Sensitivity and Specificity 
Scientific questions that require or are made easier to answer by binary tests

Diagnosis of disease in a clinical setting

Screening individuals to identify those who might need further testing to determine disease status 

Surveillance for



Cancer and other diseases



Infectious disease outbreaks




Bioterror agents 

Identifying sequence characteristics across the genome

Quantitative characteristics of tests


Classification accuracy: How well does the test do at classifying those who have disease and those who don’t?
Predictive accuracy: How well does the test predict disease status?
Note: Both assume a “gold standard” to which we can compare 
Classification
How well does test identify those who have the disease or the characteristic of interest?

Sensitivity: Probability the test result is positive if the person has disease
In a population with 1000 individuals, 100 have the disease.  The screening test given to each of the individuals was positive for 80 of the 100 diseased individuals.   
 

Sensitivity = 
How well does the test identify those who do NOT have the disease?

Specificity: Probability the test result is negative if the person does not have disease

In the same population as above, the test was negative for 800 of the 900 non-diseased individuals.

Specificity = 

Sensitivity and specificity are conditional probabilities
Notation:  Let 
D+  be the event that an individual has disease

D-  be the event that an individual does not have disease

T+  be the event that an individual has a positive test result

T-  be the event that an individual has a negative     test result

Sensitivity = Probability (T+ given D+) = P(T+ | D+)

Specificity = Probability (T- given D- )  = P(T- | D-)

We can put the results from the test in a 2x2 table:

	
	
	Disease Status
	

	
	
	Diseased (D+)
	Not Diseased (D-)
	Total

	Test Result
	Positive (T+)
	80
	100
	180

	
	Negative (T-)
	20
	800
	820

	
	
	
	
	

	
	Total
	100
	900
	1000


P(T+ | D+) =





P(T+ | D+) =


	
	
	Disease Status
	

	
	
	Diseased (D+)
	Not Diseased (D-)
	Total

	Test Result
	Positive (T+)
	True positive
	False positive
	Positive

	
	Negative (T-)
	False negative
	True negative
	Negative

	
	
	
	
	

	
	Total
	Diseased
	Non-Diseased
	


Why sensitivity and specificity?

What is the probability of a false positive? 
P(T+ | D-) = 

What is the probability of a false negative? 
P(T- | D+) =


Sensitivity P(T+ | D+) = 
Specificity P(T- | D-) = 
High sensitivity               low false negative rate (it is sensitive or picks up disease when present)
High specificity               low false positive rate (it is specific - not likely to be false alarm)
	
	
	Disease Status
	

	
	
	Diseased (D+)
	Not Diseased (D-)
	Total

	Test Result
	Positive (T+)
	True positive
	Type 1 error
	Positive

	
	Negative (T-)
	Type 2 error
	True negative
	Negative

	
	
	
	
	

	
	Total
	Diseased
	Non-Diseased
	


Prediction
We also want to know what a positive or negative test means for the individual: How likely is disease given the test result?
	
	
	Disease Status
	

	
	
	Diseased (D+)
	Not Diseased (D-)
	Total

	Test Result
	Positive (T+)
	80
	100
	180

	
	Negative (T-)
	20
	800
	820

	
	
	
	
	

	
	Total
	100
	900
	1000


How often does a positive test mean that the person really has disease?

Positive predictive value (PPV) = P(D+ | T+)
PPV = 
How often does a negative test result mean that the person really doesn’t have disease?

Negative predictive value (NPV) = P(D- | T-)
NPV =  
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