
C. Statistics

a. Describe the stages in the design of a clinical trial, taking into account the: 
research questions and hypothesis, literature review, statistical advice, choice of 
study protocol, ethical issues, data collection and processing.

b. Explain concepts in statistics such as: distribution of data and frequency 
distributions, measures of central tendency and dispersion of data and the 
appropriate selection and application of non-parametric and parametric tests in 
statistical inference.

data types
nominal

a list of possible results
e.g. death/discharge/transfer to another institution

ordinal
an ordered grouping of results on a scale with discrete points

e.g. ASA status, Duke’s staging
numerical

interval
equal intervals between values but no absolute zero

e.g. temperature in ˚C
ratio

a linear scale from an absolute zero
e.g. mean arterial pressure

parametric
data which are distributed normally

variable
a measurement of a sample

parameter
a measurement of the population

measurement of central tendency
mean

arithmetic

the average of numerical data: 
  
X =

Xi∑
n

geometric
the nth root of the product of numerical data

  GM = X1X2…X n
n  or 

  
ln GM =

ln Xi

n∑
not applicable to nominal or ordinal data
affected by outliers

median
the middle result in rank order

mode
the most common result in data on a discrete scale
distributions may have more than one mode

measurement of variability
range

the difference between largest and smallest values
interquartile (25%-75%) or 5%-95% ranges are sometimes quoted
suitable for ordinal or interval data

variance

  
var =

(X − X )2∑
n
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suitable for interval data only
standard deviation

  
s =

(X − X )2∑
n − 1

n is used for descriptions of a sample and n-1 for descriptions of a population 
derived from a sample
both variance and standard deviation are a function of the population and do 
not change with sample size
comparing variances of samples is a test to see if they are from the same 
population: “F test”

coefficient of variation
the standard deviation as a percentage of the mean
allows comparison of the degree of variance between measurements of 
different quantities
independent of sample size and mean value
  CV = s ÷ X 

F-test
variances of data sets can also be compared using the F-test
larger variance is divided by smaller variance
tables provide a confidence limit for the ratio obtained that the data sets are 
from the same population

standard error of the mean
describes the relationship between the sample mean and the population mean
  SEM = s ÷ n
for a normally distributed data set, the population mean has a probability of 
96% of falling within 2xSEM of the sample mean
this is used to provide confidence intervals from sample data
confidence intervals are now preferred to p values
SEM falls with increasing sample size

hypothesis testing
null hypothesis (H0)

“there is no difference between groups studied”
alternate hypothesis (H1)

“there is a difference between groups studied”
type I error

false conclusion that H0 is false based on sample
(spurious “significant” result)

probability of a type I error in a given study is called “α”
probability that a type I error has occurred is called “p”

type II error
false conclusion that H0 is true based on sample

(missing a real difference)
probability of a type II error in a given study is called “ß”
ß varies inversely with α, depending on study design

significance
an arbitrary decision as to the maximum p value acceptable as evidence that 
H0 is false
typically 0.05 for biological studies

power
probability of finding H0 is false given that it really is false

(finding a real difference)
power = 1 - ß
increases with sample size, α, parametric (>non-parametric) analysis

distributions
binomial
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describes the probability distribution for
a fixed number of independent events
with two possible outcomes of constant probability

probability of x succeses each of probability π from n trials is
P(x; n, π) = nCx πx (1 - π)n-x

for large values of n, this approaches normal distribution
poisson

describes distribution of results where an event occurs with a known frequency 
(λ) at random intervals

normal
a symmetrical distribution representing the limit of the binomial distribution 
as n approaches ∞

parametric tests
require

normal distribution
similar variance between data sets (F-test)
independent data sets

Student’s t-test
compares two groups from the same population to detect a difference in means 
at a specified level of significance

  

t =
X 1 − X 2

SE
X 1

2 + SE
X 2

2
 or

  
t =

X 1 −X 2
varp( 1n1 + 1n2 )

 where 
  
varp =

var1+ var2

(n1 − 1) + (n2 − 1)
in principle, t is a mean divided by a SEM
t is an expression of the spread of the SEM distribution for a given sample size 
(degrees of freedom). There is a 95% probability that the population mean lies 
within t x SEM of the sample mean. t approaches 1.96 as sample size 
approaches ∞, and is approximated to 1.96 for n>30.
the result t is compared with tables giving minimum values of t for specified 
significance and degrees of freedom
can be performed on paired (dependent) or unpaired data, one- or two-tailed 
depending on whether the alternative hypothesis postulates a direction for 
change of the mean

ANOVA (analysis of variance)
compares the variance of multiple groups

against the “independent variable” (one-way ANOVA)
or against each other (Multiple ANOVA)

by calculating an F-ratio
= between-groups variance ÷ within-groups variance

this identifies the presence of a difference but not which groups cause it
multiple comparison tests

used to identify different groups from ANOVA
based on t-test but modified to diminish the risk of type I error
many eponymous varieties

Bonferroni, Newman-Keuls, Duncan, Dunnett, Dunn, Tukey, Scheffe, 
Least significant difference etc.

non-parametric tests
suitable for ordinal data and data which is not normally distributed
less power than parametric tests
Wilcoxon signed ranks test ≈ paired t-test
Mann-Whitney u test ≈ 2-tailed t-test

two data sets to compare
all data are ranked 1 to n1+n2 → rank sums R1 and R2
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U = n1n2 + 1/2(n1(n1 + 1)) - R1

U is compared with values for a specified α and degrees of freedom
Kruskall Wallis test ≈ ANOVA
Friedman’s test ≈ Multiple ANOVA
Spearman rank order r
χ2 test

used for nominal data
compares rates of indepedent events for significant difference
requires expected rates of more than 5 events in ≥80% of cells

(otherwise use Fisher’s Exact Test)

  
χ2 =

(O −E)2

E∑  where E is the expected number and O the observed number of 

events
tables of χ2 values for levels of significance and degrees of freedom
degrees of freedom = (interventions - 1) x (outcomes - 1)

Vomiting No Vomiting Total
Antiemetic 10 90 100

Placebo 30 70 100
Total 40 160 200

Evomiting = 20 in each group, Eno vomiting = 80 in each group
χ2 = 5 + 5 + 1.25 + 1.25 = 12.5, df = 1
Yates correction for 2x2 matrices with fewer than 40 trials reduces the 
magnitude of (O - E) by 0.5 for each term in χ2

Fisher’s exact test for small sample sizes in 2x2 matrices calculates p 
regardless of df using the binomial distribution

p = R1!R2!C1!C2! ÷ n!n11!n12!n21!n22!
for the example p=0.000248
onerous to calculate for large n

McNemar’s test is used for matched data.
odds ratio

the ratio of the incidence of an outcome in an exposed group versus a control 
group in a case-control study
called a “risk ratio” in a prospective cohort study
a confidence interval associated with an odds ratio does not span 1 if the 
correlation is significant
odds ratio describes the strength of association as well as its presence

regression and correlation
regression is a mathematical description of the association between two variables
the dependent variable is plotted on the Y axis
linear regression produces a relationship y=ax+b such that

∑ (Yi - aXi+b)2 for the set of data points is minimized
correlation is a description of the tightness with which a data set matches a 
regression

  
a =

(X i − X )(Yi −Y )∑
(Xi − X )2∑

  b = Y − aX 
the coefficient of determination, r2 expresses strength of correlation (from 0 to 1)

  
r2 =

(aXi + b − Y )2∑
(Yi − Y )2∑

the correlation coefficient is r (varying from -1 to +1)
r2 expresses the proportion of the value of the dependent variable attributable to the 
independent variable
Regression assumes a constant variance over the range of data. If variance is not 
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constant, a correction factor is added to the “least squares” calculation.
Where the nature of the relationship between dependent and independent variables 
is known to be of a non-linear nature (e.g. dose-response), a transform can be applied 
to the data to render the relationship linear (e.g. Hill plot or Lineweaver-Burke plot).

sequential analysis
suitable for paired subjects giving nominal results

e.g. drug vs placebo: vomiting or no vomiting
a curve can be drawn on a graph of “number of untied pairs” versus “excess 
outcomes”, the boundaries of which mark statistical significance at a specified p 
value and H0 demonstrated:

unmatched pairs

ex
ce

ss
 re

su
lts

H1 demonstrated

H0
demonstrated

allows termination of a trial as soon as significance is achieved
largely obsolete technique, replaced by interim analysis (with a low p)

Ratio
the number of one of two possible results divided by that of the other
used for comparison between data sets

Rate
the number of one result divided by the total number of data points
applicable to ordinal and nominative data

c. Explain the principles of errors of statistical inference and describe techniques 
to minimize such errors through good study design.

d. Describe the features of a diagnostic test, including the concepts: sensitivity, 
specificity, positive and negative predictive value and how these are influences 
by the prevalence of the disease in question.

sensitivity
a property of a test, regardless of the population tested
the proportion of subjects having the attribute being tested for who show a positive 
result for the test
e.g. proportion of hepatitis B infected patients testing positive for hepatitis B surface 
antigen (HBsAg)
= true positives ÷ (true positives + false negatives)

specificity
the proportion of subjects not having the attribute being tested for who show a 
negative result for the test
e.g. proportion of patients without hepatitis B testing negative for HBsAg
= true negatives ÷ (true negatives + false positives)
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