An example of comparing frequencies: 2 x 2 chi-square

Suppose you have two groups (one who took Vitamin C and another who took placebo), and you would
like to see if the frequency of getting the flu is different or not. 33% of the vitamin C group had the flu.
50% of the placebo group got the flue. Is it statistically different?

The 2 x 2 contingency table:

Had flu Did not have flu
Group (A) 10 20
Vitamin C
Group (B) 15 15
Placebo

There are many online applets you can use. Here is one:

http://www.quantpsy.org/chisq/chisq.htm

N FOR THE CHI-SQUARE TEST

tlation tool for chi-square tests of goodness of fit and independence
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Calculate H Reset all Chi-square: 1.714

degrees of freedom: 1

p-value: 0.19046721
The difference was not found to be significant (;(2 (1)=1.714, p = .19).

See Chi.pdf below for more details, which is an excerpt (358 — 360) from: Sprinthall (2003). Basic
Statistical Analysis. Boston: Allyn and Bacon.
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TABLE 13.2 Contingency table for vitamin Cfinfluenza data.

Had Did Not Have
influenza influenza
Group A: ’ 9 b
vitgmin:< 10 20 30=a+h
Group B: ’ € d
placebo l 15 15 30-c+d
ad€=258 b+d=35 60=at+b+c=N

€ and did nol catch influenza, and so an. Note that this particular contingency table has
two rows and two columns; it is called & 2 % 2 contingency table. Also note thal the two
groups define the rows, whereas the ca tegories on which the subjects are being mea-
sured (flu versus no fluj are heading the columns. Another way lo remember this is that
the independent variable {whether or not the subjects took the vitamin) is setin the
rows and the dependent va riable (whether or nol they caught the { lu) in the columns,

To the vight of each row, and at the bottom of cach column, we place the marginal
tolals: 30 and 30 for the rows and 25 and 35 for the columns, This isan important step;
als are used for caleulating the values of the frequency expected.

these marginal tot
Also, as a check, we verify that the row total (20 + 30} equals the column Ltotal (25 + 33)

and that each adds up to the total N, in this case 60.



Calculating the Chi Square Value.  Aswe did for the 1 x k, we set up a lable. Here,
cach column is headed by a particular coll, As we fill in this table, we must keep the
contingency table (Table 13.2) clearly in view because some of the values are taken
from it.
The value of the by k chi square is abtained by the follow ing steps (sec Table 13.3):
1. We take the values for f, directly from the contingency table and put them in
the [irst row: 10 for cell a, 20 for cell b, and so on.

TABLE 13.3 An rx k chi square with data from Table 13.2,
a b 3 d

f 10 20 15 15

[ 12.500 17.500 12.500 17,500

L=t -2.500 2.500 2.500 -2.500

(f,- 1Y 6.250 6.250 6.250 6.250 A

{f, - LI, 500 357 .500 357 #=1714
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2. To fill the second row, we calculate the values for f, for all cells of the conts 2
gency table, For a given cell, £, equals the product of its colummn tatal and its row loal:
divided by N, the total number of cases. Cell ais in the column whose total is 23 and.
in the row whose total is 30. Therefore, £, for cell a equals (25 x 30) = 64, or 12,500y
this same formula, we obtain values of £, for b, ¢, and d of 17.500), 12,500, and 17.5(6,;
respectively. :

3. In the third row, we place the difference between f and £ For cell a, this value
is 2500, from 10~ 12,500, and so on.

4. We squate the values in the third row and place the squared differences inthe
fourth row, that is, 6.250 for all cells. ' '

5. We divide cach squared difference by the £, for that cell and put the resulfing
values in the fifth row: 500, .357, .500, and 357, i

6. We add across all the values in the fifth row to oblain the value for chi squar.
that is, ¥* = 1.714.

Interpreting the Chi Square Value. The degrecs of freedom for the » x & chi square.
are found by the following equation: df = (v - 1){k— 1). The numbers of rows and.
columns are taken frows the contingeacy table. Thus, in the vitamin C study, we had ave!
rows (vitamin C versus no vitamin €) and two columns {influenza versus no in-
fluenza), The degrees of freedom, then, are equal to (2- 132 - 1), or 1. Then

X sty =384
72 =1.714 Accept Hy not significant,

Checking our obtained chi square value of 1.714 against the critical value of 353
for an alpha level of 415 shows that the statistical decision mustbe an acceptance of the
null hypothesis. There are no significant differences between the two groups with re-
spect o their frequency of catching flu. Since this was experimental methodalogy
between-subjects, we conclude that the independent variable (vitamin C) did not af-
fect the dependent variable (influenza). We would write the conclusions as follows: A
2 x 2 chi square was computed comparing the frequency of influenza between groups
who had either received vitamin C or a placebo. The ditference was found nat tobe
significant (chi square(l) = 1.714, p = .05, ns.).




