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PSQI Dataset

* Sleep Center at Taipei Veterans General
Hospital

e 200 deidentified, PSG-verified patients with

primary insomnia (N=100) and obstructive
sleep apnea (N=100)

* Pittsburgh Sleep Quality Index

Strictly use within the class!
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PSQI Dataset
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Import PSQI Data into Matlab

* data=
readtable('sleep_questionnaire_dataset.xlsx');

=» data = readtablel 'sleep _guestionmnalre_dataset, xzlsx');

Warning: Table warliable names were modified to make them walid MATLAER identifiers. The original
names are saved In the VarlableDescriptlons properts.



Classification vs. Regression
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Classification Regression

https://www.javatpoint.com/regression-vs-classification-in-machine-learning
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Classification Methods

Logistic Regression Support Vector Machine

Decision Tree Neural Network
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Logistic Regression

Regression model

= linear

= |ogistic

https://bookdown.org/roback/bookdown-bysh/ch-logreg.html
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Generalized Linear Regression
Link Function: Logistic

* predictors = table2array(data(:,2:end));
* response = categorical(data.PSGDiagnosis);

* model =
fitglm(predictors,response,'link’,'logit','Distrib
ution','binomial’)



Logistic Regression on PSQI Data
Results

Generalized linear regresslon model:

logit(Ply="84"301 ~ 1 + %1 + x2 + x3 + x4 + x5 + x6 + x7 + z8 + z9 + 210 + %11 + =12 + %13 +
Distribution = Binomial

Estimated Coefficients:

Estimate SE tStat pValue
{Intercept) -0.30244 0.73735 -0.41019 0.68166
xl -0.57241 0.37771 -1.5155 0.12985
a2 -0.27381 0.24641 -1.11032 026683
i3 0.58404 0.24129 2.4205 0.015498
wd 0.47952 0.23263 2.0613 0.039273
5 1.2145 0.22921 5.2985 1.1673e-07
H -0.32949 0.21654 -1.5214 012811
w7 -0.32234 0.22184 -1.453 014622
e ] -0.45843 0.207686 -2.20748 0.027273
) -0.031a75 0.214% -0. 14744 088277
x10 0.27626 0.2584 0.9579 023811
xll -192.82 3.3554e+07 -5.7465e-08 1
w2 -192.14 2.3554e+07 -5.72683e-04 1
€13 -192 .82 3.3554e+07 -5.?4#49-06 1
uld -192.24 3.3554e+07 -5.7293e-04 1
xl5 -192. 47 2.3554e+07 -5.7658e-04 1
xl6 -192.32 3.3554e+07 -5.7316e-04 1
xl? -191.54 3.3554e4+07 -5.7174e-04 1
xl8 192,51 2.3554e+07 5.7373e-04 1

200 ohservations, 181 error degrees of freedom
Dispersion: 1
Chi*Z-statistic »5, constant model: 92,9, p-value = 4,32e-12



The Pittsburgh Sleep Quality Index (PSQI)

Instructions: The following questions relate to your usual sleep habits during the past month only. Your answers should indicate the
most accurate reply for the majority of days and nights in the past month. Please answer all questions. During the past month,

1. When have you usually gone to bed?

2. How long (in minutes) has it taken you to fall asleep each night?

3. When have you usually gotten up in the morning?

4. How many hours of actual sleep do you get at night? (This may be different than the number of hours you spend in bed)

5. During the past month, how often have you
had trouble sleeping because you...

Not during

the past
month (0)

Less than
once a
week (1)

Once or
twice a
week (2)

Three or
more times
week (3)

a. Cannot get to sleep within 30 minutes

c. Have to get up to use the bathroom

d. Cannot breathe comfortably

e. Cough or snore loudly

j. Other reason(s), please describe, including how often you
have had trouble sleeping because of this reason(s):

6. During the past month, how often have you taken medicine
(prescribed or “over the counter”) to help you sleep?

7. During the past month, how often have you had trouble staying
awake while driving, eating meals, or engaging in social activity?

8. During the past month, how much of a problem has it been for
you to keep up enthusiasm to get things done?

Very
good (0)

Fairly
good (1)

Fairly
bad (2)

Very
bad (3)

9. During the past month, how would you rate your sleep
quality overall?




Logistic Regression on PSQI Data
Evaluate Trained Model

* ypred = predict(model,predictors);

ypred
1 200x1 double
1
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3 0.6877

4 0.0151 Pw'x) 10 1

5 0.1562

6 0.7411

7 | 2.2204e-16 1 —

8 0.0701 d(w'x)

g 0.1678 0.5

10 0.0442

1 0.0085 wix

12 0.0988 1

13 0.7370 —

14 0.0734 0.0 1

15 0.6302 ' 7 T
16 0.0342 - - . W[:x ‘ )
17 0.0895

18 0.4477

19 0.1170

20 XN




Logistic Regression on PSQI Data
Confusion Matrix

ypred = ypred >=0.5;
ypred = double(ypred);

[group cat, ~, group] = unique(response);
group = group - 1;

¢ = confusionmat(group,ypred);
confusionchart(c)



True Class

Confusion Matrix

Predicted Class




TN
FP
FN
TP

Confusion Matrix Statistics

Predicted Class
No Yes
No TN FP
Yes FN TP

True Negative
False Positive

False Negative
True Positive

Model Performance

Accuracy = (TN4TP)/(TN+FP+FN+TP)
Precision =TP/(FP+TP)
Sensitivity = TP/{TP+FN)
Specificity =TN/(TN+FP)

Binary Confusion Matrix

https://builtin.com/data-science/supervised-machine-learning-classification
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Confusion Matrix Statistics

e stats = confusionmatStats(group,ypred)

= confuslommatitats{group,vpred)
ans =
shuct with fields:

confuslonMat: [2x2 double]
accuracy: [2x%] double]
sensltlvity: [2x] double]
speclficity: [2x] double]
preclslon: [2x] double]
recall: [2x] double]
Fscore: [2x] double]
gronplrder: [2x] double]



True Positive Rate

Receiver Operating Characteristic

ROC Curve Plot
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https://machinelearningmastery.com/tour-of-evaluation-metrics-for-imbalanced-classification/



https://machinelearningmastery.com/tour-of-evaluation-metrics-for-imbalanced-classification/

Receiver Operating Characteristic

scores = model.Fitted.Probability;
X,Y,T,AUC] = perfcurve(group,scores,1);
olot(X,Y)

xlabel('False positive rate')

vlabel('True positive rate')

title('ROC for Classification by Logistic
Regression')




Receiver Operating Characteristic

ROC for Classification by Logistic Regression
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Support Vector Machine

, /éupport
- Vectors

https://www.learnopencv.com/support-vector-machines-svm/
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Support Vector Machine

modell = fitcsvm(data,'PSGDiagnosis');
ypredl = predict(modell,predictors);

[group cat, ~, group_pred] = unique(ypredl);
group_pred = group_pred - 1;

cl = confusionmat(group,group _pred);
confusionchart(cl)
stats1 = confusionmatStats(group,group_pred)



True Class

Confusion Matrix

Predicted Class




Receiver Operating Characteristic

modell = fitPosterior(modell);

~,score_svm] = resubPredict(modell);
X,Y,T,AUC] = perfcurve(group,score_svm(:,2),1);
olot(X,Y)

xlabel('False positive rate')

ylabel('True positive rate’)

title('ROC for Classification by Support Vector
Machine')



Receiver Operating Characteristic

ROC for Classification by Support Vector Machine
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Imbalanced Binary Classification

How to Choose A Performance Metric

Class Labels

Are both
classes equally
important?

Is the positive

———————————

class more !

important?

What do you
want to 5

predict?

Do you need
probabilities?

MACHINE

LEARNING
MASTERY

Probabilities

Do you need
class labels?

Brier Score
1_0 r o Are falee b 1
Dﬂgngqgﬂ: Df; ! " EAE:‘;JZLS‘: nd 1 Arefalse | Arefalse ! Isthepositive ;:  Areboth |
belong tpﬂ the | falge nositives ; positives more | : negatives more ! class more . classes equally |
rnajurit}f class? B equally costly? | ZeEl K e ii I PTG ii P2 2 !
Accuracy F1 Score F0.5 Score F2 Score PR AUC ROC AUC
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