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COMPARING MEANS
• There are many cases where the results of two sets of 

measurements need to be compared.

• In these instances, it is not necessary to know the “true” value of 
the what is being measured, we simply need to have information 
about the quality of the measurements of the samples.

• The question that is typically asked (the null hypothesis) is 
wether or not the means of each set of measurements are the 
same (or not).



PAIRED OR UNPAIRED
• In comparing means we need to first identify the type of 

data set that we are dealing with.

• The measurements could be paired, or unpaired.

• With paired data, the same samples are measured with 
each analysis.

• With unpaired data, the sample is split and part is measured 
by each analysis.



COMPARING MEANS OF UNPAIRED 
DATA

• We can modify the t test once 
again to test the null hypothesis 
(H0: µA=µB).

• We can then compare texp to the 
desired tabulated confidence level.

Trials Student A Student B

1 14.602 14.408
2 14.782 14.517
3 14.668 14.322
4 14.534 14.477
5 14.721 14.398
6 14.596

Average 14.6505 14.4244
Std. Dev. 0.091 0.075



HOW MANY DEGREES OF FREEDOM?
• The degrees of freedom for a 

comparison of means depends on the 
difference in the standard deviations 
of each set of measurements.

• If sA2 and sB2 provide estimates of the 
same population variance, we can 
pool the standard deviations.

• This is determined with a simple F-
test.

Trials Student A Student B

1 14.602 14.408
2 14.782 14.5173 14.668 14.3224 14.534 14.4775 14.721 14.3986 14.596

Average 14.6505 14.4244
Std. Dev. 0.091 0.075



PERFORMING AN F-TEST
Trials Student A Student B

1 14.602 14.408
2 14.782 14.517
3 14.668 14.322
4 14.534 14.477
5 14.721 14.398
6 14.596

Average 14.6505 14.4244
Std. Dev. 0.091 0.075
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F(0.05, nnum, ndenom) for a Two-Tailed F-Test
ν
ν

num

denom⇓ 1 2 3 4 5 6 7 8 9 10 15 20 ∞

1 647.8 799.5 864.2 899.6 921.8 937.1 948.2 956.7 963.3 968.6 984.9 993.1 1018
2 38.51 39.00 39.17 39.25 39.30 39.33 39.36 39.37 39.39 39.40 39.43 39.45 39.50
3 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 14.47 14.42 14.25 14.17 13.90
4 12.22 10.65 9.979 9.605 9.364 9.197 9.074 8.980 8.905 8.444 8.657 8.560 8.257
5 10.01 8.434 7.764 7.388 7.146 6.978 6.853 6.757 6.681 6.619 6.428 6.329 6.015
6 8.813 7.260 6.599 6.227 5.988 5.820 5.695 5.600 5.523 5.461 5.269 5.168 4.894
7 8.073 6.542 5.890 5.523 5.285 5.119 4.995 4.899 4.823 4.761 4.568 4.467 4.142
8 7.571 6.059 5.416 5.053 4.817 4.652 4.529 4.433 4.357 4.259 4.101 3.999 3.670
9 7.209 5.715 5.078 4.718 4.484 4.320 4.197 4.102 4.026 3.964 3.769 3.667 3.333

10 6.937 5.456 4.826 4.468 4.236 4.072 3.950 3.855 3.779 3.717 3.522 3.419 3.080
11 6.724 5.256 4.630 4.275 4.044 3.881 3.759 3.644 3.588 3.526 3.330 3.226 2.883
12 6.544 5.096 4.474 4.121 3.891 3.728 3.607 3.512 3.436 3.374 3.177 3.073 2.725
13 6.414 4.965 4.347 3.996 3.767 3.604 3.483 3.388 3.312 3.250 3.053 2.948 2.596
14 6.298 4.857 4.242 3.892 3.663 3.501 3.380 3.285 3.209 3.147 2.949 2.844 2.487
15 6.200 4.765 4.153 3.804 3.576 3.415 3.293 3.199 3.123 3.060 2.862 2.756 2.395
16 6.115 4.687 4.077 3.729 3.502 3.341 3.219 3.125 3.049 2.986 2.788 2.681 2.316
17 6.042 4.619 4.011 3.665 3.438 3.277 3.156 3.061 2.985 2.922 2.723 2.616 2.247
18 5.978 4.560 3.954 3.608 3.382 3.221 3.100 3.005 2.929 2.866 2.667 2.559 2.187
19 5.922 4.508 3.903 3.559 3.333 3.172 3.051 2.956 2.880 2.817 2.617 2.509 2.133
20 5.871 4.461 3.859 3.515 3.289 3.128 3.007 2.913 2.837 2.774 2.573 2.464 2.085
∞ 5.024 3.689 3.116 2.786 2.567 2.408 2.288 2.192 2.114 2.048 1.833 1.708 1.000

H0: sA2 = sB2 Fexp ≤ F(0.05,5,4) accept H0
Fexp > F(0.05,5,4) reject H0 



TEST WITH POOLED 
VARIANCE

• If the null hypothesis (H0: sA2 = sB2) is accepted, the 
variances from both measurements may be pooled.

• The degrees of freedom are then calculated as: 
nA + nB - 2



TEST WITHOUT POOLED 
VARIANCE

• If the variances are sufficiently 
different (the null hypothesis is 
rejected) a different calculation 
is used to determine the total 
degrees of freedom (𝓥).

• Round 𝓥 to the nearest 
integer value.



SAMPLE CALCULATION
If Student A and B measured samples from the same population, are 

their reported means different at the 95% confidence level?

Trials Student A Student B

1 14.602 14.408
2 14.782 14.517
3 14.668 14.322
4 14.534 14.477
5 14.721 14.398
6 14.596

Average 14.6505 14.4244
Std. Dev. 0.091 0.075


