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X2 (chi square) as goodness of
fit test
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e this term commonly used to refer to Pearson’s
chi-square, its also known as the goodness of fit
test

e allows you to determine if what you observe in a
distribution of frequencies would be what you
would expect to occur by chance

e nominal data (categories)

e one-sample (1 dimension) and two-sample (2
dimensions)

X2test :
Developed 1900 Karl Pearson 1857-1936
1 sample test :

e Research question: are wheat growing farms
located with respect to soil type? That is, is
wheat grown in particular soil-type areas?

e 1) take a random sample of 100 wheat farms
and determine the soil types underlying the
farms

e 2) there are 4 ‘classes’ of soil type

I
Soil class
clay |sand loam |limestone
frequency
of wheat 30 |30 30 10 =100
farms

this is the ‘observed’ distribution of wheat farms

3) under a null hypothesis what would be our ‘expected’
distribution?

the rationale for the test is that you can compute what
you would expect by chance

e you can do this by dividing the total number of
occurrences by the number of classes

e so in this case 100/4 = 25 per class

e next we look at how different what we have
versus what we expect

Soil class
‘Expected’ clay |sand |loam |limestone
land under
soil type
25 25 25 25 ¥=100




e formula to calculate chi-square

e where O, = observed value in category |
o E;= expected value in category |

e k= number of categories

e X2= chi square statistic

, k Oi_Ei2
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e Now that we have data let’s do the test: there are 7
steps
e 1) state the null and alternate hypothesis
o the null in this case is that there is no difference in the
proportion of occurrences in each category: Hy: P, =P, =
P3
e here the percentages of the cases are equal but
they needn’t be as you’ll see
e the number of categories can be as many as you

want as long as the categories are mutually
exclusive

e the alternate hypothesis is: H; P'#P2#P3

e 2) set the level of significance (or type | error): a
e typically in geography a =.05 or a =.01

e 3) select the appropriate test statistic

o any test between frequencies of mutually
exclusive categories requires chi square

e 4) computation of the
test statistic

category oobsen/ed Expected dDifference (0-E)? (0-E)Y/E
clay 30 25 5 25 1
sand 30 25 |5 25 1
loam 30 25 |5 25 1
limestone 10 25 |15 225 9
Total 12

e 5) determine the value needed for rejection of

the null hypothesis

o to do this we need the degrees of freedom: here
itsk-10r3

« using this and the value you picked for a you go
to the chi square table

o with df=3 and a=.05 the critical value=7.815

o be sure to practice finding values from the table
on your own

e 6) compare the calculated value versus the critical
value

e calculated = 12, critical = 7.815 so calculated is
greater than the critical

e 7) decision time
« if the calculated value is greater than the critical value then

the null hypothesis can’t be accepted

so what does x%(3) = 12, 0=.05 mean?

x2is the test statistic

3 is the degrees of freedom
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o 12is the calculated value




o a=.05 the probability is less than or equal to 5%
on any one test of the null hypothesis that the
frequency of farms is equally distributed across all
categories
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e there are cases where you might not want to use
the number of occurrences/number of categories
as you expected value

o if you have some other way of determining what
the expected values might be, you can use that

for example: in our case we could use the
proportions of different soil types in our study
region as our expected values

e this is where the geography in a research
question is important

the distribution of land in each soil type is shown
next

class

clay sand loam limestone
actual %
of land _
under 30 40 20 10 =100
soil type

e 1) our null hypothesis is that:

e Hj: soil type has no influence on wheat farm
location

e if H, was true, then we would expect the
observed number of wheat farms to be roughly
equal to/proportional to actual % of land under
particular soil types




observed

30 |40 20 10

Expected 30 |40 20 10

what we found was

observed

30 |30 30 10

Expected 30 |40 20 10
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are these differences significant or could they
have occurred due to random sampling
differences?

Our alternate is H,: Soil type has an influence on
wheat farm location

2) Set significance level at 95% confidence or
a=0.05

3) use the chi square statistic since we have
nominal data with frequencies or proportions

, k Oi_Ei2
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df=k-1=4-1=3

« df - means that given the total frequency, once the
frequencies are known for all but one of the categories, the
frequency in the final category is determined

X2(3) (a=0.05) = 7.815 same as in previous problem
if O, and E; were equal then x?=0
x2 increases as differences increase

7.815 defines value of x2 where top 5% distribution
starts with df=3

in this case x?=7.5

e 6) To reject H: calculated value must exceed the

critical value

o E D _EY2 _EY2
category |observed | expected | difference (0-B) (O-E)Y/E
clay 30 30 0 0 0
sand 30 40 10 100 2.5
loam 30 20 10 100 5.0
limestone 10 10 0 0 0
Total 7.5
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e we cannot reject Hy: cannot say that we would

expect the value 7.5 to occur > 95 out of 100

if Hy is correct, the probability of 7.5 occurring is
> 0=0.05
therefore farming is not related to soil type

rules of thumb

1) if the number of categories is greater than 2, no
more than 1/5 of the expected frequencies should
be less than 5 and none should be 0

2) if the number of categories is 2, both the
expected and observed frequencies should be 5 or
larger

if this isn’t met, there is Yate’s correction that makes
chi-square more conservative - that is more difficult
to show significant difference




« also known as continuity correction

these illustrate an important restriction on x? in that
for many categories there should not be small
frequencies

also the data must be in frequencies, x? will give
false results if used on proportions or percentages
of occurrences in categories

e this last example illustrates a case where you can

use external information for choosing your expected
values

e this can be extended to cases where you can
generate the expected values by referring to a
distribution to obtain your expected values

e an example is using the poisson distribution to
generate your expected values

e an alternative test for this purpose is the
Kolmogorov-Smirnov test (k-s test)

Geographic examples

DObserved Frequency Counts: Number of
Interprovincial Migrants to
British Columbia, Canada, 1991

HNumber of migrants o

Pravines of arigin British Calumbia, 1991
Newfoundtand 11
Prince Edward Island 4
Newa Scotia 25
New Brunswick 14
Quebec 50
Ontario 236
Mariloba 73
Saskatchewan 65
Albarta 07
Yukon Terrilery 10
Morthwest Terrftories 8
Total 803

Geographic models :

e Population model
o This model predicts that the
expected number of migrants
into British Columbia is E
directly proportional to the
origin provinces’ populations
Where E;= expected number
of migrants into BC from
province | to BC, province j

ij

Pop;= population of province
i

e Distance model

» This model predicts that 1
the expected number of Eij =7
migrants into BC is D.

inversely proportional to

the square of the

distances between each

origin province and BC
Where D;2 = squared
distance from origin | to
BC

e Simplified Gravity
model or composite

model Pop
» This model predicts that E _ 1

the number of migrants is ij - 2
distance and population D|J

a function of both
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of Hot by Spatial Madel: Migration ta
British Columbia, 1901
Chi-agquan differences, not explained by model
Province of origin “Population” model “Distance” model “Compasita” model
Hewloundtard 337 112 031
Privce Edward lsland 000 533 200
Nowa Scots 083 14,08 078
Now Brurwick 417 0.00 132
Custec 41,82 56.89 48.00
Ofearia 3027 220118 mis
Manicta 3508 188 20
Sasknichawan 31.08 a7 47
Abarin 57881 320 4148
Yk Fosriory B1.00 72 1245
Nerthwost Tomiorgs. 18.00 8268 »m
Tetal L] 244373 18387

Weaknesses

e X2is an absolute measure, the expected
values either are or are not statistically
different
o There is no measure of how well the model fits
o To deal with this we need to use a different

approach — PRE (Proportional reduction of error)
o If the sample size is large we almost always reject
HO




