Statistics Syllabus for B.Sc.(SEP) | 2024
Mount Carmel College, Autonomous onwards

THEORY PAPER |
ST1: DESCRIPTIVE STATISTICS AND PROBABILITY for 2024 batch
(L+T+P=4+0+0 =3Credits)

Course Learning Outcomes

Introductory Concepts

Students will be able to

v" recognise different types of data and scales of measurement
v' represent the data using diagrams and graphs

Univariate Data Analysis

Students will be able to

v' compute and interpret measures of centre, spread, skewness and kurtosis of data
v’ construct and analyze graphical displays to summarised data

Bivariate Data Analysis

Students will be able to

v' fit appropriate curves to bivariate data

v' calculate, interpret and communicate the simple correlation and simple linear regression

Probability

Students will be able to

v’ calculate, interpret and communicate event probabilities

v’ utilize basic concepts of probability including independence and conditional probability
v’ evaluate probabilities of events from two-way tables

Module I (8 hours)

Introductory Concepts

Unit 1

Introduction to the subject of Statistics, population, individuals, sample, variables and attributes
Unit 2

Types of data — qualitative, quantitative, discrete, continuous, cross sectional, time series,
univariate, multivariate, primary, secondary; scales of measurement — nominal, ordinal, interval,
ratio

Unit 3

Construction of frequency distributions (univariate and bivariate); organisation and presentation
of data through tables, diagrams (bar and pie) and graphs (frequency curve, histogram, cumulative
frequency curves), stem and leaf plot
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Module 11 (10 hours)

Univariate Data Analysis- |

Unit 1

Measures of location or central tendency - arithmetic mean, median, mode, geometric mean,
harmonic mean, weighted mean, trimmed mean— properties, merits and limitations; comparison of
the different averages

Unit 2

Positional averages or quantiles — quartiles, deciles, percentiles and their interpretations

Module 111 (10 hours)

Univariate Data Analysis- 11

Unit 1

Measures of dispersion - absolute measures - range, mean deviation, quartile deviation, variance,
standard deviation — properties, relative measures

Unit 2

Moments — about origin, about an arbitrary point, central moments, relationship between moments
about origin and moments about mean, skewness and kurtosis - concept and measures, box and
whisker plot — construction and applications

Module 1V (14 hours)
Bivariate Data Analysis
Unit 1

Linear correlation - scatter diagram, product moment correlation coefficient - properties, Rank
correlation — Spearman’s measures
Unit 2

Concept of errors, principle of least squares, fitting of polynomial and exponential curves;
Regression - dependent and independent variables, objectives of regression, derivation of linear

regression model by the method of least squares, estimation of regression coefficient and
coefficient of determination and their interpretations

Module V (18 hours)
Probability
Unit 1

Introduction to probability, sample space and events, various approaches to probability —
subjective, classical, empirical and axiomatic approach — illustrations and applications

Unit 2

Addition theorem, conditional probability, multiplication theorem, independent events, theorems
related to the different concepts, rule of total probability, Bayes’ theorem
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PRACTICAL - STP1
(Computing the numericals manually and using MS - EXCEL)

(L+T+P=0+0+3=2Credits)

Sl. No. Title No. of Sessions
1 Data Presentation 3
2 Measures of Central Tendency 2
3 Measures of Dispersion, Skewness, Kurtosis 2
4 Curve Fitting 1
5 Correlation and Regression for Ungrouped Data 1
6 Probability 1 1
7 Probability 2 1

BOOKS FOR STUDY

Medhi J - Statistical Methods - An Introductory Text, Second Edition, New Age Publishers
(2006)

Goon A M, Gupta M K and Das Gupta B - Fundamentals of Statistics - Volume I, Sixth
Edition, World Press, Calcutta (1986)

Gupta S C and Kapoor V K - Fundamentals of Mathematical Statistics, Sultan Chand and
Sons (2017)

Kapoor J N and Saxena H C - Mathematical Statistics, Sultan Chand and Company (2014)
Roger E Kirk - Statistics: An Introduction, Fifth Edition, Wadsworth Publishing Company
(2007)

Bhat B R, Srivenkataramana T and Rao Madhava K. — Statistics : A Beginner's Text, Volume
I and 11, New Age International Pvt Ltd (1996)

Mukhopadhyay P - Mathematical Statistics, New Central Book Agency (1996)

BOOKS FOR REFERENCE

Agarwal B L - Basic Statistics, Sixth Edition, New Age International Pvt Ltd (2013)
Stirzaker, David - Elementary Probability, Second Edition, Cambridge University Press (2003)
Snedecor G W and Cochran - Statistical Methods, Eighth Edition, Affiliated East West Press
Ltd (1989)

Sheldon M Ross - Introductory Statistics, Second Edition, Academic Press(2010)

Freund J E and Walpole - Mathematical Statistics, New Edition, Prentice Hall India (2012)
DeCoursey W J - Statistics and Probability for Engineering Applications with Microsoft
Excel, Elsevier Science (USA) (2003)
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SEMESTER I
THEORY PAPER Il
ST2: PROBABILITY DISTRIBUTIONS
(L+T+P=4+0+0 =3Credits)

Course Learning Outcomes

Random Variables

Students will be able to

v’ construct probability distributions of univariate and bivariate discrete random variables

v"understand different probability functions with respect to univariate and bivariate continuous
random variables

v’ prove the properties and theorems on expectation and variance

v’ appreciate the concept of moment generating function and its uses

v' derive the distribution of functions of univariate random variables using appropriate techniques

Theoretical Discrete Distributions

Students will be able to

v’ determine the appropriate theoretical probability distribution based on experimental
conditions and assumptions

v' calculate, interpret and communicate probabilities

Theoretical Continuous Distributions

Students will be able to

v’ determine the appropriate areas under a normal curve

v’ prove important properties of normal distribution including the preservation of normality
under a linear transformation

v' derive the properties of other theoretical continuous distributions like uniform, exponential,
beta and gamma

Data Analysis using R

Students will be able to
v master the basics of the widely used open source R language
v’ use the R software for basic statistical computing
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Module I (15 hours)

Univariate and Bivariate Random Variables

Unit 1

Concept of a random variable, discrete and continuous random variable, probability mass and
density functions, cumulative distribution function(cdf) and its properties; mathematical
expectation of a random variable - mean, variance and higher moments, skewness and kurtosis;
properties of expectation and variance

Transformation of univariate random variables using cdf and transformation techniques

Unit 2

Bivariate probability distribution, marginal and conditional distributions, covariance, correlation,
independence, addition and multiplication theorems on expectations, conditional expectation and
variance; mean and variance of linear combination of random variables

Moment generating function (mgf) and its properties, methods of generating moments from mgf

Module Il (15 hours)

Theoretical Discrete Distributions

Unit 1

Uniform distribution- mean and variance

Bernoulli distribution- probability mass function (pmf), mean, variance, moment generating
function

Binomial distribution- derivation of the pmf, mean, variance, moment generating function,
recurrence relation for moments, skewness and kurtosis; additive property

Poisson distribution- derivation of pmf, mean, variance, moment generating function, recurrence
relation for moments, skewness and kurtosis; additive property

Unit 2

Geometric distribution- mean, variance, moment generating function, additive property, lack of
memory property

Negative binomial distribution — mean, variance, moment generating function, additive property
Hyper-geometric distribution- mean and variance

Module 11 (15 hours)

Theoretical Continuous Distributions

Unit 1

Uniform, gamma, beta (type 1 and type 2) and exponential distributions — definition through
probability density function, mean, variance and moment generating function, additive property
of exponential and gamma variates, lack of memory property of exponential distribution,

Unit 2

Normal distribution and its properties —-median, mode, m.g.f, moments, area and additive property
Bivariate normal distribution - definition through probability density function (pdf), marginal and
conditional distributions
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Module 1V (15 hours)
Special Probability Distributions and Data Analysis using R

Unit 1
Multinomial, Cauchy, Weibull and Log normal distributions— definition through probability
function, statement of mean and variance, properties and applications
Unit 2
Introduction to R — origin, development and uses, installation of R and R studio, storing R codes
Data types- character, integer, numeric and Boolean; importing data from different sources
Visual presentation of data- bar, pie, line, histogram, frequency curve, ogives, stem and leaf plot, box
and whiskers plot
Measures of central tendency and dispersion
Scatter plot, Karl Pearson’s correlation, rank correlation, simple linear regression — equation and
estimation
Evaluation of probabilities of standard theoretical discrete and continuous probability
distributions
PRACTICAL — STP2
(All the numericals are done manually and also using R)
(L+T+P=0+0+3 =2Credits)

SI. No. Title No. of Sessions

1 Computation of Characteristics for Univariate 1
Probability Distributions

2 Computation of Characteristics for Bivariate 1
Probability Distributions

3 Evaluation of Probabilities involving Discrete 2
Theoretical Distributions

4 Fitting of Binomial and Poisson Distributions 1

5 Evaluation of Probabilities involving Continuous 2
Theoretical Distributions

6 Fitting of Normal Distribution 1

7 Transformation of Univariate Random Variables 1

8 Data Analysis using Statistical Software (R ) 2

BOOKS FOR STUDY

1. Irwin Miller, Marylees Miller - John E Freund’s Mathematical Statistics, Eighth Edition,
Prentice Hall India (2012)

2. Harry Frank and Steven C Althoen, Statistics - Concepts and Application, Cambridge
Low Price Edition (1994)

3. Sheldon M Ross - Introductory Statistics, Second Edition, Academic Press (2010)

4. Hogg R V, Tanis E A - Probability and Statistical Inference, Eighth Edition (2010)



Statistics Syllabus for B.Sc.(SEP) | 2024
Mount Carmel College, Autonomous onwards

. Goon A M, Gupta M K and Dasgupta B - Fundamentals of Statistics - Volume I,
World Press (2016)

. Bhuyan K C - Probability Distribution Theory and Statistical Inference, NCBA(2010)
. Peter Dalgaard - Introductory Statistics for R, Second Edition, Springer (2013)

. Sharma A K - Text Book of Probability and theoretical Distributions, Discovery
Publishing House, New Delhi (2005)

. Hogg, Tanis, Rao - Probability and Statistical Inference - Seventh Edition, Pearson
Education (2011)

BOOKS FOR REFERENCE

. Neil A Weiss - Elementary Statistics, Ninth Edition, Addison Wesley (2016)

. Spiegel M R and Stephens L J - Theory and Problems of Statistics, Third Edition,
Schaum’s Publishing Company (1999)

. Richard A Johnson - Miller & Freund’s Probability and Statistics for Engineers,

Eighth Edition, Prentice Hall (2011)

. Spatz Chris - Basic Statistics: Tales of Distributions, Tenth Edition, Wadsworth Cengage
Learning (2010)

DeCoursey W J - Statistics and Probability for Engineering Applications with Microsoft
Excel , Elsevier Science (USA) ( 2003)

. Krishnamoorthy K - Handbook of Statistical Distributions with Applications, Chapman
and Hall/CRC (2006)
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SEMESTER 111
THEORY PAPER 111
ST3: Statistical Inference — |
(Credits—L+T+P=4+0+0 =4)
Course Qutcomes

Introduction to Sampling Distributions

Students will be able to

v" understand the abstract idea of a sampling distribution and how it reflects the sample to
sample variability of a statistic and explain how it is a measure of the precision of a point
estimate

Exact Sampling Distributions and Limit Theorems

v" Students will be able to know about chi-square, t and F distributions — their genesis and
properties.

v apply the central limit theorem to problems involving sums and averages of variables from
arbitrary distributions.

v" understand the applications of Chebychev’s inequality.

Point Estimation and Methods of Estimation

Students will be able to

v’ appreciate the need for statistical inference and point estimation of the parameters.

v compute point estimates of the parameters of theoretical discrete and continuous
distributions.

v’ utilize the method of maximum likelihood function and method of moments for obtaining
point estimators.

Interval Estimation

Students will be able to

v Understand the informal and formal explanations of any confidence interval.

v Understand how factors like sample size, confidence level, estimated standard deviation of
estimator (i.e., standard error) and margin of error affect the width and precision of a
confidence interval.

v Distinguish between one-sided and two-sided confidence intervals.

v Construct intervals for common population parameters (means, proportions, variances and
population correlation coefficient).

v' Collate between interval estimation and testing
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Module I (6 hours)

Introduction to Sampling Distributions

Unit 1

Concepts of population, parameter, random sample, statistic, sampling distribution and standard
error, sampling distributions of sample mean, estimators of population mean and variance,
statement of theorem on independence of sample mean and variance in random sampling from
normal distribution, sampling distribution of sample variance

Module 11 (20 hours)

Exact Sampling Distributions and Limit Theorems

Unit 1

Chi-square, t and F distributions - definition through probability density function, mean, variance
and important properties

Unit-2

Chebychev’s inequality — proof with respect to continuous random variable, applications.
Convergence in probability and convergence in distribution; central limit theorem — Statement in
its general form and applications, proof of De'Moivre - Laplace and Levy - Lindeberg theorems

Module 111 (22 hours)

Point Estimation and Methods of Estimation

Unit 1

Concepts of parameter, estimator, estimate and standard error of an estimator, unbiasedness,
asymptotic unbiasedness; mean squared error, bias, relationship between bias, mean squared error
and variance; consistency, statement of sufficient conditions for consistency of an estimator,
invariance property of consistent estimators; sufficiency, factorisation theorem, invariance
property of sufficient estimators; efficiency, relative efficiency - examples; Fisher information
function, statement of Frechét - Cramer — Rao inequality, minimum variance bound (MVB)
estimator, minimum variance unbiased estimator (MVVUE), difference between MVVU and MVB
estimators; identifying unbiased, consistent, efficient, sufficient and minimum variance bound
estimators of parameters of standard theoretical discrete and continuous probability distributions
Unit 2

Maximum likelihood and moment methods of estimation, examples, statement of properties

Module 1V (12 hours)
Interval Estimation
Meaning, confidence coefficient, margin of error, length and precision of confidence intervals,

pivotal quantity, one and two sided confidence intervals, central and shortest confidence intervals,
relation between interval estimation and test of significance.

Confidence interval for mean, difference of means, variance, ratio of variances, proportion,
difference between proportions and correlation coefficient.
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PRACTICAL - STP3
(Computing the numericals manually and using MS — EXCEL and R)

(Credits—L+T+P=0+0+4 =2)

Sl Title No. of Sessions
No. (3 hours each)
1.| Construction of Sampling Distribution of Sample Mean and Sample 2
Variance
2.| Applications of Chebychev’s inequality 1
3.| Applications of Central Limit Theorem 1
4.| Estimation of Parameters by the Method of Maximum Likelihood and 1
Method of Moments
5. Comparison of estimators by plotting mean square error 1
6.| Interval estimation for means 1
7.| Interval estimation for proportions 1
8. Interval estimation for variances 1
9.| Interval estimation for correlation coefficient 1
BOOKS FOR STUDY
1. Sharma A K - Text Book of Probability and theoretical Distributions, Discovery
Publishing House, New Delhi (2005)
2. Hogg, Tanis, Rao - Probability and Statistical Inference - Seventh Edition, Pearson
Education (2011)
3. Bhuyan K C —Probability, Distribution Theory and Statistical Inference , NCBA (2010)
4. Miller Irwin, Miller Marylees - John E Freund’s Mathematical Statistics and
Applications, Eighth Edition, Pearson (2018)
5. Gupta S C, Kapoor V K - Fundamentals of Mathematical Statistics, Sultan Chand & Sons
(2017)
6. Goon AM, Gupta M K, Das Gupta B - Fundamentals of Statistics, Volume I, World
Press, Calcutta(1991)
7. Hogg R V and Craig A T - Introduction to Mathematical Statistics, Fifth Edition, Prentice
Hall, New Jersey, USA (1995)
8. Mukhopadhyay P - Mathematical Statistics, Books and Allied Pvt Ltd., Kolkata (2015)
9. Spiegel MR - Probability and Statistics, Fourth Edition, Schaum’s Outline Series,
McGraw Hill, London (2001)
10. Walpole RE, Myers R H, and Myers, S L - Probability and Statistics for Engineers
and Scientists, Ninth Edition, Pearson, New Delhi (2017)
11. Hogg, McKean and Craig - Introduction to Mathematical Statistics - Seventh Edition,

Pearson Education (2013)

10




Statistics Syllabus for B.Sc.(SEP) | 2024
Mount Carmel College, Autonomous onwards

BOOKS FOR REFERENCE

1. Spatz Chris - Basic Statistics: Tales of Distributions, Tenth Edition, Wadsworth Cengage
Learning (2010)

2. DeCoursey W J - Statistics and Probability for Engineering Applications with Microsoft
Excel , Elsevier Science (USA) ( 2003)

3. Krishnamoorthy K - Handbook of Statistical Distributions with Applications, Chapman and
Hall/CRC (2006)

4. Beaver Barbara M, Beaver Robert J, Mendenhall William - Introduction to Probability
and Statistics, Twelfth Edition, Cengage Learning

5. Lipschutz Seymour, Schiller John J - Introduction to Probability and Statistics (Schaum’s
Outlines), Tata McGraw Hill (2014)

6. Fricker Jr. Ronald D -Introduction to Probability and Statistics for Data Scientists(with R):
Chapters 1-3, CreateSpace Independent Publishing Platform (2014)

7. Bhattacharya G K and Johnson R A - Statistical Concepts and Methods, John Wiley, New
York (1986)

8. Dudewicz EJ and Mishra S N - Modern Mathematical Statistics, John Wiley, New York
(1980)

9. Rohatgi V K and Saleh A K Md. E. - An Introduction to Probability Theory and
Mathematical Statistics, Third Edition, John Wiley, New York (2002)

10. Ross S M - Introduction to Probability Models, Tenth Edition, Academic Press, UK(2003)

11. Ball Alan, Buckwell Geoff - A Level Statistics, Macmillan Work out Series (2016)

11
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IV SEMESTER
THEORY PAPER IV

ST4: STATISTICAL INFERENCE - 11
(Credits—L+T+P=4+0+0 =4)

Course Outcomes

Most Powerful (MP) Tests
Students will be able to
v apply Neyman-Pearson lemma for constructing most powerful tests.

Uniformly Most Powerful (UMP) and Likelihood Ratio (LR) Tests

Students will be able to

v’ identify families of distributions that possess the monotone likelihood ratio(MLR) property.
v' apply the MLR property in the construction of uniformly most powerful tests.

Tests of Significance

Students will be able to

v Recognise the similarity among all test statistics of the standardized score variety; exploit this
similarity to derive test statistics for common tests involving proportions and means.

v Use p-values to make decisions about hypotheses under test.

v Correctly identify the appropriate statistical test that should be applied to analyze a study,
choosing from proportion(s), mean(s), variance(s) correlation/linear regression, independence
of attributes and goodness of fit and also use statistical software for this analysis.

Nonparametric Tests

Students will be able to

v Compare and contrast parametric and nonparametric tests and to identify applications where
nonparametric approaches are appropriate.

v Explain in detail and demonstrate the conduct of some non-parametric tests( in the framework of large
sample approximation of the test statistic).

12
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Module I (6 hours)

Testing of Hypothesis - Introduction

Statistical hypotheses - null and alternative, simple and composite, one and two sided; critical and
acceptance regions and critical (test) function, randomized and non-randomized tests, type-I and
type-I1 errors, level of significance, size and power of a test, p-value

Module 11 (20 hours)
Most Powerful Tests and Uniformly Most Powerful Tests
Unit 1

Most powerful (MP) test, statement of Neyman-Pearson lemma and its uses in the construction of
most powerful tests, applications
Unit 2

Monotone likelihood ratio (MLR) property, uniformly most powerful (UMP) test, statement of the
theorem on uniformly most powerful tests for testing one sided hypotheses for distributions with
monotone likelihood ratio property, applications

Module 111 (22 hours)

Tests of Significance
Revision of basic terms (types of hypotheses, errors, critical and acceptance regions), P value, tests

for mean and equality of two means, tests for variance and equality of two variances, large sample
tests for proportion and equality of two proportions.

Tests for linear correlation coefficient and regression coefficient in simple linear regression, tests
for multiple and partial correlation coefficients; chi-square tests for goodness of fit, test for
independence of attributes, test for several proportions, test for homogeneity in a contingency
table.

Module 1V (12 hours)
Nonparametric Tests
Need, advantages and limitations of nonparametric tests, comparison with parametric tests,

construction of the test statistic and inference with respect to the following tests -  sign, run,
median, signed rank, Mann-Whitney-Wilcoxon U, Kolmogorov-Smirnov test for goodness of fit,
Discussion of the large sample approximation, Normality tests- Shapiro-Wilk test, Kolmogorov-
Smirnov test, Anderson-Darling test, Kruskal-Wallis test.

13
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PRACTICAL - STP4
(Computing the numericals manually and wherever possible using MSEXCEL / R)

(Credits—L+T+P=0+0+4 =2)

Sl Title No. of Sessions
No. (3 hours each)
1 | Formulation and Identification of Hypotheses and Evaluation of 1
Probabilities of Type | and Type Il Errors and Power of Tests
(Discrete Distributions)
2 | Evaluation of Probabilities of Type I and Type Il Errors and Power of 1
Tests (Continuous Distributions)
3 | Construction of MP test — | (Discrete Distributions) 1
4 | Construction of MP test — Il (Continuous Distributions) 1
5 | Construction of UMP Tests and Power Curve 1
6 | Tests concerning population mean and equality of two population 1
means
7 | Tests concerning population proportion and equality of two population 1
proportions
8 | Tests concerning population variance and equality of two population 1
variances
9 | Tests concerning simple correlation and regression coefficients 1
10 | Tests concerning multiple and partial correlation coefficients 1
11 | Chi-square test for goodness of fit 1
12 | Chi-square test for independence of attributes 1
13 | Non-Parametric Tests 2

BOOKS FOR STUDY
Hogg, Tanis, Rao - Probability and Statistical Inference - Seventh Edition, Pearson Education
(2011)
Hogg, McKean and Craig - Introduction to Mathematical Statistics - Seventh Edition,
Pearson Education (2013)
Miller Irwin, Miller Marylees - John E Freund’s Mathematical Statistics and Applications,
Eighth Edition, Pearson (2018)
. Goon A M, Gupta M K and Das Gupta B - Outline of Statistical Theory - VVol.1, World
Press, Calcutta (1991)
. Gupta S C, Kapoor V K - Fundamentals of Mathematical Statistics - Sultan

Chand &Sons (2017)
Medhi J - Statistical Methods: An Introductory Text, New Age International, New Delhi
(1992)

Miller Irwin, Miller Marylees - John E Freund’s Mathematical Statistics and Applications,
Eighth Edition, Pearson (2018)

14
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10.

Rajagopalan M, Dhanavanthan P — Statistical Inference —PHI Learning Pvt Ltd (2012)
Bhuyan K C — Probability, Distribution Theory and Statistical Inference , NCBA (2010)

BOOKS FOR REFERENCE
Tucker H G - An Introduction to Probability and Mathematical Statistics, Academic Press
(2014)
Casella G, Berger R L — Statistical Inference, Duxbury Thomson Learning (2002)
Panik Michae J — Statistical Inference : A short Course, Wiley (2012)
DeCoursey W J - Statistics and Probability for Engineering Applications with Microsoft
Excel, Elsevier Science, USA (2003)
Gupta Bhisham C and Guttman Irwin - Statistics and Probability with Applications for
Engineers and Scientists, Wiley (2013)

Wackerly Dennis D, Mendenhall William 111, Scheaffer Richard L — Mathematical Statistics

with Applications, Seventh Edition, Cengage Learning (2008)

Mood AM, Greybill FA and Boes D C - Introduction to the Theory of Statistics — McGraw
Hill, Third Edition, Seventh Reprint (2001)

Rohatgi V K and Saleh A K Md E - An Introduction to Probability and Statistics, Third
Edition, Wiley (2015)

Bijma F, Jonker M, Vaart A — An Introduction to Mathematical Statistics, Second Edition,
Amsterdam University Press (2017)

Kandethody M Ramachandran, Chris P Tsokos - Mathematical Statistics with Applications
in R, Second Edition, Elsevier (2015)

15
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Mount Carmel College, Autonomous
Department of Statistics and Analytics
V SEMESTER
THEORY PAPER-5
ST5: ANOVA AND DESIGN OF EXPERIMENTS

Objective:
To understand and apply statistical techniques such as ANOVA, DOE, factorial experiments,
ANCOVA, and incomplete block designs for designing experiments, analysing data, testing
hypotheses, and drawing valid conclusions efficiently.

Course Learning Outcomes

Analy3|s of Variance (ANOVA)
recognise the situation in which analysis of variance (ANOVA) is appropriate and be able to
perform one-way and two-way ANOVA with the assistance of computer software

v" explain the partitioning of the total sum of squares into the “within” and “between” group
components and identify the degrees of freedom associated with each sum of squares

v’ perform the F test in ANOVA using critical and p-value approaches

De3|gn of Experiments (DOE)
v' identify features common in experiments, like the experimental unit, treatment, factors, control
groups, randomisation and blocking

v understand the importance of statistical design of experiments and its benefits; to choose an
appropriate experimental design based on the study objectives

v' design and conduct appropriate experiments, as well as analyse and interpret appropriate
experimental data

v"understand the concept of efficiency of an experimental design

Factorial Experiments (FE)

v understand the need and the procedure of conducting factorial experiments

v analyse two factor and three factor factorial experiments at two levels

v appreciate the need for confounding a factorial experiment, identify the confounded effect

Analysis of Covariance (ANCOVA)
v" recognise the situation in which analysis of covariance (ANCOVA) is appropriate and be able
to perform analysis of data under CRD and RBD

Incomplete Block Designs (IBD)
v’ appreciate the need for incomplete blocks
v’ design and analyse such designs

Module I (16 hours)

Analysis of Variance (ANOVA)

Introduction - meaning and assumptions, analysis of fixed effect model — one-way, two-way
classified data and two way classified data with multiple but equal number of observations per cell

16
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- discussion through examples, complete analysis, expected mean squares, least significant
difference

Module 11 (14 hours)

Design of Experiments (DOE)

Introduction of basic terms: experimental material, experimental units, treatments, response,
blocks, etc., principles of randomization, replication and local control

Completely Randomized Design (CRD), Randomized Block Design (RBD) and Latin Square
design (LSD) - layout and analysis, advantages, limitations and applications; efficiency of a
design, relative efficiency of RBD over CRD and LSD over CRD and RBD; missing plot technique
for RBD and LSD- estimation of single missing observation followed by analysis

Module 111 (14 hours)

Factorial Experiments (FE)

Factorial experiments- meaning and need; 22 and 22 factorial experiments conducted as CRD and
RBD — complete statistical analysis - main effects and interactions, their estimates, contrast and
orthogonal contrasts, Yates’ method of computing factorial effect totals; confounding in factorial
experiments - complete and partial confounding in a 23 experiment with RBD layout- analysis and
inference

Module 1V (16 hours)

Analysis of Covariance (ANCOVA) and Incomplete Block Designs (IBD)

Introduction to ANCOVA, Analysis of covariance for - completely randomised design,
randomised block design - layout and analysis, advantages and disadvantages

Introduction to incomplete block designs with examples, Balanced incomplete block design
(BIBD) - layout and analysis, advantages and limitations

PRACTICAL — STP5

Sl Title No. of Sessions
No. (3 hours each)
1 | Analysis of variance for a one way classified data (including computer 1
analysis)
2 | Analysis of variance for a two way classified data (including computer 1
analysis)
3 | Analysis of two way classified data with multiple but equal number of 1
observations per cell.
4 | Analysis of CRD and RBD(with and without missing observation) 1
(including computer aided analysis)
5 | Analysis of LSD (with and without missing observation) 1
6 | Analysis of BIBD 1
7 | Analysis of covariance in CRD and RBD 1
8 | Analysis of 22 factorial experiment 1
9 | Analysis of 22 factorial experiment 1
10 | Analysis of a confounded 22 factorial experiment 1

17
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=

ok~

BOOKS FOR STUDY

Cochran W G and Cox G M - Experimental Designs, Second Edition, John Wiley (2003)

Das M N and Giri N C - Design and Analysis of Experiments, Second Edition, New Age
International Pvt Ltd (2011)

Agarwal B L — Theory and Analysis of Experimental Designs —Cbs Publishers & Distributors
(2011)

Panneerselvam R - Design And Analysis Of Experiments — Prentice Hall of India (2012)
Montgomery D C - Applied Statistics and Probability for Engineers, Fourth Edition, Wiley
India Pvt. Ltd. (2009)

Joshi D D - Linear Estimation and Design of Experiments, Wiley Eastern Limited (1990)

REFERENCE BOOKS

=

Angela Dean and Daniel VVoss - Design and Analysis of Experiments, Springer (2017)

2. C. Radhakrishna Rao - Linear Statistical Inference and its applications, 2" edition, Wiley
(2009)

3. Rohatgi V.K. and A.K. Md. Ehsanes Saleh - An Introduction to Probability Theory
and Mathematical Statistics, John Wiley (WSE) (2002)

4. Ross S. M - Introduction to Probability and Statistics for Engineers and Scientists, 5™ edition
Academic Press (2014)

5. Paul. D. Berger, Robert. E. Maurer : Experimental Design with applications in Management,

Engineering and the Sciences, Thomson (2001)

18
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Mount Carmel College, Autonomous
Department of Statistics and Analytics
V SEMESTER

THEORY PAPER -6
ST6: Python Fundamentals and Categorical Data Analysis

Objective

To provide a foundational understanding of Python programming and its application in
statistical analysis of categorical data. The course aims to develop skills in data handling,
visualization, and interpretation using modern computational tools. It also introduces key
statistical methods and models for analysing categorical variables, enabling students to apply
these techniques in real-world contexts.

Course Learning Outcomes

Python Fundamentals and Data Handling
« understand the basics of Python programming and its applications in data analysis
« implement data types, operators, functions, and control flow statements
e construct programs using loops and logical structures
« perform numerical computations using arrays and vectorized operations
o create and manipulate datasets using DataFrames
o apply data cleaning, transformation, and summarization techniques

Data Visualization and Preparation for Analysis
« generate graphical representations using bar plots and count plots
e construct correlation matrices and interpret heatmaps
e summarise categorical data using frequency tables and cross-tabulations
« interpret patterns and relationships through visual tools

Categorical Data Analysis and Inference
e recognise the nature and importance of categorical data
e construct and interpret contingency tables
o apply Binomial and Multinomial distributions in modelling categorical data
e compute and interpret measures of association
« analyse diagnostic measures such as sensitivity and specificity
o perform tests of independence using Chi-square methods
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Statistical Modelling using GLM
o understand the components of Generalized Linear Models
« apply logistic and probit regression models for categorical data
« interpret model coefficients and odds ratios
o evaluate models using ROC curves and classification measures
o understand parameter estimation using Maximum Likelihood Estimation

Module I (16 hours)
Python Fundamentals

Introduction to Python — installation and setup using Anaconda, Jupyter Notebook or VS Code;
basic syntax, execution and indentation; data types — integer, float, string and boolean; operations
on data types — arithmetic and comparison operations, type conversion and basic string operations;
Python data structures — lists (creation, indexing, slicing and basic operations), tuples (concept and
distinction from lists), dictionaries (key-value pairs, accessing and updating elements); functions
— built-in and user-defined; control flow statements — if, if-else, elif and nested conditions; looping
constructs — while loop and for loop; simple problem solving using Python

Module Il (14 hours)

Numerical Computing, Data Handling and Visualization

Introduction to NumPy — array creation, attributes, indexing, slicing, arithmetic operations,
aggregation functions and reshaping;

Introduction to Pandas — Series and DataFrame; data import from CSV files; data inspection (head,
tail, info, describe); indexing using loc and iloc; data filtering, sorting and transformation; handling
missing values; groupby operations; frequency distributions and contingency tables using crosstab;
Data visualization using Matplotlib and Seaborn — bar plots, count plots, correlation matrix using
heatmap; basic customization and interpretation of visual outputs

Module 111 (14 hours)

Categorical Data Analysis

Introduction — nature and types of categorical data; scope and applications; construction and
interpretation of contingency tables (2x2 and rxc tables); joint, marginal and conditional
distributions;

Binomial Distribution and Multinomial Distribution — concept and applications in categorical data;
Measures of association — difference of proportions, odds ratio, log odds ratio and relative risk;
diagnostic measures — sensitivity and specificity;

Tests for independence — Chi-Square Test of Independence (Pearson’s Chi-square) and likelihood
ratio test; interpretation of results;

Computer-aided analysis using Python — contingency tables and Chi-square test
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Module 1V (16 hours)

Generalized Linear Models (GLM)

Introduction to Generalized Linear Model — components (random, systematic and link function);
GLM for binary and count data;

Logistic Regression — logit model, interpretation of coefficients, odds and log-odds; multiple
logistic regression;

Model evaluation — confusion matrix, accuracy, precision, recall; Receiver Operating
Characteristic Curve and AUC;

Probit regression — concept and comparison with logit model;

Parameter estimation using Maximum Likelihood Estimation (conceptual approach);
Implementation using Python and interpretation of outputs

BOOKS FOR STUDY
1. McKinney, W. (2018). Python for Data Analysis (2nd ed.). O’Reilly Media.
2. Alan Agresti (2018). An Introduction to Categorical Data Analysis (3rd ed.). John Wiley &
Sons.
3. Hosmer, D. W., Lemeshow, S., & Sturdivant, R. X. (2013). Applied Logistic Regression (3rd
ed.). John Wiley & Sons.
4. VanderPlas, J. (2016). Python Data Science Handbook. O’Reilly Media.
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