
The precision of the estimation of a population parameter

depend on

• the estimator

– ex. mean is more precise then median

• the sample size

– law of big numbers – bigger sample size – bigger precision

• variation of the data

– less variation – bigger precision

• needed precision 

– bigger precision – wider interval



Example
• We want to estimate the 

frequency of parodontosis 
in population with age 
higher than 60 years old.

• In a study with 1000 
participants, 300 had 
paradontosis

𝑓 =
300

1000
= 0.30=30%

95% confidence intervals for the frequency of mouth cancer

[𝑓 − 1.96
𝑓 1 − 𝑓

𝑛
; 𝑓 + 1.96

𝑓(1 − 𝑓)

𝑛
]

0.3 − 1.96
0.3 1 − 0.3

1000
; 0.3 + 1.96

0.3 1 − 0.3

1000

[0.3 − 0.028; 0.3 + 0.028]

[0.27; 0.33] = [27%; 33%] 

Interpretation: with a 5% error we estimate 
that the population frequency of paradontosis

in the population over 60 years is between 27% 
and 33%
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If we select a small sample size?
• We want to estimate the 

frequency of 
parodontosis in 
population with age 
higher than 60 years old.

• In a study with 100 
participants, 30 had 
paradontosis

𝑓 =
30

100
= 0.30=30%

𝑓 =
30

100
= 0.3

[0.3 − 1.96
0.3 1−0.3

100
; 0.3 + 1.96

0.3 1−0.3

100
]

[0.3 − 0.09; 0.3 + 0.09]

[0.21; 0.39] – interval for n=100 
frequency of paradontosis between 21% și 39% with a 95% probability

[0.27; 0.33] – interval for n=10.000 
frequency of paradontosis between 27% și 33% with a 95% probability

Answer: smaller the sample  wider the interval
an increasing n at the denominator, an opposite effect

If the sample increase  it increases the measurement precision by decreasing the interval 
required for estimation



If the probability decrease 95%  80%

• We want to estimate the 
frequency of 
parodontosis in 
population with age 
higher than 60 years old.

• In a study with 100 
participants, 30 had 
paradontosis

For 80% confidence, Z critic =1.29

𝑓 =
30

100
= 0.3

[0.3 − 1.29
0.3 1−0.3

100
; 0.3 + 1.29

0.3 1−0.3

100
]

[0.3 − 0.059; 0.3 + 0.059]

[0.24; 0.36] – interval for 80%

frequency of parodontosis between 24% și 36% with a 95% probability

[0.21; 0.39] – interval for 95%

frequency of parodontosis between 21% și 39% with a 95% probability

Answer: the smaller the probability – the narrower the interval 
Z at numerator

Increasing precision  interval increase



• The sampling distribution of the mean is normally distributed 
when the population standard deviation  is known

• Often  is not known

– it is estimated with the standard deviation obtained on the sample s

• in this case the sampling distribution no longer follows the normal law

• the sampling distribution follows Student's law – very similar

• Student's law varies with sample size
– depends on the degrees of freedom

– Student's law is close to the normal law if n≥30

n=6

n=14

n=50



If n<30: we estimate with Student distribution

t0

t  (df = 6 - 1 = 5)

t  (df = 14 – 1 = 13)

The Student distribution resembles the 
normal distribution, but has more flared 
"tails" as the sample size decreases

~ Standard Normal n≥30 (df > 30)

Student's law varies with sample size
depends on the degrees of freedom



Degree of freedom = df

The number of components that are "free" to vary in a data set

• df = n – 1

Ex: 5 measurements, the average = 6

• we know the first four values: 8, 9, 10, 11 

• the fifth can be calculated 

--> the data set has only 4 degrees of freedom
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1-α% confidence interval for the average μ in the 
case of small samples n<30 with σ unknown

• using Student t distribution

[ ത𝑋 - 𝑡
𝑛−1,1−

𝛼

2

𝑠

𝑛−1
, ത𝑋 + 𝑡

𝑛−1,1−
𝛼

2

𝑠

𝑛−1
]

where 

ത𝑋 - sample arithmetic mean, 

s – sample standard deviation,

n – sample  size, 

𝑡𝑛−1,1−𝛼

2
critical t for n-1 degree of freedom

1 − 𝛼 level of confidence



Example

Study of mobility by extension of 
the lumbar spine in individuals 
aged between 30 and 39 years

n=17, mean=40° şi 𝑡α=2.11, 
s=2.36°

[40 − 2.11 ∗
2.36

17 − 1
; 40 − 2.11 ∗

2.36

17 − 1
]

[40 − 1.24; 40 + 1.24]

[38.76°; 41.24°]

Answer: mobility of the lumbar spine 

in young people is between 38.76°

and 41.24° with a 5% error
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Aim

Compare two groups 

Compare one group with the population 

Compare multiple groups
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two approaches: 
with confidence intervals
with statistical tests

Objective: to find difference δ (delta)



Examples of medical questions

• Treatments 

– Is Losartan more efficient than Furosemide in reducing systolic blood 
pressure?

• Risk factors

– Is Borrelia burgdorferi virus a risk factor for neuropathy?

– Is the weight related to oxidative stress ?



• Medical question

– if the premature-born boy's weight during childhood is influenced by 
the condition of their birth

• we cannot respond exactly to the question

– but we can compare the average weight of 2 years boys who were 
born prematurely with the 2 years boys who were not

• we will compare something with something to see a difference δ

• what to compare

• condition of what we compare should be similar except the feature of interest



Step 1: establishing the objective

Transform the medical question into statistical hypotheses
ex. Is the infection with Covid-19 virus the cause of depression?  Is the 
frequency of depression higher in people who tested positive for Covid-19 in 
the last year compared to those who did not?

Objective of the research: demonstrate that there is a difference δ
between two groups which will maintain in majority of the studies if 
we repeat the study on all possible samples

Observation: there are design of the studies where we compare one group with a value (ex. 
the known mean of the population), or with a historical group or compare multiple groups

20

Objective: 
δ



Step 1: establishing the difference δ

• the difference δ should be clinically important

• What difference δ should be between two drugs to declare one 
is more efficient than the other for the treatment of the 
targeted disease?

• In how many people (frequency δ) the treatment with the drug 
should be succsesfull compare with the placebo that one can 
say that the drug is more efficient than the placebo?

21

Objective: δ –
clinically 

important 



Step 2: establish the design of the study based on:

• what you want to 
compare:

– 2 frequencies

– 2 means

– 2 medians

– 3 frequencies

– 3 means

– etc...

• the groups

– dependent

– independent

22

Objective: δ –
clinically 

important 

Study design

meaning: finding the right statistical test



Independent or dependent samples

• Independent samples

– there is no connection between subjects in the two samples 

• Dependent samples

– subjects are related somehow 

• subjects are paired, 

• subjects are matched 
– age, 

– gender 

– etc., 

• the same subjects tested two/multiple times 
– after the treatment

– before the treatment
23



Step 3: compute the needed samples size

Objective: δ –
clinically 

important 

Study design

calculate the 
sample size

• different formulas for different designs

• a lot of possible design: you will need a 
statistician 

• there are online calculators

• example for two proportion:

• https://statpages.info/proppowr.html
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https://statpages.info/proppowr.html


Step 4: making the protocol of the study

• there are templates for each kind 
of study,

• a protocol of the study have to 
answer to the questions:
– where? 

– when?

– how?

– who?

– etc.
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Objective: δ –
clinically 

important 

Study design

Calculate the 
sample size

Study protocol



Step 5: apply for ethical approval

• each health institution should have a 
research ethics committees

• submit the protocol to the ethic 
committee

• wait for approval
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Objective: δ –
clinically 

important 

Study design

Calculate the 
sample size

Study protocol

Ethical 
approval



Step 5: only for clinical trial

• registration of the trial at the WHO International Clinical Trials 
Registry Platform (ICTRP) before starting the trial
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Step 6: carrying out the study

• after you establish the protocol 
of the study in all details you can 
start the experiment
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Objective: δ –
clinically 

important 

Study design

Calculate the 
sample size

Study protocol

Ethical 
approval

Making the 
experiment



Step 7: collect the data

• collect the data 
about the variables 
of interest in Excel 
table or other 
applications

• data should be 
deidentified (no 
personal data should 
be collected)
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Objective: δ –
clinically 

important 

Study design

Calculate the 
sample size

Study protocol

Ethical 
approval

Making the 
experiment

Data collection



Step 8: analyze the data

• use an application to 
analyze the data with 
statistical tests
– SPSS
– SAS
– STATA
– STATISTICA
– R language (Jamovi)
– etc.

• choose the conclusion 
for the medical 
question
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Objective: δ –
clinically 

important 

Study design

Calculate the 
sample size

Study protocol

Ethical 
approval

Making the 
experiment

Data collection

Data analysis



Step 9: report the results

• report the results of 
the study in:
– medical conferences

– mass media

– journals as original 
articles

– for clinical trial in 
WHO International 
Clinical Trials Registry 
Platform
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Objective: δ –
clinically 

important 

Study design

Calculate the 
sample size

Study protocol

Ethical 
approval

Making the 
experiment

Data collection

Data analysis

Report the 
results



Compare samples

• we are here
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Objective: δ –
clinically 

important 

Study design

Calculate the 
sample size

Study protocol

Ethical 
approval

Making the 
experiment

Data collection

Data analysis

Report the 
results



P1

Population 1

Sample 1 
n1 subjects

P2
Sample 2

n2 subjects

Population 2

compare

sampling

sampling

Resultinference

we do not compare 2 samples
inference = compare all possible samples of n1 respectively n2

subjects that can be taken from the populations

the observed samples serve to appreciate what is happening 
in the populations from which they were extracted



Compare two groups with confidence 
intervals method
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Research question example

• Which diet is the best diet in lowering the cholesterol in people 
with hipercholesterolemia?

– mediteranean diet

– paleo diet

– high-protein diet



Compare two groups with confidence intervals method

• subjects with hipercholesterolemia

Objectiv: To compare cholesterol 

• diet A (mediteranean diet) 

• diet B (paleo diet) 

• diet C (high-protein diet).
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Population 
A

Population 
C

diet A diet C

Population 
B

diet B



Compare two groups with confidence intervals method

• Objective: To compare cholesterol in subjects with hypercholesterolemia who 
followed diet A (Mediterranean diet) versus diet B (Paleo diet) versus diet C
(High-protein diet).

• Method: 

• a difference by 10mg/dl we consider it clinically important. 

• We design the study to detect a difference of the cholesterol by 10mg/dl or 
more between the diets in the population with a 95% probability 
– we calculate the needed sample size take into the study 300 subjects randomly 

selected
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100 
individuals

100 
individuals

diet A 100 
individuals

diet B diet C



Findings on the samples
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ത𝑋=300 mg/dlത𝑋=250 mg/dl
diet A

ത𝑋=290 mg/dl

diet Bdiet C

100 subjects
100 subjects100 subjects



Inference to the population
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ത𝑋=300 mg/dlത𝑋=250 mg/dl
diet A

ത𝑋=290 mg/dl

diet Bdiet C

100 subjects100 subjects100 subjects

we estimate 95% confidence intervals

240      250     260

ത𝑋

270                   290                   310

ത𝑋 280                    300                    320

ത𝑋

diet A: ത𝑋= 300mg/dl, 95%CI 280-320
diet B: ത𝑋= 290mg/dl, 95%CI 270-310
diet C: ത𝑋= 250mg/dl, 95%CI 240-260



Inference to the population
we estimate 95% confidence intervals

240              260 270                                              310280                                                320

diet A: ത𝑋= 300mg/dl, 95%CI 280-320
diet B: ത𝑋= 290mg/dl, 95%CI 270-310
diet C: ത𝑋= 250mg/dl, 95%CI 240-260

diet A

diet B

diet C



• 95% CI 240-260

Interpretation: if we measure the whole population of subjects 
following diet C (high protein diet) than average cholesterol of whole 
population will be somewhere between 240mg/dl and 260mg/dl with 
5% error, 
(we do not know where exactly in this interval will be, only that it is in this interval with 95% probability. 

Observation: if we want more precisse results we should take more subjects into the study).
• In the worst case average cholesterol can be 260mg/dl, in the best 

case 240mg/dl
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diet C



• 95% CI 270-310

Interpretation: if we measure the whole population of subjects  
following mediteranean diet than average cholesterol will be 
somewhere between 270mg/dl and 310mg/dl with 5% error, 
we do not know where exactly in this interval is.

• In the worst case it can be 310mg/dl, in the best case can be 
270mg/dl
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diet B



• Conclusion 1: this study demonstrate that subjects that follow diet C 
have low cholesterol than those who follow diet B (with 10mg/dl) and 
diet A (with 20mg/dl) (95% CI of diet C did not overlap the 95% CI of diet B and A. Any value in 
the 95% CI of diet C < any value in the 95% CI of diet B and A)

• Conclusion 2: we fail to demonstrate that there is a significant 
statistically difference between cholesterol in diet B compare with diet A 
(95% CIs of diet A and B overlap. Observation: The difference between diet A and B is less than 10mg/dl, if 
we want to know the difference we should repeat the study with more subjects to have a better precision)
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no statistically significant 
difference between A and B

statistically significant 
difference between C and the 

other two diets



Compare two groups arithmetic means with 
statistical tests

steps of a statistical test exemplified with t test for 
independent samples in case of unequal variances
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patients with 

• diet A 

• diet B;

Comparing two means

population P1

population P2

Population Population

diet A diet B

• General: • Example:



Possible results

𝜇1 𝜇2<

𝜇2 𝜇1<

𝜇1 𝜇2=

𝜇1 ≠ 𝜇2

𝜇1 = 𝜇2(or near equal)

OR
Population 1                 Population 2

Arithmetic means



Possible results

𝜇1 𝜇2<

𝜇2 𝜇1<

𝜇1 𝜇2=

𝜇1 ≠ 𝜇2 H1: there is difference

𝜇1 = 𝜇2 H0: there is no difference

OR



Possible results

𝜇1 𝜇2<

𝜇2 𝜇1<

𝜇1 𝜇2=

𝜇1 ≠ 𝜇2 H1: there is difference

𝜇1 = 𝜇2 H0: there is no difference

OR
we will choose H0 or H1 based on a probability

Which one is true?



patients with 

• diet A 

• diet B;

= cholesterol ത𝑋1 for first sample 300mg/dl, 

= cholesterol ത𝑋2 for second sample 290mg/dl,

= cholesterol s1
2 for first sample 100

= cholesterol s2
2 for second sample 100

Select samples, make the study, obtain the results on the samples

population P1

population P2

ത𝑋1 = average for first sample,
ത𝑋2 = average for second sample,

s1
2 = variances for first sample

s2
2 = variances for second sample

100 
patients

100 
patients

diet A diet B

• General: • Example:



patients with 

• diet A 

• diet B;

= cholesterol ത𝑋1 for first sample 300mg/dl, 

= cholesterol ത𝑋2 for second sample 290mg/dl,

= cholesterol s1
2 for first sample 100

= cholesterol s2
2 for second sample 100

Select samples, make the study, obtain the results on the samples

population P1

population P2

ത𝑋1 = average for first sample,
ത𝑋2 = average for second sample,

s1
2 = variances for first sample

s2
2 = variances for second sample

100 
patients

100 
patients

diet A diet B

• General: • Example:



Step 1 of a statistical test: Formulating Hypothesis

General:

• H0 - null hypothesis: at the population 
level, there is no statistical significant 
difference between group 1 average 
and group 2 average

• H1 - alternative hypothesis: at the 
population level, there is statistical 
significant difference between group 1 
average and group 2 average

Example:

• H0 - null hypothesis: at the population 
level there is no statistically significant 
difference between the averages of 
cholesterol for patients with diet A 
versus diet B

• H1 - alternative hypothesis: at the 
population level there is statistically 
significant difference between the 
averages of cholesterol for patients 
with diet A versus diet B
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Step 1 of a statistical test: Formulating Hypothesis

General:

• H0 - null hypothesis: at the population 
level, there is no statistical significant 
difference between group 1 average 
and group 2 average

• H1 - alternative hypothesis: at the 
population level, there is statistical 
significant difference between group 1 
average and group 2 average

Example:

• H0 - null hypothesis: at the population 
level there is no statistically significant 
difference between the averages of 
cholesterol for patients with diet A 
versus diet B

• H1 - alternative hypothesis: at the 
population level there is statistically 
significant difference between the 
averages of cholesterol for patients 
with diet A versus diet B
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Step 1 of a statistical test: Formulating Hypothesis
• H0 - null hypothesis: to demonstrate there is no statistically significant 

difference between the averages of cholesterol for patients with diet A versus 
diet B

• H1 - alternative hypothesis: there is no statistically significant difference 
between the averages of cholesterol for patients with diet A versus diet B

59

Alternative=the other possible 
situation, when null hypothesis is 

not true

“statistically” – we estimate 
statistically the cholesterol 

average in the population of 
subjects with diet A with the 
cholesterol average from the 

sample with diet B

“significant” – we will 
choose a level of 
significance, i.e. a 

probability level for the 
confidence

“statistically significant” = suggest that is at the population 
level, so the term “population level” is redundant



Method:
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suppose that null hypothesis H0 is true

if p < α, the observed 
data are unlikely under 

the H0 and suggests 
rejecting the H0, 
accepting the H1

if p ≥ α, the data are 
consistent with the H0, we 

cannot reject H0

compute the probability p of obtaining a 
diference equal with the observed difference (on 

the samples) or a more extreme one

choose the level of error α, 
usually, 0.05

absurd assumption



p-value interpretation

p < α (small p-value) 
• the observed data are unlikely under 

the null hypothesis and suggests 
rejecting the H0, accepting the H1

• suggests that the observed result is 
statistically significant and unlikely to 
have occurred by chance. We reject 
H0, we are in favor of H1 

• the result is considered statistically 
significant

• the obtain difference does not 
automatically mean is a medical 
relevant result

• p ≥ α
• the data are consistent with the null 

hypothesis, we cannot reject H0
• suggests that the observed result is not 

statistically significant and is likely to 
have occurred by chance. We cannot 
reject H0

• the result is considered statistically not 
significant

• the obtain difference does not 
automatically mean that is no medical 
relevant result



Step 2 of a statistical test – Finding the proper statistical test to 
apply by answering to the questions:

• What we compare? 
– means, 
– variances, 
– percentages
– ….

• How is the distribution? 
– normal 
– non-normal, 
– binomial
– …

• How are the samples? 
– independent 
– dependent

• How is the sample size? 
– small (<30)
– large

• How are the variances? 
– equal 
– unequal

• How many samples we want to 
compare?
– one, 
– two, 
– three 
– many
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General:



– normal distributions 

• we should check the distribution, 

– Result: stress is normally distributed in both groups, 

– unequal variances 

• we should check (not the subject of this lecture, see next lecture), 

– Result: variances are not equal, 

– two arithmetic means are compared, 

– groups are independent

• between groups - within the sample there are no subjects that are extremely similar to the others 
(repeated observations on the same subjects, measurements on the left hand and on the right hand 
of the same subject, …)

• not the case - between the subjects in the same group

• we will choose:

– Student t-test for independent samples in the case of unequal variances

• Example:



Step 3. Select the level of significance

• α - level of significance 
– probability of incorrectly rejecting the null hypothesis 

when it is actually true

• Usually, α is choose to be 0.05 
– (corresponding to Zα=1.96)

• p-value or p
– probability to obtain a result more extreme than the result 

obtained from the observed data. 

– If p < α, then we will reject the null hypothesis: we 
demonstrate that there is difference between the 
arithmetic means and say that the test is statistically 
significant: we have difference between the means

• we choose α = 0.05
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General: Example:



Step 4. Determine the value the test parameter 
must attain to be declared significant

• critical value 

– ex. for t-test t α, for Z test Zα

• Rejection area – critical interval 

– interval where H0 should be rejected

– the interval depend on the distribution of the 
test and sometimes degrees of freedom 

– ex. (-∞,−𝑍𝛼) ∪ (𝑍𝛼 , ∞)

• Acceptance interval: 

– interval where H0 should be accepted

– ex.[−𝑍𝛼, 𝑍𝛼]

– for α=0.05, Zα=1.96

t test – Student distribution – critical value is 
different for each degree of freedom
• 𝑡𝛼 = 1.97 = critical value for 100+100-2 

degree of freedom

• rejection interval (-∞,−𝑡𝛼) ∪ (𝑡𝛼 , ∞) = 
(-∞,−1.97) ∪ (1.97,∞)

• acceptance interval: [−𝑡𝛼 , 𝑡𝛼]=[-1.97,1.97]

= an interval around 0, if we found a 
difference in this interval it means is 
a small difference and H0 will be 
accepted (there is no difference)
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Rejection area
Rejection area

Acceptance 
area

General: Example:



Step 4. Determine the value the test parameter 
must attain to be declared significant

• critical value 
– ex. for t-test t α, for Z test Zα)

• Rejection area – critical interval 
– interval where H0 should be 

rejected
– different depending on the 

distribution of the test and 
sometimes degrees of freedom 

– ex. (-∞,−𝑍𝛼] ∪ [𝑍𝛼 , ∞)
• Acceptance interval: 

– interval where H0 should be 
accepted

– ex.(−𝑍𝛼 , 𝑍𝛼)
– for α=0.05, Zα=1.96

t test – Student distribution – critical value is different for each 
degree of freedom
• 𝑡𝛼 = 1.97 = critical value for 100+100-2 degree of freedom

• rejection interval (-∞,−𝑡𝛼) ∪ (𝑡𝛼, ∞) = (-∞,−1.97) ∪ (1.97,∞)

• acceptance interval: [−𝑡𝛼 , 𝑡𝛼]=[-1.97,1.97]

= an interval around 0, if we found a difference in this 
interval it means is a small difference and H0 will be 
accepted (there is no difference)
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General: Example:



Step 5: computing the formula for test parameter

• any statistical test have a test 
parameter 

• test two means, then ത𝑋1 − ത𝑋2 should 
be in the formula, divided by standard 
errors

• the parameter of the test:

𝑡 =
300−290

1002

100
+
1002

100

=
10

200
=

10

14.14
= 0.71, 

p=0.48

68

material A: ത𝑋1 = 300MPa, s = 100MPa
material B: ത𝑋2 = 290MPa, s = 100MPa

if parameter of the test is small, then the difference 
between ത𝑋1 𝑎𝑛𝑑 ത𝑋2 is small, near 0. 

difference 
between 
averages. 

p can be computed only by 
computers – have a very 

complicated formula

General: Example:



Step 5: computing the formula for test parameter

any statistical test have a test parameter 
based on the difference between what 
we test

test two means than ത𝑋1 − ത𝑋2 should be in 
the formula, divided by standard errors

• the parameter of the test:

𝑡 =
300−290

1002

100
+
1002

100

=
10

200
=

10

14.14
= 0.71, 

p=0.48
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diet A: ത𝑋1 = 300mg/dl, s = 100mg/dl
diet B: ത𝑋2 = 290mg/dl, s = 100mg/dl

if parameter of the test is small, then the difference 
between ത𝑋1 𝑎𝑛𝑑 ത𝑋2 is small, near 0. 

difference 
between 
averages. 

p can be computed only by 
computers – have a very 

complicated formula

General: Example:



Step 6. Draw and state the conclusion

If parameter of the test ∈ acceptance 
interval --> we fail to reject null 
hypothesis H0

If parameter of the test ∈ rejection 
interval --> we reject null hypothesis H0, 
accept H1

the same as

If p≥0.05 we fail to reject null hypothesis 
H0

If p<0.05 we reject null hypothesis H0, 
accept H1

if t ∈[-tα,tα] – acceptance interval =small 
differences. 

if t ∈(-∞,−𝑡𝛼) ∪ (𝑡𝛼 , ∞) – rejection 
interval =high differences.

the same as

If p≥0.05, then H0 is in favor – fail to reject 
H0

If p<0.05 than H0 is false, we reject H0 –
accept H1

0.95%

General: Example:



Step 6. Draw and state the conclusion

If parameter of the test ∈ acceptance 
interval --> we fail to reject null 
hypothesis H0

If parameter of the test ∈ rejection 
interval --> we reject null hypothesis H0, 
accept H1

the same as

If p≥0.05 we fail to reject null hypothesis 
H0

If p<0.05 we reject null hypothesis H0, 
accept H1

if t ∈[-tα,tα] – acceptance interval =small 
differences. 

if t ∈(-∞,−𝑡𝛼) ∪ (𝑡𝛼 , ∞) – rejection interval 
=high differences.

the same as

If p≥0.05, then H0 is in favor – fail to reject H0

If p<0.05 than H0 is false, we reject H0 –
accept H1
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0.95%

General: Example:
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-1.97 ≤ t = 0.71 ≤ 1.97 

we fail to reject null hypothesis, 

the average cholesterol in people who have diet A did not differ statistically significant from the average 
cholesterol in people who have diet B 

Area under the curve for t = 0.71 is 0.48, p = 0.48 > 0.05 we fail to reject null hypothesis, 

the average cholesterol in people who have diet A did not differ statistically significant from the average 
cholesterol in people who have diet B 

We accept the null hypothesis

We fail to reject the null hypothesis

-0.71 0.71

Area=0.48
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Example:
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Example 2

diet C compare with B



= subjects with diet C

= subjects with diet B;

= average cholesterol for first sample 250mg/dl,

= average cholesterol for second sample 290
mg/dl,

= cholesterol variances for first sample 50mg/dl

= cholesterol variances for second sample 100
mg/dl

Comparing two means

population P1

population P2

ത𝑋1 = average for first sample,
ത𝑋2 = average for second sample,

s1
2 = variances for first sample

s2
2 = variances for second sample

100 
subjects

100 
subjects

diet C diet B

• General: • Example:



Step 1 of a statistical test: Formulating Hypothesis

General:

• H0 - null hypothesis: there is no
statistically significant difference 
between group 1 average and group 
2 average

• H1 - alternative hypothesis: there is  
statistically significant difference 
between group 1 average and group 
2 average

Example:

• H0 - null hypothesis: there is no
statistically significant difference 
between the averages of cholesterol 
for subjects with diet C versus diet B

• H1 - alternative hypothesis: there is 
statistically significant difference 
between the averages of cholesterol 
for subjects with diet C versus diet B
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Step 2 of a statistical test – Finding the proper statistical test to 
apply after answering to the questions:

• What we compare? 
– means, 
– variances, 
– percentages
– ….

• How is the distribution? 
– normal 
– non-normal, 
– binomial
– …

• How are the samples? 
– independent 
– dependent

• How is the sample size? 
– small (<30)
– large

• How are the variances? 
– equal 
– unequal

• How many samples we want to 
compare?
– one, 
– two, 
– three 
– many
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General:



– normal distribution 
• usually we should check the distribution, 

– Result: cholesterol is normally distributed in both groups, 

– unequal variances 
• usually we should check, 

– Result: unequal variances, 

– two arithmetic means are compared, 

– groups are independent

– subjects are independent in the groups

• we will choose:

– t-test for independent samples in the case of unequal variances
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• Example:



Step 3. Select the level of significance of the statistic
test

• α - level of significance 
– probability of incorrectly rejecting the null 

hypothesis when it is actually true

• Usually, α is choose to be 0.05 
– (corresponding to Zα=1.96)

• p-value or p
– the probability to obtain a result more 

extreme than the result obtained from the 
observed data. 

– If p < α, then we will reject the null 
hypothesis: we demonstrate that there is 
difference between the arithmetic means 
and say that the test is significant: we have 
difference between the means

• we choose α = 0.05
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Step 4. Determine the value the test parameter 
must attain to be declared significant

• critical value 
– for Z test Zα

• Rejection area – critical interval 
– different depending on the distribution of 

the test and sometimes degrees of 
freedom 

– interval where H0 should be rejected
– ex. (-∞,−𝑍𝛼) ∪ (𝑍𝛼 , ∞)

• Acceptance interval: 
• interval where H0 should be rejected

• ex.[−𝑍𝛼 , 𝑍𝛼] 
– α=0.05, Zα=1.96

t test – Student distribution – different for 
each degree of freedom
• 𝑡𝛼 = 1.97 = critical value for 100+100-

2 degree of freedom

• rejection interval (-∞,−𝑡𝛼) ∪ (𝑡𝛼 , ∞) = 
(-∞,−1.97) ∪ (1.97,∞)

• acceptance interval: [−𝑡𝛼 , 𝑡𝛼]=
[-1.97,1.97]
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Rejection areaRejection area
Acceptance 
area

General: Example:



Step 5: computing the formula for test parameter

any statistical test have a test parameter 
based on the difference between what 
we test

test two means, then ത𝑋1 − ത𝑋2 should be 
in the formula, divided by standard errors

• the parameter of the test:

𝑡 =
250−290

502

100
+
1002

100

= −
40

125
= −

40

11.18
= 3.58, 

p=0.0004
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diet C: ത𝑋1 = 250mg/dl, s = 50mg/dl
diet B: ത𝑋2 = 290mg/dl, s = 100mg/dl

General: Example:



Step 6. Draw and state the conclusion

If parameter of the test ∈ acceptance 
interval --> we fail to reject null 
hypothesis H0

If parameter of the test ∈ rejection 
interval --> we reject null hypothesis H0, 
accept H1

the same as

If p≥0.05 we fail to reject null hypothesis 
H0

If p<0.05 we reject null hypothesis H0, 
accept H1

if t ∈[-tα,tα] – acceptance interval =small 
differences. 

if t ∈(-∞,−𝑡𝛼) ∪ (𝑡𝛼 , ∞) – rejection 
interval =high differencies.

the same as

If p≥0.05, than H0 is in favor – fail to reject 
H0

If p<0.05 than H0 is false, we reject H0 –
accept H1
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0.95%

General: Example:
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3.58 ∈ (-∞,−1.97) ∪ (1.97,∞) Rejection area

We reject the null hypothesis H0, we accept the alternative hypothesis H1: The average 
cholesterol of subjects with diet C differ statistically significant from the average 
cholesterol of subjects with diet B 

Area under the curve for t = 3.58 is 0.0004, p = 0.0004<0.05 we reject the null hypothesis H0, 

we accept the alternative hypothesis H1: The average cholesterol of subjects with diet C differ 
statistically significant from the average cholesterol of subjects with diet B 

-3.58 3.58

Area corresponding to (-∞,−3.58] ∪ [3.58,∞) =0.0004
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Example:

Step 6. Draw and state the conclusion

0



• Italy

• vegetarian versus Mediterranean 
diet in obese people 

• 118 subjects were randomly 
assigning in groups

• 3 months

• after 3 months change the diets 
(cross-over design)

• trial was registrated



• 198.8 compare with 206.8
• p=0.96 >0.05 we cannot reject H0: there 

are no significant difference between 
baseline cholesterol between groups 
(i.e. in the population from where they 
select this samples)



• they compare the difference (delta) between baseline and final cholesterol 
(TC=total cholesterol) between groups

• p=0.15 >0.05 we cannot reject H0: there are no significant difference between the 
decrease of the cholesterol between vegetarian and Mediterranean diet (i.e. there 
is no difference in cholesterol decrease between the population which adopt 3 
months period a vegetarian and a population who adopt a Mediterranean diet)



• USA

• 62 obese 

• randomly assign to 
Mediteranean or Vegan diet

• trial was registrated



• delta cholesterol -15.6mg/dl
• p=0.001<0.05 we reject H0: there was  significant difference of mean 

cholesterol between vegan and mediteranean diet (i.e.there is 
difference in cholesterol decrease between the population which 
adopt 3 weeks period a vegetarian and a population who adopt a 
mediteranean diet)



95% 
confidence 
interval 
between 
-24.6 to -6.6

vegan diet versus mediteranean diet in 
population best: -24.6mg/dl, worst -6.6mg/dl



• Spain

• vegetarian versus 
Mediterranean diet

• 14 subjects

• 3 weeks

• after 3 weeks change the 
diets (cross-over design)

• trial was registrated



• delta cholesterol -22.6mg/dl
• p<0.01 we reject H0: there was  significant 

difference of mean cholesterol between vegan 
and mediteranean diet (i.e.there is difference in 
cholesterol decrease between the population 
which adopt 3 weeks period a vegetarian and a 
population who adopt a mediteranean diet)



Rasnov, near Brasov city)

Thank you !!!


