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HYPOTHESIS TESTING 
 
One must first need to ask the geologic or biologic question 
pertinent to the data at hand ...  then  form the statistical 
hypothesis.  
 

e.g.  Are samples from horizon A and horizon B from the same 
population ? (is   x A = x B?)  

 
¥  Form two hypotheses: the null hypothesis (H 0)  and alternative 

hypothesis (H 1)  
 
 H0:    x A = x B 
 H1:    x A ≠ x B  for a two -sided test   or ...  
    x A > x B (one -sided test)  or ...  
    x A < x B  (one -sided test)  
 
¥  Null is usually the hypothesis of no difference.  
 
¥  Use one- or two -sided depending on que stion being asked; if 

don't know, use two sided  
 
Decisions and Risk Levels  
 

Right  Wrong  
Accept true null hypothesis  Reject true null hypothesis 

(type I error). Probability of this 
= !  or risk level  
 

Reject false null hypothesis  Accept false null hypothesis 
(type II error).  Probability of 
this is "  

 
¥  Risk level ! is important, " may or may not be important.  
 



 3.2 

¥ Setting a risk level !  at 0.05, means you are willing to accept a 
5% cha nce of making a type I error  

 
¥  Always set !  before  you do the test and stick with it.  
 
¥  Note: the lower the !  the higher the probability of a type II error.  
 
¥  An ! at 0.05 (5%) gives reasonable compromise to avoid type I 

and type II errors.  
 
Test Statis tics and Critical Values  
 
¥  Many available test distributions depending on what statistical 

question you are asking.  
 
¥  Usually identify critical values through a table or sometimes 

through a formula.  Differ with different !  levels and if you are 
using a one- or two -sided test  

 
¥  If calculated (observed) statistic fall outside critical value must 

reject null hypotheses; if calculated statistic falls within critical 
value must accept null hypothesis  

 

one-sided test
!  = .05

critical value

reject Haccept H o o

5%

95%

two-sided test
!  = .05

critical value

reject Haccept H o o

2.5%

95%

critical value

2.5%

reject H o  
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TESTING DISTRIBUTIONS 
 
The Student's -t test for popul ation mean  
 
¥  One-sample version  of Student's -t to test the sample mean with 

a known population mean (eg.   x vs µ)  
 

¥  Based on t -statistic where t = 
  

x ! µ

se
 and  s e =   s 1 n  

  
¥  t  has n -1 degrees of freedom  
 
¥  t distribution is also symmetrical, but a bit wider than the normal 

distribution as it is dependent upon sample size.  
 
¥  Assumes that the samples were collected f rom a normally 

distributed population  
 

e.g.  suppose we know that the mean life expectancy of adult 
bivalves, measured as maximum number of growth lines, of 
species x is  9.5 years and we collected 39 specimens of 
indeterminate bivalves with a sample mean of 8.4  and a 
standard deviation of 1.86.   Does our sample mean differ from 
the population mean of species x?  

 
Step 1 . formulate hypothesis  

 
Does our sample mean life expectancy differ from the mean of the known 
population life expectancy?  

 
H0:    x = µ  

 H1:    x ! µ  (a two -sided test)  
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Step 2 . calculate t -statistic  
  

 t  = 
  

€ 

x − µ
se =

8.4 −9.5
1.86 1/39 =

−1.1
0.298 = −3.693  

 
 df  = n -1 = 39 -1 = 38  

 
Step 3.  loo k up critical value of t  for a given df  and !  

 
 if the calculated absolute value of t  < t crit  then accept H 0 
 if the calculated absolute value of t  > t crit  then reject H 0 
 
 from table, t crit  = 2.021 for df  = 38 and !  = .05 (two sided)  

 
Since the absolute v alue of t is greater than t crit   we must reject 
H0 that   x = µ .  
 
Conclusion: with 95% confidence, the average life expectancy of 
our sample is, different from the known life expectancy of 
species x. Either ou r sample is not species x or something is 
affecting its life expectancy  

 
"Goodness -of -Fit" tests  
 
¥  Tests between two frequency distributions, such as an observed 

distribution from a hypothetical (theoretical) one.  
 
¥  Two commonly used tests include: #2 (Chi-square) and 

Kolmogorov -Smirnov tests  
 
Chi-squared test   
 
¥  Use to test observed frequencies of events or values with those 

which would be expected.  Can also be used with nominal and 
ordinal data.  
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¥ Testing hypothesis that frequency distributions are equivalent 
(two -sided test)  

 

¥   test statistic = #2 = 
  

(O j −E j)2

Ejj=1

k
∑  

 
¥  Where df  = a Ð 1 - k   where a = the number of frequency 

classes and k = number of parameters estimated  
 
¥  If testing against a normal distri bution, k = 2 as we need both   x  

and s to characterize distribution.  Other possibilities.  
 

¥  Look -up value for 
  
!

crit
2  in table  

 
¥  Limitations:  should be at least 5 observations in all of the 

expected frequency classes.  If not, must lump data (i.e. 
increase class interval width)  

 
 

e.g.  number of golden trilobites found per 1000 km 2 (a rare event 
which may be distributed as Poisson)  

 
 

Step 1 . formulate hypoth eses and risk  
 
H0: freq. distribution = Poisson  
H1: freq. distribution ! Poisson  
 

 set !  to 0.05  
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Step 2 . Calculate observed and expected frequencies  

 
Class Interval  Observed Frequency  Expected  Frequency  

0-2 109  108.7  
2-4 65  66.3  
4-6 22  20.2  
6-8 3 4.11*  

8-10  1 0.745*  
more than 10  0 0.210*  

        *these must be lumped together to make an E i of 5 or more  

 
so get:  Interval  Oi Ei (Oi-Ei)2/E i 

 0-2 109  108.7  0.0008  
 2-4 65  66.3  0.0255  
 4-6 22  20.2  0.1604  
 6 or more  4 5.065  0.2239  

 
Step 3 . Calculate  #2 statistic  

  by plugging data into 
  

(O freq ! Efreq )2

Efreq
"  we get #2= 0.4106  

 
Step 4 .  Compare calculated statistic with critical value  

 
has df  = a - 1 - k = 4 -1-1 = 2 (use k = 1 because only need   x  to 
estimate Poisson distribution).  In table critical for #2 = 5.99 
when !  = .05 and df  = 2   
 
Since the observed value is much less than the critical value 
must accept null hypothesis that the golden trilobites are 
distributed as Poisson  

 
Kolmo gorov -Smirnov test  
 
¥  Differs from a  #2  test in that one does not have to lump data.  

Can also be applied to the distributions of 2 sample groups (not 
just observed and expected).  
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¥  Based on maximum separation - Dmax in the cumulative 

probability of the two distributions.  The probabilities are just the 
frequency/ n 
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Need to look up formula for D crit   each ! .  For example ! = .05 

for a 2 -tailed test, D crit  can be approximated by 
  
1.36 !

1
N

 where 

N = n 1 +n 1 
 
e.g. for a data set of two samples  
 

Sample 1:  4.2  5.1  6.2  6.7  7.3  7.9  8.1  8.5  8.9  9.4  10.2  
   11.2  
 
Sample 2:  1.1  1.9  2.3  3.4  3.6  3.9  4.6  5.2  5.6  5.9  6.1   

   6.3  6.8  6.9  7.3  7.8  
 

Step 1 . formulate hypotheses and choose risk level  
 
H0: cum. freq. distribut ion 1= cum. freq. distribution 2  
H1: cum. freq. distribution 1! cum. freq. distribution 2  
 
set !  to 0.05  
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Step 2 . calculate cumulative frequencies and probabilities  
 

Sample 1:  Class 
Interval  

 
Frequency  

Cumulative  
Frequency  

Cumulative  
Probability  

 0-2 0 0 0 
 2-4 0 0 0 
 4-6 2 2 0.1667  
 6-8 4 6 0.5  
 8-10  4 10  0.833  
 10 -12  2 12  1.0  

 
Sample 2:  Class 

Interval  
 

Frequency  
Cumulative  
Frequency  

Cumulative 
Probability  

 0-2 2 2 0.125  
 2-4 4 6 0.375  
 4-6 4 10  0.625  
 6-8 6 16  1.0  
 8-10  0 16  1.0  
 10 -12  0 16  1.0  

Step 3 .   calculate D max 
  

Find the maximum difference (D) between the two cumulative 
probabilities.  

 
Interval  Cum. Prob 1 Cum. Prob 2 D = Prob 1-Prob2 

0-2 0.0  0.125  -0.125  
2-4 0.0  0.375  -0.370  
4-6 0.167  0.625  0.458  
6-8 0.5  1.0  0.5  

8-10  0.833  1.0  0.167  
10 -12  1.0  1.0  0.0  

max diff erence =  0.5  
 

If doing two -sided test use the absolute value of Prob 1 - Prob2 
for D  
 
Dmax for the above data = 0.5  
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Step 4 . test the values of D max 
 
For N = 36,  D crit   = 1.36/6 = 0.227   
 
Since Dmax is greater than our D crit  we must reject the null 
hypo thesis in favor of the alternate, the samples have different 
distributions.  

 


