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OBJECTIVES 

 Significance level versus p-value 

 Student t-test for independent samples 
(parametric test) 

 Chi-square test (non-parametric test) 
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SIGNIFICANCE LEVEL VS. p-VALUE 

 significance level = property of a statistical 
procedure and takes a fixed value. 

 p-value = random variable whose value 
depends upon the composition of the 
individual sample 
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STUDENT T-TEST FOR COMPARING TWO MEANS 
(UNKNOWN AND EQUAL VARIANCES)  

 Null hypothesis: Means difference of the two 
populations is equal to zero. 

 Alternative hypothesis for two-tailed test: Means 
difference of the two populations is NOT equal to zero. 

 Assumptions: 
 The variables in the two samples are normal 

distributed 
 The variances are equal.  

 If these two assumptions are not satisfied the test loss its 
validity. 

 If the variances of populations are known the Z test is 
applied (is most powerful) 
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STUDENT T-TEST FOR COMPARING TWO MEANS 
(UNKNOWN AND EQUAL VARIANCES) 

 Degree of freedom (df):  

 df = n1 + n2 - 2 

 Significance level:  = 0.05 

 Critical region for two-tailed 
test 

 Statistics  























 





;tt;

2
;2nn

2
;2nn 2121














21

21

n

1

n

1
s

mm
t

2 2

1 1 2 2

1 2

( 1) ( 1)

2

n s n s
s

n n

  


 

9-Dec-2013 

7 



©2013 - Sorana D. BOLBOACĂ  

STUDENT T-TEST FOR COMPARING TWO MEANS 
(UNKNOWN AND EQUAL VARIANCES) 

 We want to study whether there is a significant difference 
between the amount of blood uric acid in women from 
urban and rural. In a sample of 16 women aged between 
30 and 50 years in urban areas, average uric acid was 5 
mg/100 ml, with a variance of 2 mg/100 ml. An average 
equal to 4 mg/100 ml with a variance of 2 mg/100 ml was 
obtained on a sample of 16 women aged 30 to 50 years in 
rural areas. 
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STUDENT T-TEST FOR COMPARING TWO MEANS 
(UNKNOWN AND EQUAL VARIANCES) 

 Data: 
 n1 = 16; n2 = 16 
 m1 = 5; m2 = 4  
 s2 = 2 

 Null hypothesis: There is 
no significant difference 
between the two samples 
means. 

 Alternative hypothesis for 
two-sided test: There is a 
significant difference 
between the two samples 
means.  

 Degree of freedom:  

df = n1+n2-2 =16+16-2=30 

 Significance level:  

 = 0.05. 

 Critical region for 
bilateral test: 
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STUDENT T-TEST FOR COMPARING TWO MEANS 
(UNKNOWN AND EQUAL VARIANCES) 

Conclusion: 

 Statistical: The null hypothesis is failed to be rejected since the 
statistics did not belongs to the critical region. 

 Clinical: The serum level of uric acid is not different in women 
from rural compared to those from urban areas. 
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http://www.sciencedirect.com/science/article/pii/S0950061810005568# 
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http://www.hindawi.com/journals/tswj/2013/608683/tab2/ 
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TESTING ASSOCIATION IN CONTINGENCY TABLE 

 We can perform a hypothesis test on a 
contingency table. The test we will use most often 
is the Chi-square test (χ2 test). 

 χ2 Test 
 Is proper to be applied if the sample size is large 

 The test is valid if the expected frequency of each cell is 
at least equal to 1 and the observed frequency is of 5 

 If the above-described conditions are not meet, the 
Fisher exact test is the proper test 
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χ2 TEST 

 Indicate if that the two variables are or are not independent 
BUT DO NOT quantify the power of association between 
them. 

 Steps: 

1. Define the hypotheses 

2. Define the parameter of the test 

3. Define the significance level 

4. Define the critical interval 

5. Calculate the observed value of the parameter of 
the test 

6. Make a decision 15 
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χ2 TEST: PROBLEM 

 The association between Streptococcus mutans 
(as risk factor) and dental caries was studied. A 
sample of 620 patients was investigated. The 
sample contains: 150 patients with caries and 
Streptococcus mutans, 230 patients without 
caries and without Streptococcus mutans and 
60 patients with caries but without 
Streptococcus mutans. The presence of 
Streptococcus mutans is asscoiated with dental 
caries? (df=1; α=0.05; χ2

critical = 3.84). 
16 

9-Dec-2013 

16 



©2013 - Sorana D. BOLBOACĂ  

χ2 TEST: 1. HYPOTHESES 

 H0: 

 There is no association between Streptococcus mutans  
and dental caries. 

 The presence of Streptococcus mutans and dental caries 
are independent.  

 H1/Ha: 

 There is an association between Streptococcus mutans  
and dental caries. 

 The presence of Streptococcus mutans and dental caries 
are not independent. 
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χ2 TEST: 2. PARAMETER OF THE TEST 

Follow a distribution law with (r-1)·(c-1) degree of 
freedom  

where 

 χ2 = the parameter of χ2 test  

 fi
o = observed frequency 

 fi
t = expected/theoretic frequency 
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χ2  TEST: 3. SIGNIFICANCE LEVEL 

 Let  = 0.05  (5%) be the significance level.  
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χ2  TEST: 4. CRITICAL REGION 

 Critical region: [χα
2, ) 

 For α = 0.05: 

 χα
2 = 3.84  

 [3.48, ) 
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χ2  TEST: 5. PARAMETER OF THE TEST 

observed DC+ DC- Total 

SP + TP = 150 FP = 180 330 

SP - FN = 60 TN = 230 290 

Total 210 410 620 

expected DC+ DC- Total 

SP + = 330×210/620 = 330×410/620 330 

SP - = 290×210/620 = 290×410/620 290 

Total 210 410 620 
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χ2  TEST: 5. PARAMETER OF THE TEST 

observed DC+ DC- 

SP + 150 180 

SP - 60 230 
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Χ2  TEST: 6. MAKING DECISION 

 If χ2 [3.84, ) H0 is rejected with a risk of error of type I 
(α). 

 

 If χ2 [3.84, ) H0 is accepted with a risk of error of type II 
(). 

 Since 41.77[3.84, ) H0 is rejected with a risk of error 
of 5%. 

 There is an association between 
Streptococcus mutans  and dental caries. 
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CONTINUITY CORRECTION  
(YATES'S CORRECTION)  

 For small sample sizes the χ2 test is too likely 
to reject the null hypothesis (it tends to spot 
differences where none really exist).  

 A continuity correction can be made to allow for 
this.  

 Two conditions have to be met: 
 All expected frequencies must be greater than 1  

 80% of observed frequencies must be greater than 5 
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FISHER'S EXACT TEST  

 Chi-square procedures can be legitimately applied 
only if all values of E are equal to or greater than 5. 

 If a 2×2 contingency table fails to meet the 
conditions required for the χ2 test then Fisher's 
exact test can be used. 

 It is based on different mathematics to the χ2 test 
which are more robust when sample sizes are 
small.  

24 

9-Dec-2013 

24 



©2013 - Sorana D. BOLBOACĂ  

FISHER'S EXACT TEST 
 H0: there is no association between smoking and 

dental caries 

 If the null hypothesis is true - if any ostensible 
association between smoking and dental caries 
were the result of nothing more than mere chance 
coincidence -how likely is it that we might end up 
with a result this large or larger?  

observed DC+ DC- Total 

smoking + TP = 2 FP = 7 9 

smoking - FN = 8 TN = 2 10 

Total 10 9 19 
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FISHER'S EXACT TEST 

 Suppose that the initial assessment was performed and the 
number of subjects who do and do not show characteristics 
(smoking and dental caries) were counted, but have not yet 
sorted the subjects according to the correspondences of 
smoking and dental caries. In this case, all they would have 
would be the marginal totals shown in the following table/ 

 Given these marginal totals, there are 10 possible ways in 
which the specific correspondences between smoking 
and dental caries.  

DC+ DC- Total 

smoking + 9 

smoking - 10 

Total 10 9 19 
26 
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FISHER'S EXACT TEST 

 The p-value is calculated directly from the formula: 

 

 

 

 The p-value for the observed contingency table must 
be added to the p-value of the more extreme 
contingency table. 
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FISHER'S EXACT TEST 

Obs DC+ DC- Total 

smoking + 6 2 8 

smoking - 1 6 7 

Total 7 8 15 

Exp DC+ DC- Total 

smoking + 7 1 8 

smoking - 0 7 7 

Total 7 8 15 

28 

 The p-value must be calculated for the two contingency 
tables: 

 

 

 Therefore p = p1+p2 = 0.0305 + 0.0012 = 0.0317 

0012.0
!7!0!7!15

!8!7!8!7
p0305.0

!6!2!6!15

!8!7!8!7
p 21 

 The p-value = 0.0317 <  = 0.05  that smoking is 
associated with dental caries.  
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