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WHAT	  IS	  STATISTICS



Mathematics and Statistics



Fact and Truth

Great Philosopher said: 
“ If you want to learn more about FACT, 

please ask STATISTICIAN; 
 If you want to learn more about TRUTH, 
please ask MATHEMATICIAN.” 









Role of Medical Statistician

•  Should be involved in the beginning of study 
•  Advise on study design 
•  Calculation of sample size (if appropriate) 
•  Choice of appropriate statistical test 
•  Data analysis 
•  Data management 
•  Interpretation of statistical result



“To call in the statistician after the experiment is 
done may be no more than asking him to 
perform a post-mortem examination: he may 
be able to say what the experiment died of” 

-  Sir R.A. Fisher 
 Indian Statistical Congress (1938)



Steps of setting study
1.  decide the aim of study 
2.  recruit the relevant party 

(including statistician) 
3.  set up the research 

question(s) of study 
4.  decide the level of 

significance 
5.  determine sample size 
6.  design the data 

collection form or 
questionnaire 

7.  decide statistical test used 
8.  Sampling 
9.  data collection 
10.  clearing data 
11.  statistical analysis - 

hypothesis testing 
12. write up report 
13.  publication or 

presentation



Steps of hypothesis testing
1.  set up alternative hypothesis (according to the 

research question) 
2.  set up null hypothesis (negation of alternative 

hypothesis) 
3.  apply appropriate statistical test (according to 

data type and assumption) 
4.  generate test statistics and p-value 
5.  make statistical decision 
6.  express conclusion



Hypothesis test



Null / Alternative Hypothesis

•  The null hypothesis typically corresponds to a 
general or default position, that are capable of 
being proven false using a test of observed data. 

•  It is typically paired with a second hypothesis, the 
alternative hypothesis, which asserts a particular 
relationship between the phenomena. 

•  It is important to understand that the null 
hypothesis can never be proven. Your data can 
only reject a null hypothesis or fail to reject it.



Hypothesis of one sided test

H0 : MA ≦MB 

H1 : MA > MB 

Where H0 is null hypothesis 
 and H1 is alternative hypothesis



Hypothesis of one sided paired test

H0 : MA – B ≦0 

H1 : MA – B > 0 

Where H0 is null hypothesis 
 and H1 is alternative hypothesis



Hypothesis of two sided test

H0 : MA = MB 

H1 : MA ≠ MB 

Where H0 is null hypothesis 
 and H1 is alternative hypothesis



Hypothesis of two sided paired test

H0 : MA – B  = 0 

H1 : MA – B ≠ 0 

Where H0 is null hypothesis 
 and H1 is alternative hypothesis



Hypothesis test

•  We decide that we should “reject” the 
hypothesis or not. 

•  If we want to know whether A is true 
•  We set a null hypothesis – A 
•  Then, by means of rejecting null hypothesis to 

prove A is true 
•  Why?



Hypothesis test

•  We cannot check all the case in the world to 
prove the hypothesis is true 

•  But once there is a contra-example, we can 
disprove a statement or hypothesis 

•  So, it is easier to reject a null hypothesis rather 
than test all the case in the world to check a 
hypothesis 

•  It is the concept of Falsifiability or 
Refutability.



Falsifiability

	  A theory can be contradicted by an observation 
or the outcome of a physical experiment. That 
something is "falsifiable" does not mean it is 
false; rather, that if it is false, then some 
observation or experiment will produce a 
reproducible result that is in conflict with it.



•  Sir Karl Raimund 
Popper (1902 – 1994) 

•  From 1930 to 1936, he 
taught secondary school. 
Popper published his first 
book, Logik der 
Forschung (The Logic of 
Scientific Discovery) in 
1934, in which he 
introduce the concept of 
Falsifiability.



Reject the hypothesis

•  The hypothesis is rejected if a sample is 
selected whose values are one of the 5% most 
extreme outcomes that might occur if the 
hypothesis were true. 

•  In case of one way testing, 5% in one side 
•  In case of two way testing, 2.5% in each side.



P value 

•  P value is the probability of obtaining a test 
statistic at least as extreme as the one that was 
actually observed, assuming that the null 
hypothesis is true 

•  P < 0.05 is usually regarded as statistically 
significant 

•  Not significant does not mean “there is no 
difference” or “there is no effect”.  It means there 
is insufficient evidence for a difference or effect 

•  Exact p values should be given with estimates and 
confidence intervals wherever possible. 





t - test



T-test for 2 independent means 

•  Null hypothesis 
– Two samples come from population with 

same means 
•  Assumptions of test 
– Continuous data with normal distribution 
– Variances are the same 



T-test for 2 independent means 

•  If assumptions do not hold 
– The statistical test is dubious and the p value 

may be wrong 
– Try transformation of the data 
– It is robust to slight skewness (2 samples 

with same size) but is less robust if 
variances are clearly different 
– Skewness and different variance can be 

corrected by transformation. 



Where 

Degree of freedom



T test for paired (matched) data 

•  Also called one sample t-test 
•  It analyses mean difference in paired sample 
•  Null hypothesis: means difference is zero 
•  Assumption 
– differences follow a normal distribution 
– variance are constant 

•  If assumption do not hold – transform the raw 
data (not the difference) 



Where XD and sD is the average and standard 
deviation of the differences 

The degree of freedom is n-1







Chi-squared test



Chi-squared test 

•  Tests for association between two categorical 
variables 

•  Based on the chi-squared distribution with n 
degree of freedom 

•  df = (no. of row – 1) x (no. of column – 1) 
•  It gives p value but not direct estimate or 

confidence interval 



Chi-squared test 

•  Null hypothesis 
– There is no association between the two 

variables in the population form which the 
samples come 

•  Assumptions of test 
– Large sample size 
– At least 80% of expected frequencies must 

be greater than 5 



Chi-squared test 
•  If assumption do not hold 
– Collapsing the table 
– Continuity correction (Yates’ correction) 
– Fisher’s exact test 

•  Doing chi-squared test 
– Always use with frequencies, never use 

percentage 
– The formula works with all size tables 
– Can be done by computer program 



where 
Χ2 = Pearson's cumulative test statistic, which 

asymptotically approaches a χ2 distribution. 
Oi = an observed frequency; 
Ei = an expected (theoretical) frequency, asserted by the 

null hypothesis; 
n = the number of cells in the table.



Yates’ Correction 

•  Chi-squared test based on frequencies 
(discrete) whilst the chi-squared distribution is 
continuous. 

•  The fit is not good in small sample size 
•  Yates’ correction modified the chi-squared 

formula to make better fit 
•  Corrected p value (slightly bigger) should be 

reported 



where: 
Oi = an observed frequency 
Ei = an expected (theoretical) frequency, asserted by the 

null hypothesis 
N = number of distinct events



Fisher’s Exact test



History

•  Fisher is said to have 
devised the test 
following a comment 
from Muriel Bristol, 
who claimed to be able 
to detect whether the 
tea or the milk was 
added first to her cup in 
1922



Fisher’s Exact test 

•  Useful for small samples where chi-squared 
test is invalid 

•  Tests for an association between 2 categorical 
variables 

•  Normally used for 2 x 2 tables, but computer 
program allow for bigger tables 

•  Evaluating the probabilities associated with all 
possible tables which have the same row and 
column totals as the observed data, assuming 
the null hypothesis is true 



Fisher’s Exact test 

•  Based on exact probabilities, it is 
computationally intensive and may be slow or 
fail for large sample size. 

•  Give p values but not direct estimate or 
confidence interval 



Fisher’s Exact test 

•  Null hypothesis 
– No association between the two variables in 

the population from which the samples 
come 
– Same null hypothesis as the chi-squared test 

•  Assumptions of test 
– none 



Fisher’s exact test 

•  Always use with frequencies, never use 
percentages for calculation 

•  No simple formula, statistical program needed 
•  Unless with good reason, use the two-sided p 

value 
•  It gives p values at least as big as the chi-squared 

test.  For large sample size, p values are similar 
•  If in doubt about the sample size, use Fisher’s 

exact test instead of chi-squared test. 



a b a + b
c d c + d

a + c b + d a + b + c + d







Correlation



Pearson’s correlation

•  It investigate the strength of a linear 
relationship between two continuous variables 

•  It is used when neither variable can be 
assumed to predict the other 

•  It gives an estimate, the correlation coefficient 
and a p value 

•  A confidence interval can be calculated



Pearson’s correlation

•  Assumption 
– The relationship is linear 
– Normal distribution 
•  For significant test – at least one variable to be normally 

disturbed 
•  For confidence intervals – both variables should be 

normally distributed 





Interpretation of r

•  r tells us how close is the linear relationship 
between two variables 

•  It lies between +1 and -1 
•  Negative (positive) values indicate negative 

(positive) linear relationship 
•  r = 0 indicate that is no linear relationship 
•  The closer the value +1 or -1, the stronger 

relationship between two variables 







Outlier

•  If outlier is removed, r is closer to +1 or -1



Influential point

•  If influential point is removed, r is closer to 0



Test and estimate of r

•  A significant test can be done with 
null hypothesis that  r = 0 

•  A confidence interval of r can be 
calculated 

•  Statistical significance of r directly 
related to sample size 
– If sample size is large, it may be 

statistically significant even the 
relationship is weak







•  NEVER accept null hypothesis 

•  If null hypothesis can’t be rejected, concluded 
as: “There is inadequate evidence to show … 
at 5% significant level” 

•  If null hypothesis was rejected, concluded as: 
“There is evidence to show … at 5% 
significant level”



•  No causal relationship can be confirmed by 
hypothesis testing. 

•  Prospective study can strengthen the temporal 
(but not causal) relationship between factors. 

•  Hill’s Criteria of causation.



Weakness of using hypothesis 
testing in medical research



Can Statistical Results apply to 
clinical setting?

Can collective phenomena explain 
individual behavior?



Ecology Fallacy



•  Macroscopically, the survival rate of a 
particular disease is n% 

•  Microscopically, if a patient survives, 
survival rate is 100%; if patient dies, 
survival rate is 0% - all or none 

•  Use of multiple regression analysis can 
partially solve the problem and try to 
individualize the treatment.



Deduction vs Induction



Deductive Reasoning



Inductive Reasoning



Clinical Inductive / Deductive Reasoning

•  Inductive Reasoning – symptoms of a 
patient is …, and we draw a list of 
differential diagnoses 

•  Deductive Reasoning – we have a 
particular diagnosis in mind and compare 
the symptoms of the patient to see whether 
he fit the diagnosis or not.



Deductive Reasoning

•  We can only acquire part of the 
truth with deductive reasoning, 
depends on the hypothesis we set. 

•  Example: investigator can only 
prove there is tail or a head in coin



5%?



Why 5% is chosen?
•  Fisher worked at the Rothamsted Experimental 

Station located in Harpenden, England, from 
1919–1933.  While there, he studied crop yields 
and animal husbandry using statistics and the 
theory of experimental designs that he developed. 
An incorrect decision affected only the 
distribution of manure on crop fields or the care 
and feeding of pigs and honey bees. Being wrong 
for 5% of the decisions wouldn't seem to be a 
major problem. 
– Lynn D. Torbeck (2010)



Why 5% is chosen?

•  Fisher played a major role in the canonization 
of the 5% level as a criterion for statistical 
significance. 

•  In 1925, in his book “Statistical Methods for 
Research Workers” he fixed 5% as the only 
significance level in Table VI (F-distribution). 

•  5% is arbitrary , as Fisher knew, but fulfils a 
general social purpose.



5% - evidence based?

•  The value is fixed in 1925 when the medical 
statistics and clinical trial is not well 
established. 

•  5% is reasonable for social research, as Fisher 
knew, but it may not reasonable in medical 
research 

•  Before we have evidence to show we should 
choose 5% as sigificiant level, we cannot say 
that we are practicing “evidence based 
medicine”



Points to learn



Points to learn

•  Reader 
– Besides reading abstract, you can look at the table 

in the result 
–  If problem is identified, you can put the paper in



Points to learn

•  Researcher 
– Please call in your statistician as you plan your 

research, otherwise, what statistician can do is



Points to learn

•  Academics 
– Further researches on theory of medical statistics 
– Training of medical statisticians 
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