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Postgraduate Certificate in Multivariate Analysis with R

Discriminant Analysis

Discriminant Analysis is a powerful statistical technique used to classify observations into predefined groups
based on their characteristics. It is commonly employed in various fields such as marketing, finance, biology,
and social sciences to differentiate between groups or predict group membership. In this course, we will
explore Discriminant Analysis using the R programming language to understand its principles, assumptions,
and applications thoroughly.

**Key Terms and Concepts**

1. **Discriminant Function**: A linear combination of predictor variables that best discriminates between
groups. It is used to classify observations into different groups based on their values.

2. **Group**: A category or class into which observations are classified in Discriminant Analysis. The goal is
to accurately assign new observations to these groups based on their characteristics.

3. **Predictor Variables**: Also known as independent variables, these are the variables used to predict
group membership in Discriminant Analysis. They are used to create the discriminant function.

4. **Criterion Variables**: Also known as dependent variables, these are the categorical variables
representing groups in Discriminant Analysis. The discriminant function is developed to differentiate
between these groups.

5. **Canonical Variables**: The transformed variables obtained by multiplying the original predictor
variables by the discriminant coefficients. These variables are used to calculate the discriminant scores for
observations.

6. **Wilks' Lambda**: A statistical test used to assess the significance of the discriminant function in
Discriminant Analysis. It measures the proportion of variance not explained by the discriminant function.

7. **Eigenvalue**: A measure of the amount of variance explained by each discriminant function. Higher
eigenvalues indicate greater discriminatory power in classifying observations.

8. **Prior Probabilities**: The probabilities of each group occurring in the population before any data is
collected. These probabilities are used to calculate posterior probabilities for classifying new observations.

9. **Confusion Matrix**: A table used to evaluate the performance of a classification model in Discriminant
Analysis. It shows the number of correct and incorrect classifications for each group.

10. **Cross-Validation**: A technique used to assess the accuracy of a classification model by partitioning
the data into training and testing sets. It helps to evaluate the model's generalizability to new data.

**Assumptions of Discriminant Analysis**
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1. **Normality**: The predictor variables should follow a multivariate normal distribution within each group.
Violation of this assumption may affect the accuracy of the classification results.

2. **Homoscedasticity**: The variance-covariance matrices of the predictor variables should be equal across
groups. Unequal variances may lead to biased discriminant functions.

3. **Linearity**: The relationship between the predictor variables and group membership should be linear.
Non-linear relationships may result in misclassification of observations.

4. **Independence**: The predictor variables should be independent of each other within each group.
Correlated variables may lead to multicollinearity issues in Discriminant Analysis.

5. **Equal Prior Probabilities**: The prior probabilities of each group should be equal unless there is a valid
reason to assign different probabilities. Unequal prior probabilities may bias the classification results.

**Applications of Discriminant Analysis**

1. **Customer Segmentation**: In marketing, Discriminant Analysis can be used to segment customers
based on their purchasing behavior, demographics, or preferences. This information helps businesses tailor
their marketing strategies to different customer groups.

2. **Credit Scoring**: In finance, Discriminant Analysis is used to assess the creditworthiness of individuals or
companies. By analyzing financial and demographic data, banks can predict the likelihood of default and
make informed lending decisions.

3. **Medical Diagnosis**: In healthcare, Discriminant Analysis is applied to diagnose diseases based on
patient symptoms, test results, or genetic markers. It helps healthcare professionals identify the most
effective treatment for patients.

4. **Species Classification**: In biology, Discriminant Analysis is used to classify species based on
morphological, genetic, or behavioral traits. This information is crucial for conservation efforts and
understanding biodiversity.

**Challenges in Discriminant Analysis**

1. **Multicollinearity**: When predictor variables are highly correlated, it can be challenging to estimate the
discriminant function accurately. Multicollinearity may lead to unstable coefficients and unreliable
classification results.

2. **Small Sample Size**: Discriminant Analysis requires a sufficient number of observations in each group
to estimate the discriminant function reliably. Small sample sizes can result in overfitting or underfitting of
the model.

3. **Outliers**: Outliers in the data can influence the estimation of the discriminant function and affect the
classification accuracy. It is essential to identify and handle outliers appropriately to improve the
performance of the model.
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4. **Imbalanced Data**: When the number of observations in each group is unequal, it can bias the
classification results towards the larger group. Techniques such as oversampling or undersampling can be
used to address imbalanced data issues.

5. **Missing Data**: Missing values in the predictor variables can impact the estimation of the discriminant
function and classification accuracy. Imputation techniques or exclusion of observations with missing data
may be necessary to handle this challenge.

In conclusion, Discriminant Analysis is a valuable technique for classifying observations into groups based
on their characteristics. By understanding the key terms, assumptions, applications, and challenges of
Discriminant Analysis, you will be equipped to apply this method effectively in various research and practical
settings using R.
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