Contingency Test, or Chi-Square Test

Used to determine if there is association between nominal and ordinal scaled variables.

Our first test of association!

Based on two principles: 

Marginal probability: MPr[x]: the probability of a single event happening

MPr[x] =  # of times event happened 


     # of opportunities for event

Joint probability: JPr[x,y]: the probability of seeing two independent events happening at the same time.

JPr[x,y] =  MPr[x] * MPr[y]

The logic of the chi-square test is to compare a set of actual conditions or data to an expected set of data that we would expect to see by chance.

We do this by creating cross-tab tables, which are simply descriptive tables of our actual and expected values.

We then plug our results into the chi-square calculation, and compare our results to the chi-square distribution, as with the other tests we’ve covered.

Example: Is the condition of local hospitals determined by the growth or decline in community population?

 Independent variable? growth/decline of population

Dependent variable? Condition of hospital    

Growth/decline(Hospital condition

Actual data: 

	Hospital Condition
	Community Pop. Increase 1980-2000
	Community Pop. Decrease 1980-2000
	Total
	Marginal Probability of a condition

	Need of Major Repair
	10
	50
	60
	MPr[MR]=60/200=.3

	Need of Minor Repair
	10
	30
	40
	MPr[MiR]=40/200=.2

	Adequate Facilities
	80
	20
	100
	MPr[A]=100/200=.5

	Total


	100
	100
	200
	

	Marginal Probability of community
	MPr[PI]=100/200=.5
	MPr[PD]=100/200=.5
	
	


  Expected Table, if community growth does NOT affect hospital condition:

	Hospital Condition
	Community Pop. Increase 1980-2000
	Community Pop. Decrease 1980-2000
	Total

	Need of Major Repair
	30 = JPr[MR,PI] =

MPr[MR]*MPr[PI] =

.3 * .5=.15(200 hospitals)= 30
	30 = JPr[MR,PD]

MPr[MR]*MPr[PD]

.3 * .5=.15(200 hospitals)= 30
	60

	Need of Minor Repair
	20
	20

MPr[MiR]*MPr[PD]

.2 * .5=.10(200 hospitals)=20
	40

	Adequate Facilities
	50
	50

MPr[A]*MPr[PD]

.5 * .5=.25(200 hospitals)=50
	100

	Total


	100
	100
	200


Assumptions: Expected table is a representative sample. And community characteristics has no relationship to hospital condition.

Testable Hypotheses:

Ho: Aith row jth column = Eij  (actual = expected, and thus independent does not affect dependent)

Ha: Aij ≠ Eij
Calculate test statistic:
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  = (50-30)/30 + (10-30)/30 + (30-20)/20 + … ≈ 73

Determine rejection region: 

d.f. = (# rows-1)(# columns-1)         in this case (3-1)(2-1) = 2… 

One tail, positive, always, due to squaring in test statistic

For alpha=.10
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.1,2  =  4.605

Ho is thus rejected, independent variable (growth of community) does not affect the dependent variable (condition of hospital).

Notes:

Don’t want to use chi-squared for small expected table values, so do cross tab test:

Cross tab test: Cannot have more than 20% of expected cells with values ≤ 5, and no cells can have value ≤ 3.

If it fails the test, you can do three things:

1. Go to original cross tab table and combine rows or columns

2.  Eliminate a column or row (bad news, losing that data)

3. Increase your sample size

Generally, Chi-square is for nominal data only. BUT it gets used inappropriately all the time. There is a loss of raw data going from ratio to ordinal.

Also note that chi-squared is a weak tool. It’s common because it’s one of the few tools to examine nominal/ordinal data. But it only tells you if an effect exists. It does not tell you the amount or direction of the effect.
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