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Hypotheses Testing 
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Basic Concept 
n  I would like to reject  a null hypothesis 

Ho based on a sample from a statistical 
distribution 

n  The null hypothesis describes some 
properties of the distribution from which 
we drawn the sample 

n  We want to reject these properties 
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Example 
n  We observe a vehicle and our claim is: 

this is not a car (property) 
n  Ho: the vehicle is a car 

n  A car has 4 wheels 
n   test statistic: the number of wheels 

n  Reject if t<4 or t>4  
n  Critical region C the set 1,2,3,5,6,… 



4 

Conclusion 
n  If t is not 4 we reject Ho 

n   it is not a car 

n  If t=4 we can not reject Ho 
n  Nothing can be concluded … may be is a car may 

be not … there are other vehicles with 4 wheels … 

n  If the null hypothesis is not rejected 
nothing can be said about the outcome ! 
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Example 
Suppose we acquire 10000 bottle of wine: the wine producer 
guarantee 99% of bottles defect-free (e.g., cork). I cannot 
immediately test all my bottles; if the number of defective bottles 
in a sample of say 50 bottles is large I’ll reject the lot, in the 
essence I need to decide if the proportion of defective bottles is 
higher than 1% 

Suppose we measure the mean value of a pollutant, and suppose 
the limit enforced by law is 5ppm (part-per-million); if 5 is the 
upper limit I would want to use sample data (daily pollution 
measurements) to decide  if 99% of times the confidence interval 
for the mean contains only number below/above the limit  
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Null and Alternative Hypotheses 

Null hypothesis:  A hypothesis to be tested. 
We use the symbol H0 to represent the null 
hypothesis (mean of pollutant is equal 5) 

Alternative hypothesis:  A hypothesis to be 
considered as an alternate to the null 
hypothesis. We use the symbol Ha to represent 
the alternative hypothesis. (the pollutant mean 
is larger than 5) 
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Idea 
Base the decision on a test statistic computed on the available data; 
for example take one month of daily pollutant  measures n=30. If the 
sample mean over the month is much larger than 5 (say 9) we will 
reject the hypothesis that the pollutant is within the law enforced 
limit 
 

If the mean is near 5 say 4.8 we will suspect that we cannot reject 
the hypothesis that the true mean is 5 
 

The values that  the mean can assume are divided into two sets, 
those larger than some specific value will imply the rejection of the 
null hypothesis and acceptance of the alternative hypothesis 
 

This set of value is called rejection region 
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Ho 
The null hypothesis  plays the role of the devil’s 
advocate:  
 
I would like to reject the null hypothesis 
 
That means that it is the alternative hypothesis 
that  represent my conjecture 
 
We better carefully select the Ho hypothesis of we 
end up with the problem to calculate      error.  β
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ASL 
The Achieved Significance Level (or p-value)  having 
observed     it is the probability of observing  at least 
that large value when the null hypothesis is true 
 
 
 
 
ASL < 0.10 borderline evidence against Ho – 10 % 
ASL < 0.05 reasonably strong evidence against Ho – 5 % 
ASL< 0.025 strong evidence against Ho – 2.5 % 
ASL < 0.01 very strong evidence against Ho  -- 1%   

( )θθ ≥= ˆPrHoASL

θ
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Test Statistic, Rejection Region,   
Non rejection Region, Critical Values 

Test statistic:  The statistic used as a basis for deciding 
whether the null hypothesis should be rejected. 
Rejection region:  The set of values for the test statistic that 
leads to rejection of the null hypothesis. 
Nonrejection region:  The set of values for the test statistic 
that leads to nonrejection of the null hypothesis. 

Critical values:  The values of the test statistic that separate 
the rejection and nonrejection regions. 
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Type I and Type II Errors  

 true)is Ho | HoP(reject             
error) I P(type error  

=
=α

Type I error: rejecting the null hypothesis 
when it is in fact true. 
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Type I and Type II Errors 
Type II error: not reject the null 
hypothesis when it is in fact false. 

false) is Ho|Horeject P(not               
error) II P(type error  

=
=β
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Correct and incorrect decisions 
for a hypothesis test 
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Power 
The power of the test: is the probability to 
reject the null hypothesis when it is in 
fact false. 

false) is Ho|HoP(reject               
error   - 1 Power

=
= β
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Rejection regions for two-tailed,  
   left-tailed, and right-tailed tests 
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Graphical display of rejection regions for two 
tailed, left-tailed, and right-tailed  tests 
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Weights, in grams, of 25 randomly 
 selected bags of pretzels 

Declared weight: 454 gr 
Sample mean 450 standard dev 1.56 



18 

Confidence Interval 
95.44% of all samples of 25 bags of pretzels have 
mean weights within two standard deviations 
(3.12 g) of �. 
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Test Statistic for the Mean 
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The mean value is 454gr 
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Data are standartized 

Notice that 
The real  test  
Statistic  
value is 
5*(-2.56) = -12.8 
 
Reject  
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Rejection region, non rejection region, and 
critical values for the pretzel packaging 
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Road Traffic 
We need to asses if repairing is needed on 100Km 
of highway, we  want to design a more structurally 
efficient surface. 
Past data suggest an average number of heavy-
duty trailers 72 per hours, however, the highway is 
crossing a urban area and we believe that the 
volume is much higher  
 

We monitored 50  period of 1 hour and we obtain: 
 
 13.3s   9.74 ==y Do we believe to 72???? 
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Road traffic 
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Decision 

n  Notice that for the one tailed 
test 
n   10% means 1.28 
n   5 % means 1.64 

We reject at 10% we cannot do that at 5%!!!! 


