Statistical Analysis of Data

Measured data is carefully collected.

The data is organized as a bar chart or histogram (Figure 4-2, page 72, in Harris 3e)

The bar chart or histogram may approximate a Gaussian distribution (also known as a Normal distribution) (Figure 4-2 in Harris).

The center of a perfect Gaussian distribution represents the mean (x)-the sum of the measured values divided by the number of measurements.  This particular center is also the mode-the most frequent measured value.  Obviously, perfect Gaussian distributions are not obtained for a small sample of data, so, in reality, the mean and mode are different (see handout, page 3).

The median value indicates that half the data is above this value and half is below it (see handout, page).

The standard deviation (s) is a measure of the width of the Gaussian distribution or distance from the center of the Gaussian distribution.  The standard deviation also indicates the precision of a measured quantity.
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For a finite set of measurements, x and s are known as the sample mean and sample standard deviation, respectively.

For an infinite set of data,  and  represent the population mean and population standard deviation, respectively.

Percentage of observations in a Gaussian distribution:

±    contains 68.3% of the observations

±  2  contains 95.5% of the observations         The standard of excellence is the 95.5% (95%) probability level.
±  3  contains 99.7% of the observations         
A confidence interval is a range of values in which there is a particular probability of finding the population mean.  Better measurements (smaller s) give smaller confidence levels.  Alternatively, more measurements (larger n) have the same effect.
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Student's t (the t in the equation above):  Find the value of t for the desired probability (%) and degrees of freedom (n-1), see Table  4-2, page 74 in Harris 3e.  If a sample mean is 2.546 +/- 0.002 g for 31 measurements, then the population mean at the 99.5 % probability level is 2.546 +/- 0.001 g.  This indicates that the population mean lies within the range 2.547 g –2.545 g.

t test:  This test allows for the comparison of two sets of measurements.  If tcalculated > ttable at the 95% confidence level (ttable is found in Table 4-2) then the difference in the two sets is significant, i.e. the sets are different.  The discovery of Argon in air is a great example of the power of statistical analysis of data (see pages 76-78 in Harris 3e).
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Rejection of Questionable Data

Q Test:  Q = gap/range Refer to Table 4-4 “Values of Q for data rejection” on page 79 in Harris 3e.

If Qcalculated > Qtable a questionable value can be rejected with 90% confidence.


7.8 9.2  9.4  9.5  9.9  10.0  10.2  10.6  10.8  11.3  11.6  11.6

Qcalculate = 1.4/3.8 = 0.368

Qtable = 0.38

The data point with a value of 7.8 is NOT rejected.  There is a greater than 10% chance that it is a member of the same population as the other values.

Least-Squares Analysis of Data 

Construction of a Best-Fit line à la EXCEL (refer to section 4-4 in Harris and pages 5-7 in the Handout)
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n = number of data points


n - 1 = degrees of freedom





One can always calculate the nth data point from the mean and n - 1 data points





gap = 1.4





Range = 3.8 
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