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Introduction; Review of Matrix algebra; Practical examples of multivariate data; Preliminary 
data  analysis;  Examination  of  a  data  matrix,  reduction  of  a  data  matrix;  definition  and  calculation  of  sample  summary  statistics:  means,  variances,  covariance's,  correlations; Examination   and   interpretation   of   sample   correlation   matrix;   the   multivariate   normal distribution.   Study   of   relationships   (association);   One-sample   test   of   mean   vector; 
simultaneous  confidence  intervals  for  detecting  important  components;  test  of  structural relationship;  Extension  to  two-sample  tests;  principal  components  and  factor  analysis  as  a means  of  reducing  dimensionality:  Calculation  and  interpretation  of  principal  components and common factors. 

Objectives 
· To equip students with sound knowledge of extending the statistical ideas of univariate  data analysis to that of multivariate; 
· To equip them with skills of computing multivariate methods; 
· To motivate them to apply the multivariate methods to solve real life problems. 
Learning outcomes 
At the end of the course students are expected to: 
· State the basic statistical ideas of multivariate data analysis; 
· Use the basic multivariate statistical methods and interpret them. 
Course Outline 
1.  Introduction ( 6 lecture hours) 
1.1. Introduction 
1.2. Objectives 
1.3. Areas of application 
1.4. Organizing multivariate data 
1.5. Organization of data 
1.6. Descriptive statistics
1.7. Measures of linear association 
2. Review of Matrix Algebra and Random Vectors (10 lecture hours)
2.1. Basics concepts 
2.2. Vector and matrix 
2.3. Matrix  algebra 
2.4. Positive definite matrix 
2.5. Square root matrix 
2.6. Mean vectors and covariance matrices
2.7. Matrix inequalities and maximization 
3. Multivariate ,Normal Distribution  (7 lecture hours) 
3.1. Multivariate normal density 
3.2. Sampling from multivariate normal distribution 
3.3. Maximum likelihood estimation 
3.4. Sampling distribution of a sample multivariate mean and a covariance matrix 
4. Inference about a Multivariate Mean Vector (7 lecture hours) 
4.1. Inference about a mean vector 
4.2. Hypothesis testing
4.3. Hotelling's test statistic 
4.4. Confidence regions and simultaneous comparison of components 
4.5. Large sample inference about the mean vector 
5. Comparisons of Several Multivariate Means (4 lecture hours) 
5.1. Paired comparisons and a repeated measures 
5.2. Comparing mean vectors from two populations 
5.3. Comparing several multivariate population means 
6. Principal components and Factor analysis (8 lecture hours) 
6.1. Population principal components 
6.2. Summarizing sample variation by principal components 
6.3. Large sample inferences 
6.4. Common factors and estimation 
Textbook 
Johnson, R.A and Wichern, D.W. (2007). Applied Multivariate Statistical Analysis  (6th Edition). Prentice-Hall, Inc., New Jersey. 
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