5.1.3. How to check if your data have a normal distribution
using a goodness of fit chi-squared test

EXAMPLE 3.7. Length (mm) of two-spot ladybirds (Adalia bipunctata)

BOX 5.2 TO check if your data are normally distributed using a goodness
of fit chi-squared test

Step 1. Enter the data into the Excel spreadsheet using suitable column
headings. The ‘(0)’ means ‘observed’ — to distinguish it from the expected
values we are going to calculate later.
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Step 2. Calculate the expected values. To do this, we first need to find
the total number of ladybirds, the mean length and the standard deviation
of the length. The total number can be found by using the formula
‘=sum(b4:b12)’ in a suitable cell (make sure it is labelled so that
you know what the number means). Type in the label, click in the cell
where you want the number to appear, and type the formula into the
formula bar.
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Click on the green tick, or press ‘return’.
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We now need the centre of each range (class). This is found by taking the
top and bottom of the range, adding them together, and dividing by 2.
Thus, for the first range, the top is 1.9 and the bottom is 1.0, so the mid-
point is 1.45. The others can be found in a similar fashion.
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Calculating the mean and standard deviation is messy if we don’t have the
actual values. Fortunately, they have already been calculated in Chapter 3:
enter them in cells b15 and b16.
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Next, we use Excel to calculate the frequency for a normal distribution
at each of these mid-points. In cell d4, type the formula ‘=normdist
(c4,$b$15,$b$16,false)’. In this formula:

‘4’ is a relative reference to the cell immediately to the left, which
contains the value at which we want the frequency: this will change as
we drag the formula down the column;

‘$b$15° is an absolute reference to the cell containing the mean of the
distribution: this will NOT change as we drag the formula down the
column;
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‘$b$16’ is another absolute reference, this time to the cell containing the
standard deviation of the distribution;

‘false’ is a logical argument telling the computer that we want the
probability mass function, not the cumulative distribution function.
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Click on the green tick, or press ‘return’.
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Drag the formula down into cells d5 to d12 to find the other probabilities.
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The final step is to calculate the expected numbers. To do this, we multiply
the probabilities by the total number of ladybirds (as stored in cell b14).
Put a suitable title (e.g. ‘number (e)’ — where the ‘(e)’ means ‘expected’) in
cell €3, then click in cell e4. Type in the formula ‘= d4*$b$14°, where ‘d4’
is a relative reference to the cell to the left and ‘$b$14’ is an absolute
reference to the cell containing the total number of ladybirds.
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Click on the green tick, or press ‘return’.
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Now drag the formula down to cells e5 —12.
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Step 3. Work out goodness of fit chi-squared. Unless you are a maths whiz,
it is best to do this in small steps.

First, note that several of the expected values are less than 5, which vio-
lates one of the criteria for a chi-squared test. We need to group together
some of the classes to reduce this problem, and we choose to combine the
first two and the last two classes.

Further down the spreadsheet, we can copy most of the important parts
of our table to make a new table. Set up the new lengths as shown:
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14 |total a0
158 \mean 5.03
|16 [st. dev. 1.94

20 |length (mm)
21 1.0-29
22 13.0-3.9
23 |4.0-4.9
24 15.0-59
25 B.0-6.9
26 7.0-7.9
27 [B.0-9.9

(Note that the first and last class are now twice the size of the others.
This is only acceptable as a step within a calculation such the goodness of
fit chi-squared. You should use the usual equal-sized classes at all other
times.)

The data can be copied down for the middle classes by copying the
numbers from their original locations. Either type them in by hand, or
use formulae of the form ‘=b6’ in cell b22, and drag it down into cells
b23 to b26.

e
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| 20 [length (mm) number (@) number (g)
2110289

(22 13.03.9 5 250
| 23 4049 8 400
(24 15059 12 500
25 |6.06.9 g 450
267078 5 250
27 8099
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The combined classes will need formulae: in cell b21, type ‘=b4 + b5’ to
combine the observed values for the first two classes. The other combi-
nation can be performed similarly.

18

19

20 |length (mm) number (o) number (g)

| 21 [1.0-2.9 4 5587730942
|22 13.0-3.9 5 7224104502
23 ]4.0-48 g 9753205109
|24 |5.0-5.9 12 10.09670422
| 25 6.0-6.9 9 8.012857761
267078 5 4.575305492
| 27 |8.0-9.9 6 3.087469234
REER

(29

30

Unless you are a maths whiz, it is best to do the next bit in small steps.
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First, find the difference between the observed and expected values.
Enter ‘=b21-c21’ into cell d21, say, then drag the result down into cells
c22 to d27.

nurmber () obs-exp

5.887730942) -0.8877302
7.224104502] -2.2241045
9.753505109] -1.7539051
10.09670422) 1.9032951
8.012857761] 0.9871422
4.875305452] 0.1246945
3.087469234] 29125308

o1 M @O kMmoo

Next, square these values by entering ‘=d21"2’ into cell €21, say, and
drag the result down into cells €22 to e27.

nurmber (g) ohs-exp {ohs-exp)®
5887730942 -0.8877309] 0.7880662
7220104502 -2.2241045) 4.9466408
9.753905109 -1.7539051) 3.0761831
10.09570492  1.9032951] 3.6225322
8.012857761 0.9871422] 0.9744498
4875305492 0.1246945] 0.0155487
3.087469234 2.9125308] 8 4828355

jg__D:EIength {mrm} number (o

o) M@ ko mm—

Then divide this by the expected number of ladybirds by entering < =e21/
c21” into cell 21, say, and dragging down into cells f22 to f27.

18
18
20 |length {mm) number (o) number (g) obs-exp {obs-exp)® (obs-expPlexp
|21 (1.0-29 5 5.88¥730942 -0.887730% 0.7850662] 0.133845385
| 22 |3.0-3.9 5 7224104502 22241045 4.9466405) 0.684741041
| 23 |4.0-4.9 g 9.753905109 -1.7535051 3.0761331) 0.315379643
| 24 |5.0-5.9 12 1009670492 1.9032951 3.6225322) 0.358783601
| 256 |6.0-6.9 9 8.012857761 09571422 09744495 012161077
| 26 |7.0-7.9 5 4575305492 01246945 0.0155487) 0.003185281
| 27 |5.0-9.9 6 3087469234 29125308 B5.4525355) 274750445
% 5

Finally, find chi-squared by adding together all the values of (Obs — Exp)?/
Exp by entering <= SUM(f21:f27)’ into cell £29, say.
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102
| 20 |length (mm) number (o) number (g} obs-exp {obs-exp)®  (obs-expirexp
| 21 [1.0-29 5 5.8587730942 -0.8577309 078980662 1.133848555
2213039 5 7.224104502 -2.2241045 49466405 0.654741041
|23 |4.0-49 § 9.753905109 -1.7539051 3.0761831 0.315379645
|24 |5.059 12 10.09670492 1.8032951 36225322 0.356783601
25 |6.069 9 B.012857761 09571422 09744483 012161077
| 26 [7.0-7.9 5 4.875305492 01246945 0.0155487 0.003159281
(27 |5.09.9 6 3.057469234 29125308 84828355 274750445
28
| 29| chi-sq. I 4.36505?6?4!
30
ar

Step 4. Perform the test. We are going to work out the probability. To do
this, select another cell, £31, say, and start the function wizard (‘Insert’,
‘Function’). From the function category, select ‘Statistical’.
91
Insert Function 2 x]

Search For a Function:

Type a brief description of what you want to do and then Go |
click Go

Ot select a category: |Most Recently Used ! -
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From the function name list select ‘CHIDIST".

au

Plinsert Function 21|

Search for a function:

Type a brief description of what ywou want to do and then Go |
click Go

0 orselecta category: |Statistical j
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CHIDIST{x,deg_freedom)
Returns the one-tailed probability of the chi-squared distribution,

Help on this function K I Cancel
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Click on ‘OK’. In the following dialogue box, in the first box enter the cell
location where the value of chi-squared is held (you can enter the value of
chi-squared manually, but entering the cell number eliminates the possi-
bility of typing mistakes). In the second box, enter the number of degrees
of freedom (5 in this case).

Function Arguments ll
har CHIDIST
% [Fz0 ] = 4365057874
Deg_freedom IS :k_i —]

= 0.498138634
Returns the one-tailed probability of the chi-squared distribution,

Deg_freedom is the number of degrees of freedom, a number between 1 and 1010,
excluding 1010,

Formula result = 0495135634
Help on this function ok I Cancel I

Now hit ‘OK’. The number that appears in the cell is the probability that
the null hypothesis will not be rejected.

| 15
19
| 20 |length (mm) number (@) number (g) obs-exp (obs-expl  (obs-expilexp
| 21]1.0-29 5 5887730942 -0.8877309 0.7880562 0.133848885
(22 13.0-38 5 7.224104502 -22241045 4.9466408 0.684741041
23 4048 8 9.753905109 -1.7539051 30761831 D0.315379645
(24 5059 12 10.096704592 1.9032951 3.6225322 0.358783601
|25 B.06.39 9 B.012857761 09871422 09744498 012161077
267078 5 4.875305492 01245945 0.0155487 0.003189281
|27 8099 6 3087463234 29125308 84828355 274750445
28
(29 chi-sq. 4365057674
30
131 | prabability | 0.498138634!
ER

In this case, p is large (0.49) and above the threshold of p =0.035, so we do
not reject the null hypothesis. There is no significant difference
(12 teutared = 437, p=0.498) between the observed lengths of ladybirds
(mm) compared with that expected if the data are normally distributed.
The data can be said to be normally distributed.



