
CHI SQUARE

When looking at real estate characteristics we are often concerned with
counting individuals or attributes who appear in various categories. We
often wish to compare this count with the number of individuals that an
a priori hypothesis states should have appeared in these categories.

EXAMPLE

The valuer wishes to examine the effect of the type of vehicular trade
has on the value of a service station site. By observation they found the
following breakup:

OBSERVED FREQUENCIES OF USER CATEGORIES 
SERVICE STATION

VEHICLE OBSERVED EXPECTED
TYPE FREQUENCY FREQUENCY
Private cars 23 18.4
Business cars/vans 18 20.7
Trucks/buses 5 6.9
TOTAL 46.00 46.0

The expected frequencies have been obtained from a sample of passing
traffic including those who pulled into the service station. Are the
observed sample of vehicles entering the service station typical of the
passing population except for sampling error or does the observed
sample deviate so widely from the expected breakup that we must
conclude that it is not a chance deviation? 

To measure any significant difference, Chi Square can be used. The Chi
Square method requires:

● Squaring the difference between the observed frequency (OF)
and expected frequency (EF) for the value in each cell (this will
provide all positive values).

● Divide each result by the expected frequency (EF). This will
overcome magnitude problems

● Sum the answers to obtain Chi Square.
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DETERMI]VING CHI SQUARE

OF EF (OF-EF) (OF-EF)2  (OF-EF)2/EF
23 18.4 4.6 21.16 1.15
18 20.7 -2.7 7.29 .3522
5 6.9 -1.9 3.61 .5232

---------
46 46.0 CHI SQUARE: 2.03

DETERMINING CHI SQUARE IN EXCEL

The chi square value for the observed and expected data and
appropriate degrees of freedom is found with the following command:

=CHITEST(observed frequency range, expected frequency range)

To find the critical Chi Square value:

=CHIINV(probabihty, degrees of freedom) 
eg =CHIINV(0.05,2) = 5.992

DEGREES OF FREEDOM (DF)

In Chi Square the degrees of freedom (df) are tied to the number of cells
in the chi square matrix:

DF = k-1

Where:

DF = degrees of freedom 
k = number of categories in the classification table

In the example above there are 3 classifications and therefore, the df =
3-1 = 2. 

To determine the significance of the Chi Square, see the Chi Square
table. The table shows that the critical level for df=2 and 5% confidence
level is 5.99. Therefore, since 2.03<5.99 the null hypothesis is
accepted that there is no difference between the sample of motorists
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using the service station and the passing motorist population.

USING TWO VARIABLES OF CLASSIFICATION

It is useful to be able to use Chi Square for the comparison of two
groups of surveyed results. For example, if we are comparing the type
of trade of country versus city service stations. Suppose we have
obtained the following data from a survey:

CONTINGENCY TABLE 
COUNTRY VERSUS CITY SERVICE STATIONS

CARS TRUCKS TOTALS
Country 40 30 70
City 40 10 50
TOTALS 80 40 120

In the above contingency table the row and column totals are called
marginal totals. If the 2 groups are independent and we assume that the
proportion for each group against each classification should be the
same, the expected frequencies are as follows:

EF for cars/country service stations = 70 * 801120 = 46.67 
EF for trucks/country service stations = 70 * 401120 = 23.33 
EF for cars/city service stations = 50 * 801120 = 33.33 
EF for trucks/city service stations = 50 * 401120 =16.67

DETERMINING CHI SQUARE
OF EF (OF-EF) (OF-EF)2 (OF-EF)2/EF
40 46.67    -6.67 44.49 0.9533
30 23.33     6.67 44.49 1.907
40 33.33     6.67 44.49 1.335
10 16.67    -6.67   44.49  2.669

-------
CHI SQUARE: 6.864

TWO TABLE DEGREES OF FREEDOM

DF = (r-1)*(c-1)

Where:

r = the number of rows 
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C = the number of columns

Substituting for the above example:

DF = (2-1) * (2-1) =1 degree of freedom

From the Chi Square table the critical value of Chi Square where df=1 at
5% = 3.841. Since 6.864>3.841 we can reject the null hypothesis and so
the difference between our two samples is more than that possible
through chance. In the above case of a small 2*2 sample the Yate's
correction should be applied for more accurate results.

ASSUMPTIONS AND LIMITATIONS OF CHI SQUARE

● Individual observations must be independent of each other 
● Chi square must be limited to frequency (or counting) kinds of

data that is, not measurements 
● The sum of the expected frequencies must equal the sum of the

actual frequencies 
● With 1 degree of freedom (2*2 table) no expected frequency

should be less than 5 unless Yate's correction is applied.

4


