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Statistics 

Pharm-09A8/99B9/97A14/95B7 What is meant by the term "95% confidence interval"? Explain the 
practical applications of confidence intervals and indicate why they may be preferred to p-values 

1. A 95% confidence interval is a range of values above and below a sample mean in which there is 
95% probability of containing the true population mean.  
It is given by the formula: 

𝐂𝐈 =  �̅�  ± 𝟏. 𝟗𝟔𝐒𝐄𝐌 

 
Where SEM = standard error of the mean: measures how the mean of multiple samples would 
be spread around the population mean. It is a measure of precision (not variability - SD). 

𝐒𝐄𝐌 =
𝛔

√𝐧
 

 
Thus, confidence interval is dependent on –  

a. Number of individuals in sample 
b. Variance of population 

It can be calculated for the mean, median, risk ratio, regression analysis.  

2. Practical applications: 
a. Indicates precision of sample estimates as a population value: 

i. ↑ CI  ↓ precision 
ii. To ↑ precision (↓CI) –  

1. ↑sample size 
2. ↓confidence level (↓Z) 
3. ↓ measurement errors  ↓ variance 

b. Indicates magnitude of difference of outcome between different sample groups 
i. Significant testing: 

1. If hypothesised difference is means is included in the interval such as µ1 
-  µ2 = 0, H0 not rejected 

2. If hypothesised difference is not included, H0 rejected. 
ii. OR: since OR = 1  no change of effect  CI contains 1.0 or 0 in OR  nil 

significant difference 
iii. Lowest and highest CI values correspond to lower and upper confidence limits 

c. Indicates clinical significance of the differences: 
i. Keeps units same between populations studies  easier to compare  

d. Graphical illustrations can be used to accept or reject hypothesis 
 

3. P value: the probability of falsely rejecting the null hypothesis (H0)  a marker of statistical 
significance. 

a. Use: 
i. Pre-determined by researchers, usually set at 0.05 (also 0.005, 0.1) and provide 

a probability of H0 being correct 
b. Meaning 

i. Reflects type I error (α): that the null hypothesis has been erroneously rejected 
 concluding there is a real difference when none exists. Lower α-values 
require larger population samples. 
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e.g. p=0.05  1:20 chance of incorrectly concluding a drug has an observable 
effect, when it is in fact due to chance. 

ii. p<0.05  statistically significant. 
c. Disadvantages: 

i. Loss of units  difficult to apply clinically 
ii. No indication of magnitudes of difference 

iii. No degree of biological difference between groups 
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Pharm-01A16/96B10/95A6 Describe the use of the null hypothesis and P-value in a drug trial. 

1. The null hypothesis (H0): the theory that there is no difference between the population variables 
studied.  

a. Use: 
i. Randomised drug trials where the effects of a new drug are being compared 

with that of a control/placebo on two different randomised groups. Eg – 
“morphine causes no significant difference compared to ketorolac in the 
incidence of GI bleeding post-operatively.” 

b. Meaning: based on philosophical approach to probability 
i. Rejecting hypothesis – means that significant differences were detected in the 

study populations (p<0.05).  
ii. Failure to reject – does not mean the population groups are the same, only that 

a difference could not be detected (p>0.05). 
iii. Typically paired with the alternate hypothesis which postulates a real difference 

between population variables. 
c. Value: 

i. H0 is used because it is valid to refute a hypothesis of the testable implications 
are found to be false (modus tollens), but it is not valid to accept a hypothesis of 
the testable implications are found to be true (fallacy of affirming the 
consequent).  

ii. H0 is either accepted or rejected based on probability. It cannot be definitely 
proven to be false or true.  
 

 TRUE STATE OF NATURE 

H0 true H0 false 

DECISION Accept H0 Correct  decision (1-α) Type II error (β) 

Reject H0 Type 1 error (α) Correct  decision (1-β) 

 Total 1 1 

2. P value: the probability (from 0-1.0) that the null hypothesis is correct  that any differences 
seen between 2 groups are due to chance alone.  

a. Use: 
i. Pre-determined by researchers, usually set at 0.05 (also 0.005, 0.1) and provide 

a probability of H0 being correct 
b. Meaning 

i. Reflects type I error (α): that the null hypothesis has been erroneously rejected 
 concluding there is a real difference when none exists. Lower α-values 
require larger population samples. 
e.g. p=0.05  1:20 chance of incorrectly concluding a drug has an observable 
effect, when it is in fact due to chance. 

ii. p<0.05  statistically significant. 
iii. Type II error (β): that the null hypothesis has been incorrectly accepted  that 

the differences were rejected as being due to chance, when in fact they were 
significant. This is a more acceptable error to make, so value set higher  0.2.  

iv. Power: defined as 1-β  ability to detect a difference between 2 groups when 
one exists. 

c. Value: 
i. Convention –  

P value Interpretation 

> 0.05 Result not significant where significance  evidence does not support H0. 
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<0.05 Result significant 

<0.01 Result highly significant 

ii. Disadvantage: generally not as useful as confidence interval 
1. No value on magnitude or clinical significance 
2. Eliminates units of parameters  less clinically relevant 

iii. Confidence interval more effectively describes range for treatment effect. 
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Pharm-06A8/99A9/97 In a clinical trial, why is adequate power important? What factors affect the 
determination of an adequate sample size?  

1. Statistical Power:  
a. Definition: the ability of detecting a specific difference in population parameter should 

one exist (sensitivity of study). 
b. Calculation: 

Power = 1 – β 

i. β = the likelihood of accepting the null hypothesis, when a difference does exist 
(false negative) β = 0.2, and statistical power = 0.8.  

ii. Power is set by researchers before commencement of study and must be 
adequate to: 

1. Minimise α and β errors 
2. Provide reasonable chance of finding a result (sample size) 

c. Importance: 
i. Places value on a study – high powered study is much more likely to get a result 

if one exists.  
ii. Equally, allows confident rejection of relationship if none if found to be 

significant (meaning if relationship is negative) 
iii. Low powered study is ↓ value: finding no effect meaningless 

1. Ethically: unnecessary exposure of subjects to treatment and risks 
2. Scientifically: unlikely to show statistical significance 
3. Fiscally: unnecessary costs of funding a study 

iv. Determination of sample size 
 

2. Sample size: 
a. Calculation: now high powered computers make sample size calculation more accurate. 

In the past, reference tables and normograms were used. This equation is derived from 
the Z-value, solving for n: 

𝐙 =  
�̅� −  𝛍
𝛔

√𝐧⁄
 

𝐧 =
[𝐙𝛔]𝟐

𝐝𝟐
 

 
Where, d = desired difference between sample and population mean.  

b. Relationship with statistical power: 
i. If too small  lack precision to produce significant results 

ii. If too large  waste of time / money / resources 
c. Factors affecting sample size: 

i. α: probability of committing type I error. 
1. Set 0.05. This is lower because it is felt to be more serious to introduce a 

new drug incorrectly, than to not use a new drug incorrectly. 
2. ↓α  ↑n 

ii. β: probability of committing type II error.  
1. Set 0.2 
2. ↓β  ↑ power  ↑n 

iii. ∆: magnitude of difference (effect size) 
1. Harder to detect small differences hence ↓∆  ↑n 
2. Researches must therefore decide what a clinically significant difference 

is and set this as magnitude. 
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iv. σ = variance: cannot be controlled by researchers 

1. minimised  
2. ↑σ  ↑n 

v. Drop-outs:  
1. ↑ n in order to compensate for anticipated drop-outs. 

vi. test statistic sensitivity: sensitivity of the statistic measured (parametric vs. non 
parametric) 

1. parametric more powerful  ↑n 
2. non parametric  ↑n by 10% 
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1994 Define Standard Deviation. Explain its application to the use of drugs in clinical anaesthetic 
practice.  

1. Standard deviation is a measurement describing on average how much variability there is about 
the mean. It is the most commonly used measure of variation within a population. 
 

2. Calculation: 

 𝐬 =  √
∑ (𝐱𝐢− �̅�)𝟐𝐧

𝐢=𝟏

𝐧−𝟏
 

s = √variance 

a. Variance: 
i. Take difference of each individual  value from the mean 

ii. Square the value and add them together 
iii. Divide be degrees of freedom (number of independent observations apart from 

the mean) 

𝐬𝟐
∑ (𝐱𝐢 −  �̅�)𝟐𝐧

𝐢=𝟏

𝐧 − 𝟏
 

b. Assumptions: 
i. Quantitative data 

ii. Normally distributed population 
 

3. Statistical use: 
a. Indicates to what degree a sample mean represents a real trend in the sample  how 

spread are the values around the mean? It is a descriptive term for variability of sample 
data. 

b. Advantages: 
i. Units are the same as raw data units 

ii. Arithmetically easy to handle 
c. Values: 

i. 68% population within 1SD 
ii. 96% population within 2SD 

iii. 99% population within 3SD 
d. Used to calculate: 

i. SEM (standard error of mean): 

𝐒𝐄𝐌 =  
𝐒𝐃

√𝐧 − 𝟏
 

1. Measurement of degree to which mean of sample reflects the mean of 
the true population. 

ii. CV (coefficient of variation): 

𝐂𝐕 =  
𝟏𝟎𝟎𝐬

|�̅�|
% 

iii. z transformation 
 

4. Clinical application: 
a. Confusion with SEM: 

i. SD is larger and should be used to  
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ii. describe variability 

iii. SEM is smaller (hence often presented wrongly) and is used to describe the 
precision of a sample population  how well the sample population mean fits 
the real population mean.    



 Dr Matthew Ho 
BSc(Med) MBBS(Hons) FANZCA 

 
Pharm-01B16/00A13/98B12/96A14 Briefly describe correlation and simple linear regression, and 
explain their differences. What assumptions are common to both?  

1. Both correlation and linear regression are terms used to describe the relationship between two 
variables of continuous data – a dependent and independent variable. This can be visually 
understood on a scatter diagram: 

 
2. Linear regression:  uses a line of best fit to describe the association between the two variables. 

From this, one variable can be predicted form the independent variable. 
a. Principle:  

 

b. Measurement: from a scatter plot, a line of best fit is 
derived using the sum of least squares. A line is drawn 
with the equation –  

Y = mx + b 
c. Use: 

i. m = regression co-efficient describing the type and degree of relationship 
 

3. Correlation: the level of association between two continuous variables. 
a. Principle: the line of best fit can be drawn for any set of relationships. There will be 

varying degrees of scatter from the line. Correlation measures the degree of scatter and 
hence the strength of the relationship. 

b. Measurement: by Pearson’s Correlation Co-efficient describes how closely the data on 
the scatter point assume a straight line. 
r value description 

0 No association 

0-0.4 Weak association 

0.4-0.6 Moderate association 

>0.6 Strong association 

1 Perfect association 

-1 Perfect negative association 

c. Use: 
i. Coefficient of determination (r2): quantifies the proportion of total variation 

explained by the independent variable. 
ii. Proportion of variance (1 - r2): quantifies the proportion of variance explained by 

the independent variable.  
iii. Correlation independent of units used for variables 
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4. Assumptions: 
a. Variables are normally distributed (parametric) –  

i. Spearman rank coefficient used for non-parametric analysis (equivalent to 
Pearson’s coefficient for parametric analysis) 

b. There is a linear relationship –  
i. Log transformation used to derive a linear graph 

c. Independent observations within a group – i.e. each dependent variable is independent 
of the other, and each point on the scatter graph is one measurement from one patient. 

d. Random samples from a population 
 

5. Limits: 
a. Correlation does NOT imply causation 
b. Values must be independent of each other (cannot use HR and CO) 
c. The regression line cannot extend beyond the limits of observations (extrapolation) 
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Pharm-10B8 Discuss the statistical methods which can be used for analysis of groups of categorical 
data.  

1. Statistical methods algorithm: 
a. Is the data qualitative (categorical, ordinal) 

or quantitative (numerical)? 
b. Paired vs. unpaired 
c. Number of groups: two vs. three or more 

 
2. Chi-square (χ2) 

a. Use: categorical data, independent groups, 
larger numbers 

b. Measurement: χ2 compares the frequency of 
observed and expected outcomes to see if a 
real difference exists. Measure of 
significance of relationship. 
 Event  No Event Total 

Exposure A C A+C 

No exposure B D B+D 

Total A+B C+D T 

Compare above table to 2x2 table of expected events: calculated by cross multiplication 
of observation table. 
 Expect event Expect no event Total 

Exposure W Y W+Y 

No exposure X Z X+Z 

Total W+X F+G T 

𝓧𝟐 =  
∑(𝐎 − 𝐄)𝟐

𝐄
 

P value derived from table, dividing be degrees of freedom = (r-1)(c-1) 
In a 2x2 contingency table, the following equation can be used to approximate χ2(to 
avoid having to calculate expected frequencies): 

𝓧𝟐 =  
𝐧(𝐚 + 𝐛)𝟐

(𝐚 + 𝐜)(𝐛 + 𝐝)(𝐚 + 𝐛)(𝐜 + 𝐝)
 

c. Assumptions:  
i. require frequencies not too small  ↑ type I error 

ii. if frequencies < 5  use Fisher’s exact test or add Yates correction factor 
d. Clinical: most common significance test for categorical data. 

 
3. Fisher’s exact test 

a. Use: categorical data, independent groups, small numbers/frequencies  < 5 in any 
contingency table cell. 

b. Measurement: compares the frequency of observed and expected outcomes to see if a 
real difference exists. It does not assume random sampling.  

c. Clinical: in use more frequently as computer can calculate probability more quickly 
 

4. Risk ratio / Odds ratio 
a. Use: categorical data, study relationship between variables, two groups 
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b. Measurement: compares the proportions of event outcomes to indicate the strength of 

association between the groups. Measure of strength of relationship.  
 Event  No Event Total 

Exposure A C A+C 

No exposure B D B+D 

Total A+B C+D T 

i. Relative risk: compares incidence of event among exposed with the non-
exposed. Used in prospective studies. 

𝑹𝑹 =  

𝒂
𝒂 + 𝒄

𝒃
𝒃 + 𝒅

 

RR =1  exposure has no significant effect 
RR = 3   patient 3x more likely to have outcome 
RR = 0.5  patient half likely to have outcome 

ii. Odds ratio: odds of developing disease after exposure with odds of developing 
disease without exposure. Used in retrospective studies.  

𝐎𝐑 =  
𝐚

𝐜⁄

𝐛
𝐝⁄
 = 

𝐚𝐝

𝐛𝐜
 

OR usually presented with confidence interval  significant if interval does not 
include 1.  

iii. Number needed to treat: number of patient needed to treat to avoid one 
adverse outcome. 

𝑵𝑵𝑻 =  
𝟏

𝑨𝑹𝑹
 

 
5. McNermar’s test:  

a. Use: categorical data, dependent groups, 2 groups 
 

6. Cochran’s Q: 
a. Use: categorical data, dependent groups, 3 or more groups 

 
7. Kappa statistic: 

a. Use: categorical data, measurement technique comparison  
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1991 Write short notes on non parametric statistical tests.  

1. Non-parametric data describes quantitative data which is not normally distributed. Often, there 
is a skew or bimodal distribution.  
 

2. Descriptors: 
a. Normal descriptors of parametric tests cannot be used: mean, variance, standard 

deviation, SEM. 
b. Instead: median, interquartile range (25% - 75%) 

3. Statistical tests: 
a. Choice of tests requires several other questions: 

i. Number of groups: two vs. three or more 
ii. Paired vs. unpaired 

b. Algorithm: 
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1990 Write short notes on probability  

1. Probability is the ratio of the number of ways the specified event can occur to the total number 
of equally likely events than can occur. 

𝑷(𝑬) =  
𝒏𝒖𝒎𝒃𝒆𝒓 𝒇𝒂𝒗𝒐𝒖𝒓𝒂𝒃𝒍𝒆 𝒐𝒖𝒕𝒄𝒐𝒎𝒆𝒔

𝒏𝒖𝒎𝒃𝒆𝒓 𝒑𝒐𝒔𝒔𝒊𝒃𝒍𝒆 𝒐𝒖𝒕𝒄𝒐𝒎𝒆𝒔
 

a. Range 0 – 1, where: 
i. 0 = no chance 

ii. 1 = certain chance 
 

2. Probability can be represented on: 
a. Tree diagram 
b. Contingency table 

 
3. Probability Rules: 

a. Multiplication: 

𝑷(𝑨 𝒂𝒏𝒅 𝑩) =  𝑷(𝑨)𝑷(𝑩) 

b. Addition: 

𝑷(𝑨 𝒐𝒓 𝑩) =  𝑷(𝑨) +  𝑷(𝑩) −  𝑷(𝑨 𝒂𝒏𝒅 𝑩) 

Visually seen on Venn diagram 
c. Conditional probability: the probability calculation of a subgroup sample: 

𝑷(𝑨|𝑩) =  
𝑷(𝑨 𝒂𝒏𝒅 𝑩)

𝑷(𝑩)
 

d. Independent events if: 

𝑷(𝑨|𝑩) = 𝑷(𝑨) 

 
4. Counting rules: useful for calculating the number of possible ways an event can occur, to use for 

the denominator of the probability calculation.  
a. Number of ways: multiply number of ways individual events can occur to get the 

combined number of ways. 
b. Permutations: selection of r objects from a group of n objects, with the order of 

selection important.  
i. Permutations = n! 

ii. Selecting r objects from n objects: 

𝐏 (𝐧, 𝐫) =  
𝐧!

(𝐧 − 𝐫)!
 

c. Combinations: selection of r objects from a group of n objects, with the order of 
selection non-important. 

𝐂 (𝐧, 𝐫) =  
𝐧!

𝐫! (𝐧 − 𝐫)!
 

 
5. Binomial distribution: model for outcomes limited to two choices. 

a. Binomial term: (𝑝 + 𝑞)𝑛 
p = probability successful outcome 
q = 1 – p = probability of unsuccessful outcome 
n = number of trials 
P(r successes) = Combination x binomial probability 

𝐏(𝐫 𝐬𝐮𝐜𝐜𝐞𝐬𝐞𝐬) =  
𝐧!

𝐫! (𝐧 − 𝐫)!
𝐩𝐫𝐪𝐧−𝐫 

http://www.anaesthesiamcq.com/wiki/mcqwiki/index.php/Probability
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1992 Write short notes on Student’s “t” test.  

1. The student t-test is a method of data analysis used for quantitative, parametric data of 2 
groups, usually using small samples (n<30). 
 

2. Principle: 
a. t-test is derived from the t-distribution which is a series of curves plotting the means of 

sample groups from a population. Population standard deviation (µ) usually unknown, 
so this is usually approximated by the sample standard deviation (s) where  

s = √
∑ (𝑥𝑖− �̅�)2𝑛

𝑖=1

𝑛−1
 

b. Areas under the t-curve are a function of degrees of freedom (n-1) which measures the 
quantity of information available in the data that can be used to estimate the population 
variance (σ2).  

i. N > 30, the t distribution closely approximates normal distribution that in 
practice, the normal distribution can be used and s reliably approximates σ. 

ii. Use t-distribution when: 
1. σ unknown 
2. Sample size < 30 (s can’t reliably approximate σ) 

3. Measurement: 
a. Uses difference between means of two samples and the SE. 

𝐭 =  
�̅� −  𝛍
𝐬

√𝐧⁄
 

Thus, the student’s t distribution gives a distribution of sample means. The t-curve is bell 
shaped, symmetrical and normally distributed with AUC = 1. 
Comparing the means of two independent groups: 

b. Paired vs. unpaired: 
i. Paired: analyses the same population with 2 difference interventions –  

ii. Unpaired: analyses 2 different groups with their interventions –  

𝐭 =  
(�̅�𝟏 −  �̅�𝟐) −  (𝛍𝟏 −  𝛍𝟐)

𝐬𝐩√𝟏
𝐧𝟏

⁄ +  𝟏
𝐧𝟐

⁄

 

c. t value read from tables to give p value (probability that sample mean lies within normal 
population mean distribution). 

4. Values: 
a. p  = probability that there is no difference in the means (H0) 
b. p < 0.05  reject H0  groups are from different populations 

Characteristic Population distribution Distribution sample means 

Mean µ 𝜇�̅� =  𝜇 

Measure of variation σ 𝑆𝐸(�̅�) =  𝜎�̅� =  
𝜎

√𝑛
 

 

Z score 𝑍 =  
𝑥 −  𝜇

𝜎
 𝑍 =  

�̅� −  𝜇
𝜎

√𝑛⁄
 

t statistic  
𝑡 =  

�̅� −  𝜇
𝑠

√𝑛⁄
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1991 Write short notes on bias in drug trials and how its influence may be reduced.  

1. Bias is a systematic effect in a study that produces error in the interpretation of results. 
 

2. Types of bias: 
a. Selection bias: when comparing groups with respects to some variable, a mistaken 

assumption is made that the groups represent the same population, when in fact they 
are different. This can occur due to misdirected choice or bad luck. Thus, the results are 
assumed to be determined by the variable under study, rather than another factor that 
accounts for the different group representations. 

b. Sampling bias: 
i. Convenience sampling: choosing populations who are easy to find 

ii. Systematic sampling: choosing every nth person carries error if the list has a 
cyclical pattern 

iii. Response bias: different populations respond with different frequencies 
iv. Dropout bias: populations more likely to drop out of a study. 

c. Confounding bias: multiple variables are intimately intertwined so that although we may 
assume that the variable under study is important, the truth is that the confounding 
variable is more important. 

d. Observer bias: the observer is aware that a subject has a certain disease and measures 
certain characteristic attributed to this disease. 

e. Measurement bias: the methods used for making measurements when comparing 
different groups have different scales or sensitivities. 

f. Funding bias: the selection of outcomes, test samples, or test procedures that favor a 
study's financial sponsor. 

g. Reporting bias: a skew in the availability of data, such that observations of a certain kind 
may be more likely to be reported and consequently used in research. 

 
3. Reduction of bias 

a. Randomisation of sampling populations 
b. Blinding:  

i. Single blind: patient does not known whether in treatment or control group.  
ii. Double Blind: patient and experimenter do not known which group patient is 

assigned to. Neutral party knows. This avoids measurement and observer bias. 
c. Ethical committee guidelines 
d. Pilot studies  

http://en.wikipedia.org/wiki/Funding_bias
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Pharm-08B8/04B5 What is meant by the term Randomised Control Trial (RCT)? What are the 
strengths and weaknesses of randomised control trial design?  

1. Randomised control trial: a type of prospective trial in which an intervention group is compared 
to a control group. 
 

2. Strengths: 
a. Gold standard – highest level of evidence available 
b. ↓ allocation bias: prospective nature allows ability to administer treatment in a precise, 

controlled way.  
c. ↓ selection bias: randomisation of subjects into control vs. treatment groups. This 

minimises confounders due to unequal distribution of the chosen population 
d. Consistent and standardised observations: measurements can be chosen precisely to 

make for easier comparisons. E.g. Parametric endpoints can be measured  ↑ power 
compared to non-parametric.  

e. Blinding:  ↓ patient, observer and investigator bias 
f. Control group enhances similarity of baseline features to form basis for hypothesis 

testing 
g. Sub-group analysis can ↑ clinical application 

 
3. Weaknesses: 

a. ↑ time and expense 
b. Difficult to organise and supervise 
c. Results may not mimic real life situation 
d. Ethical: allocating patients into a potentially less efficacious treatment group, difficulty 

in passing ethics testing 
e. Small trial: require stringent parameter setting to ↓ type I error. This will result in 

selections which are too specific  ↓ applicability to a large population. 
f. Large trial: ↑ power, but more expensive 
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Pharm-03A5 Outline the important statistical issues in designing a study to compare the duration of 
analgesia of two drugs given for post-operative pain relief. 

1. Aim:  
a. Null hypothesis: H0  In a post-operative population, drug A does not provide a longer 

post-operative analgesia than drug B.  
b. Background research and literature review about 2 drugs 
c. Statistician advice 

 
2. Type: given that parameter is the duration of drug effect, the best test would be prospective 

study  randomised control trial. 
 

3. Patient selection: 
a. Size: inadequate size ↓ power and ↓ ability to pick up a difference where one exists. 

But with ↑ size  ↑ cost. 
 

𝒏 >  
𝟐 (𝒛𝟏−𝜶 +  𝒛𝟏−𝜷)𝟐. 𝝈𝟐

∆𝟐
 

i. Power (1-β): where β is the probability of committing a type II error (set at 0.2 in 
most anaesthetic studies) 

ii. Type I error α: the probability of committing a type I error (false positive), 
usually set at 0.05 in anaesthetic studies. 

iii. Population variance: ↑ variance requires ↑ n 
iv. Effect size: more difficult to pick up small effect  ↑ n 
v. Test measurement: parametric measurement (duration of pain score)  

b. Inclusion/exclusion 
c. Control: generally, one of the drugs is the ‘gold standard’ or mainstay of clinical post-

operative analgesia practice. This would be used in the control group. 
d. Intervention: the new or unknown drug is used in the intervention group. 

 
4. Method: 

a. Allocation:  
i. Randomisation involves stratifying the groups to ensure they remain similar 

after allocation. Common groups include  gender, surgery type, co-
morbidities, anaesthetic agents used.  

ii. Advantage: ↓ systematic error and confounding factors 
b. Administration of drugs: 

i. Standardisation: of surgical and anaesthetic technique 
ii. Blinding: administrators and patients are blinded to minimise bias  double 

blinding preferred. 
c. Ethical issue consideration: 

i. Approval from ethics committee 
ii. Informed consent 

iii. Parameters of ceasing study if one group is missing out on clearly superior 
treatment 

 
5. Data collection 

a. End points: decided before commence of study to maximise ease of comparison and 
power of study – generally parametric parameter used 

i. Primary endpoint - “duration of analgesia as identified by pain score / VAS” 
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ii. Surrogate end-points studied: side-effects, satisfaction score, time to onset 

b. Analysis: involves the application of statistical tests to determine P value  the 
likelihood that the two populations are from the same population. 

i. Parametric tests (t-test) are preferred but require: 
1. Quantitative interval or ratio data 
2. Normally distributed data 
3. Independent observations within group 
4. Samples randomly drawn from population 

ii. Non-parametric test requires in this case (Mann-Whitney U test) because 
1. Ordinal data (VAS / pain score) 
2. Non-normal distribution 
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Pharm-09B8 Mean arterial blood pressure has been measured in two groups of patients one hour 
after the administration of either a placebo or an antihypertensive drug. Explain how these data 
could be analysed. 35%  

1. The controlled administration of a placebo or antihypertensive drug occurs in a randomised 
control trial. This produces data which can be analysed in a number of ways depending on the 
study design. 
 

2. Hypothesis: null hypothesis is defined in order with the aim of the study – “that there is no 
significant difference between the anti-hypertensive and placebo drug on the effect of blood 
pressure one hour post-administration.” The aim of the study is to disprove the null hypothesis.  
 

3. Data characterisation: 
a. Qualitative (Categorical, ordinal) – conversion of BP into discreet categories 
b. Quantitative (numerical, continuous, ratio) – raw BP data 

 
4. Appropriate test analysis depends on several questions: 

a. Nature of data: Qualitative vs. quantitative data 
b. Type distribution: Parametric vs. non-parametric 
c. Number of groups: two vs. three/more 
d. Paired vs. unpaired  

 
5. Algorithms: 

a. Chi square, Fisher’s exact, Yates correction:  
 No drop Low drop Mod drop High drop Total 

Drug A C E G  

Placebo B D F H  

Total      

i. Use: qualitative, 2x2 contingency table 
b. Students t-test: 

i. Use: numerical, parametric, paired, two groups 
c. Unpaired student’s t-test: 

i. Use: numerical, parametric, unpaired, two groups 
d. Pair ANOVA: 

i. Use: numerical, parametric, paired, three or more groups 
e. Unpaired ANOVA: 

i. Use: numerical, parametric, unpaired, three or more groups 
 

6. Results: the statistical tests analysed the data and quantify the likelihood of the null hypothesis 
being true or false. Commonly, this is given in terms of: 

a. P value: the likelihood of falsely rejecting the null hypothesis. The standard P value 
acceptable for rejection of the hypothesis is p<0.05. 

b. Confidence interval: the range of values above and below a sample mean in which 
there is 95% probability of containing the true population mean. This is a more 
useful test than the p value as it quantitates the clinical significance of the study. 
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Pharm-07B4/06B6 A new clinical test called the "intubation score" has a reported 90% sensitivity and 
70% specificity when used to predict difficult intubation. Describe how the accuracy, predictive value 
and clinical utility of this test can be evaluated. How will the incidence of difficult intubation affect 
the performance of this test?   

1. New investigations are statistically assessed in terms of their sensitivity, specificity, positive and 
negative predictive values, which can be calculated using 2x2 contingency tables: 

 Outcome  

Yes No Total 

Intubation score test Yes TP FP + test 

No FN TN - ve 

Total  + outcome - outcome  

TP = true positive (difficult intubation successfully predicted) 
TN = true negative (easy intubation successfully predicted) 
FP = false positive (easy intubation, positive test) 
FN = false negative (difficult intubation, negative test) 

2. Accuracy: this is measured by sensitivity and specificity. As the intubation score is a screening 
test, a high sensitivity is more important than a high specificity as screening tests need to be 
effective in identifying populations at risk of a positive outcome, so that primary prevention 
techniques can be instituted.  

a. Sensitivity: rate of true positives 
i. Equation:  

𝑺𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚 =  
𝑻𝑷

𝑻𝑷 + 𝑭𝑵
 

ii. Use: ↑ sensitivity required for a good screening test as it picks up a large 
proportion of actual positives, and has low FN rate. 90% is a reasonable 
sensitivity for an intubation score.  

b. Specificity: rate of true negatives 
i. Equation: 

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄𝒊𝒕𝒚 =  
𝑻𝑵

𝑻𝑵 + 𝑭𝑷
 

ii. Use: ↑ specificity required for a good diagnostic test as it excludes negative 
outcomes.  It is not as important for a screening test. 70% is a good specificity 
for an intubation score.  

 
3. Predictive values: provide a measurement of the overall precision of a test with regards to its 

positive and negative results. 
a. Positive predictive value: precision with which difficult intubations can be predicted 

i. Equation: 

𝑷𝑷𝑽 =  
𝑻𝑷

𝑻𝑷 + 𝑭𝑷
 

ii. Use:  
1. high PPV  low risk of incorrect positive outcome prediction (↓FP rate) 
2. related to Bayers theorem : 

𝑷𝑷𝑽 =  
𝒔𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚 𝒙 𝒊𝒏𝒄𝒊𝒅𝒆𝒏𝒄𝒆

𝑻𝑷 + 𝑭𝑷
 

 
b. Negative predictive value: precision with which difficult intubations can be excluded. 

i. Equation: 
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𝑵𝑷𝑽 =  
𝑻𝑵

𝑻𝑵 + 𝑭𝑵
 

ii. Use: high NPV  low risk of incorrect negative outcome prediction (↓FN rate) 
 

4. Incidence: the rate per unit time (usually one year) at which a positive outcome occurs. 
a. ↓ incidence (difficult intubations) - ↓ positive predictive value of a test as per Bayer’s 

theorem. 
b. Incidence has no effect on sensitivity or specificity 

 
5. Clinical utility: depends on sensitivity, specificity and incidence.  

a. Error: commonly, diagnostic tests are described purely in terms of their sensitivity and 
specificity which only tell us what proportion of test results are correct. The PPV and 
NPV are of greater clinical value as they inform us of the likelihood of disease/outcome 
given a particular result.  

b. This case: Due to extremely low incidence of failed intubations, clinical utility is limited 
 low PPV.  
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Algorithms for Statistics tests 

 
Qualitative vs. 
Quantitative 

Parametric vs. 
Non-parametric 

Number 
groups 

Independent vs 
dependent 

TEST 

Quantitative Parametric 2 Independent t-test 

Quantitative Parametric 2 Dependent Paired t-test 

Quantitative Parametric >2 Independent One-way ANOVA 

Qualitative Non-Parametric >2 Independent Kruskal-Wallis test 

Quantitative Non-parametric 2 Dependent Wilcoxon test, Mann-Whitney U  

Qualitative Non-parametric  Independent  Fisher’s exact test 

Qualitative Non-parametric 2 Dependent McNermar’s test 

Qualitative Non-parametric 2 Independent Chi-square, relative risk, Odds ratio,  

Qualitative Non-parametric 2 Dependent Spearman rank order 

 

Comparison Goal 
Normally Distributed 
(Parametric) Interval 
Data 

Nonparametric Interval 
Data 

Categorical Data 

Describe group Mean ± SD 
Median, mode, 
percentile 

Counts and proportions 

Compare group with 
value 

One sample  t-Test Wilcoxon Chi-square 

Compare two groups 
Two Sample Unpaired t-
test 

Mann-Whitney Chi-square, Fisher 

Two paired groups Two sample Paired t-test Wilcoxon McNemar 

Three or more groups ANOVA Kruskal-Wallis Chi-square 

Multiple matched groups 
Repeated-measures 
ANOVA 

Friedman — 

Regression Linear regression 
Nonparametric 
regression 

Logistic regression 

 


