I
have decided, I will call it malignant, that means 1, otherwise, I will call it 0. So, the labels

are 1 and 0.

So, I will store that label data in ¢ 2. Now, I will compare this c 2, the labels for each sample
as per this new logistic regression model with respect to the original labels present in my data
set. So, I will use that table function to create the matrix the confusion matrix that we have

done earlier, and I will print it.
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So, now, look at the confusion matrix. Now, 278 samples, which were originally benign, are
also considered as labelled as benign by the new model, whereas 153 samples which are
earlier, we know they are malignant are predicted as a malignant by new model. So, again

here, in this case, I can calculate sensitivity and specificity.
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sn2 <- tab2(2,2)/sum(tab2[ ,2])
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0.86931818181..
0.93197278911..
0.94557823129..
'table' int [.
'table' int [. »

2 zoom  Eeport » ¢

, s

00 02 04

Area

sp2 « tab2[1,1] / sum(tab2[ ,1])

print(sp2)

sn2 «— tab2[2,2] / sum(tab2[ ,2])

print(sn2)

So, I will calculate that first the specificity, that is true negative rate, true negative rate is
94.55. It was earlier 93 percent, now it is 94.5 percent, slightly increased. Let me calculate

the sensitivity for this new model where I have two predictors, sensitivity is nothing but true

positive rate, earlier, it was around 76 percent.

Now, you can see here it is 86.9. So that means by adding a new predictor, my sensitivity true
positive rate has increased. And in fact, the AIC has also said my model fit is also better,
because it has a lower value. So that means I should proceed with my this new second model,

second logistic regression where I have to predictors.

And I will end this lecture now by applying this regression model with two predictor logistic

regression model on my test data. If you remember I said at the very beginning that some of

the data set I have separated and stored as a test sample.
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So, I will apply this model this classifier, logistic regression classifier on that test sample. So,

the first thing that I have to read is I have to read the data, so that file is read underscore

cancer dot CSV, so I am reading that using read dot CSV. Now, I will use again the predict

function, use the logit 2 model, the second model, use test data as the input to predict the

probabilities. So that will be stored in p dot test.
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Next, I will classify these samples, this test sample based on the p dot test, the probabilities
either as 1 or 0, malignant and non-malignant using the if else function. So, I have got the ¢
dot test vector, where the labels, predicted labels are there. And I will create a confusion

matrix for this now by comparing the original label of the sample in the test data.
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So, I will create that. So, this is my now confusion matrix for my test data, I will calculate the

specificity and sensitivity the same way we have done. The specificity true negative raise is

95 percent quite good, it is retaining specificity that we have found for our training data set

itself, for test data set also the specificity is retained the true negative rate is retained similar

value.

Let me check the sensitivity or the true positive value. Here also it is 80 percent, earlier also it

was around 84 percent, so, here also it has retained that or retained something similar

sensitivity that means my classifier, the logistic regression classifier that I have created is

good enough to actually predict whether a sample in the test case whether it is a malignant or

not.



So, that brings me to the end of this lecture. In this lecture, I have shown you how you can
create a logistic regression model, we have started with a single predictor model, then we
have shown how to create the confusion matrix, then we have shown how to calculate

specificity and sensitivity of that model.

Next, I added another predictor and created another logistic regression model or classifier and
check the confusion matrix and sensitivity and specificity of that. We observe that as I add
another predictor the model has become better it is performance has become better. And then
eventually we applied that classifier that we created using a training data set on a test data set
and we have seen it has performed quite well. That is all for this video. Thank you for

learning with me today.



