
STATISTICAL TESTS



POPULATION - SAMPLE

 When a statistic investigation is carried out on a 

sample, any result obtained has a relative value. 

 We can not even say with certainty what is the 

difference between the observed data in the 

sample and the data in population, since the 

state of the population is usually unknown.



STATISTICAL HYPOTHESIS

 Therefore, referring to the populations studied

starting from the samples, the researchers can

not state judgments with certainty, but can

express some assumptions which are called

statistical hypotheses.

 Statistical tests will evaluate the statistical

hypotheses. After the test, the statistical

hypotheses will be accepted or rejected.



THE MODEL FOR THE STATISTICAL TESTS

 Statistical hypothesis testing is done by 

comparing two competing hypotheses :

 Null hypothesis - the model that the researcher 

wants to replace

 Alternative hypothesis - the new model to replace the 

null hypothesis



THE GOAL OF THE STATISTICAL TEST

 The goal of the statistical test is to reject the null 

hypothesis

 The result of the test:

 Reject the null hypothesis and accept the alternative 

one

 Can’t reject the null hypothesis, can’t demonstrate 

the alternative one



FORMULATION OF PROBLEMS IN TERMS OF

STATISTICAL HYPOTHESIS

 Define the null hypothesis - the test is conducted 

under the assumption that the null hypothesis is true

 Define the alternative hypothesis - also called a 

working hypothesis – contradicts the null hypothesis



THE LEVEL OF SIGNIFICANCE

 The level of significance is the size of the risk for

errors which the researcher is willing to accept

and to assume

 Usually the level of significance is between 1 şi 

5%

 The confidence level = 1-level of significance



STATISTICAL SIGNIFICANCE

 P – Probability

 Theoretical value for the minimal level of 

significance for which the null hypotheses can be 

rejected 

 It is specific to statistical software



THE RESULT OF THE TEST USING THE

STATISTICAL SIGNIFICANCE

 The null hypothesis can be rejected if the results are at

least significant

 If the result of the test are not significant the null

hypothesis can not be rejected



ERRORS
Truth

H0
True

H0
False

Result

H0 rejected
Type I error

(α)
Correct

H0 not

rejcted
Correct

Type II error
(β)



TYPE I ERROR

 = H0 is rejected but is true

 We concluded that there are real differences although 

they are due to chance

 We conclude that a treatment if effective based on a 

misinterpretation



TYPE II ERROR

 = H0 is not rejected even that it is false

 We concluded that the observed differences are 

due to chance even when they arise due to 

differences between samples

 We could abandon a new treatment or a new 

research direction

 “Power of the test” = 1-β



DESCRIPTIVE STATISTICS PARAMETERS

 Mean

 Median

 Variance, etc.

 Frequency

 Difference

 Relationship 

 Independence

 Normality

 Correlation, etc.



QUANTITATIVE PARAMETERS

 We compare the height of people who do 

performance sports with height of people who do 

not practice performance sports 

 Null hypotheses: there is no difference between 

the height of people who do performance sports 

and height of people who do not practice 

performance sports 



ALTERNATIVE HYPOTHESES

 The height of people who practice performance 

gymnastics is lower than  the height of people 

who do not practice performance sports 

 The height of people who practice performance 

basketball is higher than height of people who do 

not practice performance sports 

 The height of people who practice performance 

skiing is different than height of people who do 

not practice performance sports 



ONE TAIL TEST VS, TWO TAIL TEST

 When we are interested in a specific direction of 

the comparation (lower, higher) – one tail test

 When we just want to see difference – no matter 

in which direction – two tail test



EXAMPLE – TWO TAIL TEST

 We are interested to assess the 

performance of an automatic 

blood pressure monitor, so we’ll 

compare the results of that with 

the results given by a manual 

blood pressure monitor.

 The automatic blood pressure 

monitor is NOT CONFORM if its 

results vary more than 10% of 

the results given by a manual 

blood pressure monitor.



EXAMPLE – ONE TAIL TEST

 We want to assess the efficacity of a 

new toothpaste comparing with an 

older product.

 The new toothpaste will be better if 

the number of dental caries for people 

which use it is lower than the number 

of dental caries for people which use 

the other product.



SAMPLE TYPE

 Independent sample – there is no connection 

between the objects in the samples

 Dependent (pair) sample – for each object in first 

sample we have the corresponding one in the 

second sample



EXAMPLE OF INDEPENDENT SAMPLES

 We want to assess which sport develops better 

long-distance running ability. For this, we 

compare the 5 km running time of a group of 

football players with the 5 km running time of a 

group of handball players



EXAMPLE OF DEPENDENT SAMPLE

 In order to assess the efficacity of a drug in 
reducing the blood pressure we measure for 10 
persons the blood pressure before and after 
taking that drug

Before drug

BP1

BP2

BP3

…

BP10 

After drug

BP1

BP2

BP3

…

BP10 



CONCLUSION

 To apply a statistical test, we must know:

 What I want to test

 If it is a quantitative variable  -do I use one tail 

or two tail test

 What kind of samples are involved (independent, 

pairs)



Quantitative variables

Data follow normal 

distribution
 Z 

 T 

 ANOVA 

 ...

Data not follow normal 

distribution

 Kruskal-Wallis

 Mann–Whitney U

 Mann–Whitney–

Wilcoxon

 Wilcoxon signed-

rank

 ...

Parametrical tests Non - Parametrical tests



Quantitative variables

A normality test is used to determine whether sample data has 

been drawn from a normally distributed population (within 

some tolerance).



Quantitative variables
 Example

 We are interested to assess the performance of an 
automatic blood pressure monitor, so we’ll compare 
the results of that with the results given by a manual 
blood pressure monitor.

 The automatic blood pressure monitor is NOT 
CONFORM if its results vary more than 10% of the 
results given by a manual blood pressure monitor.

 In order to do that we’ll measure the blood pressure in 
a sample of 98 persons with both devices   - variable: 
SBP/DBP – continuous quantitative variable

 Should we use a parametrical test, or should we use a 
non-parametrical test?



Normality tests

 Kolmogorov-Smirnov (if sample size >=50)

 Shapiro-Wilk (if sample size < 50)

 Test the internal quality of the sample 



Normality tests - Hypotheses

 H0: There is no difference between the sample 

distribution and normal distribution

 H1: There is difference between the sample distribution 

and normal distribution



Normality tests - decision

The result of the test: p

If p<=0,05 H0 can be rejected, H1 could be accepted 

with 95% of confidence – the sample distribution is 

different than normal distribution 

If p>0,05 H0 cannot be rejected, we cannot demonstrate 

that the sample distribution is different than normal 

distribution



Example - decision
 H0: There is no difference between the distribution of 

the data in the sample and the normal distribution

 H1: There is difference between the distribution of the 
data in the sample and the normal distribution

 We apply Kolmogorov-Smirnov (sample size=98 >=50)

 p=0,03

 Because p<0,05 we can reject H0 and accept H1 with 
95% of confidence, so with 95% of confidence, there 
is difference between the distribution of the data in 
the sample and the normal distribution, so we must 
use a non-parametrical statistical test



 We decide to repeat the experiment, this time we 

have a sample size 32

 We apply Shapiro-Wilk test (sample size=32<50)

 p=0,09

 Because p>0,05 we cannot reject H0, we cannot 

demonstrate that there is difference between the 

distribution of the data in the sample and the normal 

distribution, so we must use a parametrical statistical 

test



Conclusion

 When we have to analyze a sample according to a 

quantitative variable we must decide if we’ll use parametrical 

or non-parametrical tests. For that we must check if the data 

distribution is similar with normal distribution using normality tests 

(Kolmogorov-Smirnov or Shapiro-Wilk test).

 If p>0,05, parametrical tests should be used

 If p<=0,05 non-parametrical tests should be used



Choosing the test– quantitative 

normal distributed data
Comparing 

normal distributed 
data

2 independent 
samples

Z test (only when 
n>30)

T test

Equal variances

(Barlett, Levene F  
p>0,05)

T test assuming 
equal variances

Unequal variances

(Barlett, Levene or
F p<=0,05)

T test assuming 
unequal variances

2 paired sampes

Paired T test

> 2 sampes

ANOVA



Parametrical and non-parametrical tests

33

Parametrical test Non-parametrical 

equivalent test

Z, ANOVA Kruskal-Wallis

Student 

(independent samples)

First apply test for 

variances F, Levine, Barlet, 

etc.

Mann–Whitney U

Mann–Whitney–Wilcoxon

Wilcoxon–Mann–Whitney

Wilcoxon rank-sum

Student 

(paired samples)

Wilcoxon signed-rank



Choosing the test – quantitative variables

Comparing data from 
samples

Data are normal distributed

(Shapiro-Wilk or Kolmogorov-
Smirnov  p>0,05)

2 
independent 

samples

Z test (only 
when n>30)

T test

2 paired 
samples

Paired T test

> 2 samples

ANOVA

Data are not normal distributed

( Shapiro-Wilk or Kolmogorov-
Smirnov  p<0,05)

2 
independent 

samples

Mann–
Whitney–
Wilcoxon

Paired 
samples

Wilcoxon
signed-rank

> 2 samples

Kruskal-
Wallis



CHI SQUARE TEST 

• IS USED TO TEST THE INDEPENDENCE (ASSOCIATION) BETWEEN 

QUALITATIVE VARIABLES

• THE NULL HYPOTHESIS: THERE IS NO ASSOCIATION BETWEEN 

VARIABLES

• THE ALTERNATIVE HYPOTHESIS: THERE IS ASSOCIATION BETWEEN 

VARIABLES



CHI SQUARE BY EXAMPLE – 
DICHOTOMIAL VARIABLES

• WE ARE SEARCHING FOR HYPOTHETICAL ASSOCIATION BETWEEN 

SMOKING AND LUNG CANCER. FOR THAT, FROM ONCOLOGY 

DEPARTMENT RECORDS, WE SELECT A GROUP OF 160 PEOPLE WHO 

WERE DIAGNOSED WITH LUNG CANCER. WE ALSO SELECT A 

CONTROL GROUP OF 240 PERSONS WHICH WERE NEVER 

DIAGNOSED WITH LUNG CANCER. THE STUDY OF THIS SAMPLE LEADS 

US TO THE FOLLOWING CONTINGENCY TABLE:

Cancer present Cancer absent Total

Smoking yes 80 50 130

Smoking No 80 190 270

Total 160 240 400



THE HYPOTHESES, LEVEL OF 
SIGNIFICANCE, 

CRITICAL REGION

• H0: THERE IS NO ASSOCIATION BETWEEN SMOKING AND LUNG 

CANCER

• H1: THERE IS ASSOCIATION BETWEEN SMOKING AND LUNG CANCER

• WE’LL USE A LEVEL OF SIGNIFICANCE OF 5%



HTTPS://STATPAGES.INFO/CTAB2X2.HTML



RESULTS



CONCLUSION

• BECAUSE 

• P<0,05 THERE IS ASSOCIATION BETWEEN SMOKING AND LUNG CANCER 

(95% CONFIDENCE)

• RR=2,077 95%CI = [1,637 , 2,596] – SMOKING IS A RISK FACTOR FOR 

LUNG CANCER 



WHEN WE 
APPLY CHI 
SQUARE?

• TWO GROUPS

• A QUALITATIVE VARIABLE OF 

INTEREST

• THE ASSOCIATION BETWEEN 

TWO QUALITATIVE VARIABLES

• COMPARING THE OBSERVED 

DISTRIBUTION WITH 

THEORETICAL DISTRIBUTION



COCHRAN RULE

• CHI SQUARE TEST RESULT IS VALID 

ONLY WHEN 80% OF THEORETICAL 

FREQUENCIES ARE MORE THAN 5 

AND ALL THEORETICAL 

FREQUENCIES ARE MORE THAN 1

𝑪𝒉𝒊𝟐 =  ෍
(𝑶 − 𝑻)𝟐

𝑻

G1 G2 ... Total

E1 a b ... a +c+...

E2 c d ... c+d+... 

... ... ... ... ...

Total a +c+... b +d+... ... a+b+c+d+...



THEORETICAL CONTINGENCY TABLE – 
COCHRANE RULE

All Values >5 – Chi  square 

test

One value between 2 and 5– 

Yates Corrected Chi Square 

More values between 0 and 5–  

Fisher Exact test
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