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Content, Schedule

1. Scientific literature: 
● Literature search
● Structure biomedical papers, engineering papers, technical reports
● Experimental design, correlation, causality.

2. Presentation skills: 
● Report –  Written report on literature search (individual)
● Talk – Oral presentation on biomedical implant (individual and group) 

3. Graphical representation of data: 
● Introduction to MATLAB
● Plot formats: line, scatter, polar, surface, contour, bar-graph, error bars. etc.
● Labeling: title, label, grid, legend, etc.  
● Statistics: histogram, percentile, mean, variance, standard error, box plot

4. Biostatistics:  
● Basics of probability   
● t-Test, ANOVA 
● Linear regression, cross-validation 
● Error analysis
● Test power, sensitivity, specificity, ROC analysis
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Correlation versus Causality

Consider hair length and testosterone levels. One may observe in a 
given sample of the population a strong correlation (in our culture 
testosterone correlates strongly with short hair). But this does imply 
a mechanistic or causal link between the two: 

Cutting ones hair will not increase testosterone levels, nor will a 
testosterone injection reduce the length of your hair (if anything it 
will cause the opposite). 

Correlation does not imply causality!

To test causality on has to be able to manipulate one of the 
variables (the independent variable) and observe how this affects 
the other variable (dependent variable). 
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Correlation versus Causality

Which of these questions on NEAT behavior and percent body fat 
does the paper by Levine et al. Science 2005 address?

Which were Levine's dependent and independent variables?
What experiment would answer the missing link? 
What would be the corresponding independent/dependent variable?

NEAT

Does NEAT 
determine body fat?

Does % body 
determine NEAT?

% body fat

Is there a 
correlation?
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Correlation versus Causality
Extracted from Levine et al., Science, 307 (5709): 584-86, 2005
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Correlation versus Causality
Extracted from Levine et al., Science, 307 (5709): 584-86, 2005
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Correlation without causality Causality?

When two variables are correlated, yet they do not causally affect 
one another it means there are one or more  'hidden' causes or  
unobserved conditioning variables, e.g. 

 

Once we factor out the hidden variables we may find that there is 
no correlation. For instance by measuring correlation within a 
given gender, i.e. we control for gender by fixing this variable.

We call this 'conditional independence'.

Length of hair Testosterone

Culture & Gender
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Experimental design

Observational study: It can only show association between 
variables but not causal dependency. (e.g. NEAT correlates with % 
body fat.)

Prospective Study: Can show causality (or disprove it). The 
independent variable is manipulated and one observes how the 
dependent variable changes as a result. (e.g. increasing body fat 
does not reduce NEAT)

Case-controlled study:  Compares the dependent variable for two 
groups that are identical except for the independent variable. Can 
be done retrospectively. May show causality provided that the two 
groups are really “identical”, i.e. Are all possible relevant variables 
matched/controlled?
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Experimental design

Assignment 3: 

1. Find a publication for one observational study, one prospective 
study, and one case-controlled study – ideally on the topic that 
you have selected for assignment 4.

 
2. Describe the relationship that is shown. Is the relationship only 

a correlation, or is it also a causality, and if so, which direction 
of causality?

3. Name the dependent variables, independent variables, and 
control variables.


