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Use of PCA 
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Population structure by geography was examined using principal 

components analysis https://doi.org/10.1073/pnas.1211205110

https://doi.org/10.1073/pnas.1211205110


Three-dimensional plot of PCA using all 825 Plasmodium falciparum samples. 

PC1 separates continental clusters in Africa and Asia, whereas PC2 and PC3 

largely account for the variability in western Cambodian samples.

Ref: Fingerprinting malaria parasite drug resistance, Sanger's press 2013
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Data Presentation

• Example: 53  Blood and 

urine measurements (wet 

chemistry) from 65 

people (33 alcoholics, 32 

non-alcoholics).

• Matrix Format

• Spectral Format

H-WBC H-RBC H-Hgb H-Hct H-MCV H-MCH H-MCHCH-MCHC

A1 8.0000 4.8200 14.1000 41.0000 85.0000 29.0000 34.0000 

A2 7.3000 5.0200 14.7000 43.0000 86.0000 29.0000 34.0000 

A3 4.3000 4.4800 14.1000 41.0000 91.0000 32.0000 35.0000 

A4 7.5000 4.4700 14.9000 45.0000 101.0000 33.0000 33.0000 

A5 7.3000 5.5200 15.4000 46.0000 84.0000 28.0000 33.0000 

A6 6.9000 4.8600 16.0000 47.0000 97.0000 33.0000 34.0000 

A7 7.8000 4.6800 14.7000 43.0000 92.0000 31.0000 34.0000 

A8 8.6000 4.8200 15.8000 42.0000 88.0000 33.0000 37.0000 

A9 5.1000 4.7100 14.0000 43.0000 92.0000 30.0000 32.0000 
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• Better presentation  than  ordinate  axes?

• Do we need a 53 dimension space to view data?

• How to find  the ‘best’  low dimension space that 

conveys maximum useful information?

• One answer: Find “Principal Components”

Data Presentation

Dr. Myat Htut Nyunt, Department of Medical Research



Dr. Myat Htut Nyunt, Department of Medical Research

- invented by Pearson (1901) and Hotelling (1933)

- first applied in ecology by Goodall (1954) under the name 

“factor analysis” 

- (“principal factor analysis” is a synonym of PCA).

What is "PCA"?



• Principal component analysis: Factor model in which the factors are based on
summarizing the total variance. With PCA, unities are used in the diagonal of
the correlation matrix computationally implying that all the variance is
common or shared.

• Common variance: Variance shared with other variables in the factor analysis.

• Specific or unique variance: Variance of each variable unique to that variable
and not explained or associated with other variables in the factor analysis.

• Communality: Total amount of variance an original variable shares with all
other variables included in the analysis.

• Eigenvalue: Column sum of squared loadings for a factor, i.e., the latent root. It
conceptually represents that amount of variance accounted for by a factor.
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What is "PCA"?
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What is "PCA"?

PCA is a multivariate method used for data reducing

purposes to represent a set of variables by a smaller

number of variables called "principal components".
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• To extract the important information from the data,

• To represent it as a set of new orthogonal variables

called principal components, and

• To display the pattern of similarity of the observations 

and of the variables as points in maps.

• Principal component analysis (PCA) is a mathematical 

procedure that transforms a number of (possibly) 

correlated variables into a (smaller) number of 

uncorrelated variables called principal components 

What is "PCA"?
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Use of "PCA"

• Tool for exploratory data analysis

• Predictive model

• Data Visualization (Visualize the genetic distance and

relatedness between the population)

• Data Reduction

• Data Classification

• Trend Analysis

• Factor Analysis

• Noise Reduction

• Face recognition

• Image compression

• Gene expression analysis



 How many unique “sub-sets” are in the sample?

 How are they similar / different?

 What are the underlying factors that influence the samples?

 Which time / temporal trends are (anti)correlated?

 Which measurements are needed to differentiate?

 How to best present what is “interesting”?

 Which “sub-set” does this new sample rightfully belong?
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Example use of "PCA"



Steps
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1. Data collection and generation of the correlation 

matrix

2. Partition of variance into common and unique 

components (unique may include random error 

variability)

3. Extraction of initial factor solution

4. Rotation and interpretation

5. Construction of scales or factor scores to use in 

further analyses



Geometric Rationale of PCA

• objects are represented as a cloud of n points in a 

multidimensional space with an axis for each of the p

variables

• the centroid of the points is defined by the mean of each 

variable

• the variance of each variable is the average squared 

deviation of its n values around the mean of that variable.
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Geometric Rationale of PCA

degree to which the variables are linearly correlated 

is represented by their covariances.
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PCA is NOT…

1. Factor Analysis or Principal Coordinates Analysis (PCO)

2. A test of significance

3. No null hypothesis is required 

4. Prior to ordination – no way to objectively decide which 
variables to include

5. After analysis – no way to decide which variables were 
unimportant 

6. Cannot cope with missing values 
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Calculation in SPSS
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Input Data

- should be quantitative (interval) or ordinal.

- should be linearly related to each other (checked by scatter 

plot of pairs of variables) or at least moderately correlated to 

each other.

- minimum sample size requirement of 100.

- The ratio of cases to variables should be at least 5 to 1.

Example: With 620 and 12 variables, the ratio of cases to

variables is 51.67 to 1, which exceeds the requirement for

the ratio of cases to variables.



Calculation SPSS
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