
Chapter 19: Chi-Square

Categorical variable: records which group or category an
individual/observation belongs in; it classifies (e.g., female or male)

Quantitative variable: a true numerical value; it indicates an 
amount; often obtained from a measuring instrument (e.g., weight in pounds)
In all hypothesis tests so far, the DV (or outcome variable) was

quantitative, & in some cases, the IV (or explanatory variable) was also quantitative
But what if both the IV & DV are categorical?
Chi-square test (χ2): a statistical procedure used to analyze 

categorical data
We will explore two different types of χ2 tests:

1.  One categorical variable: Goodness-of-fit test


2.  Two categorical variables: Contingency table analysis
One categorical variable: Goodness-of-fit test
Suppose you are interested in investigating if there is a bias 

toward attractive individuals
50 Ps come into the lab & complete a simple questionnaire

Once done, they are instructed to turn in their questionnaire to

either of the two experimenters

--One is above average & one is average in attractiveness

If there is no bias, we would expect ½ of the Ps (25) to turn in

their questionnaire to the average-looking experimenter & ½ (25) to turn in their questionnaire to the above-average looking experimenter
Here are the data:


	
	Average-looking
	Above average-looking

	Observed
	12
	38

	Expected
	25
	25


More people gave their questionnaire to the above average-looking 

experimenter than expected

Is the deviation from expectations just due to chance?
Or is the deviation so extreme that we believe there must be 

a systematic attractiveness bias?
The χ2 goodness-of-fit test can answer this question!!
Goodness-of-fit Test: Hypothesis Testing

Defined: “A test for comparing observed frequencies with 
theoretically predicted frequencies”

H0: the observed frequencies will = the expected frequencies
H1: the observed frequencies will ≠ the expected frequencies

Calculated:
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Where:

O: the observed freq in each category






E: the expected freq in each category
	
	Average-looking
	Above average-looking

	Observed
	12
	38

	Expected
	25
	25
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As with any hypothesis test, we need to compare our obtained test 

statistic to a critical value
We need a new distribution to do this: the χ2 distribution

The χ2 distribution:

--A family of distributions, based on different df

--Positively skewed (though degree of skew varies with df)

--See Table E.1 for CV’s
--CV’s all in upper tail of distribution

--When H0 is true, each observed freq. equals the corresponding 
expected freq., and is zero  

Degrees of Freedom:
The goodness-of-fit test has k – 1 df 

(where k = the # of categories)

In the current example, k = 2

thus df = 2 – 1 = 1
If the calculated χ2 equals or exceeds the CV, then we reject H0
If the calculated χ2 does NOT equal or exceed the CV, then we fail 

to reject H0
From Table E.1, the CV for df = 1 and α = .05 is 3.84
Our obtained χ2 of 13.52 exceeds this value.  We reject H0.
Our conclusion:

“The two experimenters were not given completed questionnaires with equal frequency.  Participants gave their completed questionnaire to the attractive experimenter at greater than expected levels, χ2(1, N = 50) = 13.52, p ≤ .05.”


Extensions
Goodness-of-fit tests can be used when one has more than 2 categories

Also, goodness-of-fit tests can be used when you expect something other than equal frequencies in groups

The next example will combine both of these two extensions

Suppose you know that in the US, 50% of the population has brown/black hair, 40% has blonde hair, and 10% has red hair
You want to see if this is true in Europe too: you sample 80 

Europeans and record their hair color


	
	Black/Brown
	Blonde
	Red

	Observed
	38
	36
	6

	Expected
	40
	32
	8



H0: the observed frequencies will = the expected frequencies

H1: the observed frequencies will ≠ the expected frequencies
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df = 3 – 1 = 2
CV (from Table E.1, using α = .05 and df = 2) = 5.99

Our obtained χ2 of 1.1 does not equal or exceed this value.  We fail 

to reject H0.
Our conclusion:

“The distribution of hair color in Europe is not different than the distribution of hair color in the US, χ2(2, N = 80) = 1.1, p > .05.”
Two categorical variables: Contingency table analysis 

Defined: a statistical procedure to determine if the distribution of

one categorical variable is contingent on a second categorical variable

--Allows us to see if two categorical variables are independent 

from one another or are related

--Conceptually, it allows us to determine if two categorical variables are correlated

Contingency Table Analysis: An Example

Some Clinical Psychologists believe that there may be a

relationship between personality type & vulnerability to heart attack.  Specifically, they believe that TYPE A personality individuals might suffer more heart attacks than TYPE B personality individuals.  

We select 80 individuals at random & give them a personality test 
to determine if they are Type A or B.  Then, we record how many Type A’s & how many Type B’s have & have not had heart attacks.  
We have 2 categorical variables:  Personality type (A or B) & heart
attack status (has had a heart attack or has not had a heart attack).

We can display the observed frequencies in a contingency table:










Personality Type

	Heart Attack Status
	Type A
	Type B

	Heart Attack
	O=25
	O=10

	No Heart Attack
	O=5
	O=40


Performing Hypothesis Testing 

In this test, H0 claims that the 2 variables are independent in the 
population.  H1 claims that the 2 variables are dependent in the population.  Thus, you simply write:

H0: Personality type & heart attack status are independent in the

population

H1 : Personality type & heart attack status are dependent in

the population

Before we can compute we first need to find the expected

frequencies in each of our category cells 

The expected frequencies (E) are the frequencies we’d expect if the

null hypothesis was true (that the 2 variables are independent)
To find E, lay out your data in a contingency table & find the row, 

column, & grand totals, as shown below:  








Personality Type









A


B

Row total




Heart Attack

fo=25

fo=10
35

Heart Attack

     Status

No Heart Attack
fo=5


fo=40
45






Column total 30


50

Grand total=80

To calculate the E for a particular “cell” in the table use:
E = (cell’s column total)(cell’s row total) / N









Personality Type









A


B

Row total




Heart Attack

O=25

O=10
35

Heart Attack







     Status

No Heart Attack
O=5


O=40
45






Column total 30


50

Grand total=80
E: type A and heart attack: 

(30)(35)/80 = 13.125

E: type A and no heart attack: 
(30)(45)/80 =16.875

E: type B and heart attack: 

(50)(35)/80 = 21.875

E: type B and no heart attack: 
(50)(45)/80 = 28.125

Let’s put this information in our table:









Personality Type









A


B


Row total




Heart Attack

O=25

O=10

35

Heart Attack




E=13.125
E=21.875

     Status

No Heart Attack
O=5


O=40

45









E=16.875
E=28.125





Column total 
30


50

grand total=80
If the null hypothesis is true and the two variables are independent,

then the frequencies we observe should equal the expected frequencies.

Computing the Chi-Square Statistic:

Chi-square is obtained via:
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The degrees of freedom for this test are:

df = (number of rows –1)(number of columns –1)

Let’s compute the chi-square statistic and the df for our example:









Personality Type









A


B


Row total




Heart Attack

O=25

O=10

35

Heart Attack




E=13.125
E=21.875

     Status

No Heart Attack
O=5


O=40

45









E=16.875
E=28.125





Column total 
30


50

grand total=80
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We have 2 rows and 2 columns, thus our df are: (2-1)(2-1) =1

Now that we have our test statistic, we need to compare it to some

critical value. We need a critical 2 that we find from a 2 distribution.

Referring to Table E.1, using 1 df & α = .05, CV = 3.84

Our obtained χ2 of 30.56 exceeds this value.  Thus we reject H0
Now, we report our findings/conclusions:

“Whether one has a heart attack or not is partly determined by whether that individual has a Type A or Type B personality, χ2(1, N = 80) = 30.56, p ≤ .05.”
Assumptions of the Chi-square Test:

(1) The explanatory variable is categorical with two or more categories
(2) The response variable is the frequency of participants falling into each category
(3) Each participant’s response is recorded only once and can 
appear in only one category
Special Consideration:

If the expected frequencies in the cells are “too small,” the χ2 test
may not be valid
A conservative rule is that you should have expected frequencies 

of at least 5 in all your cells 

Experimenter to Whom the Questionnaire was Given





You do NOT italicize the χ2





Report the df, followed by the sample size. The “N” and the “p” are in italics





Hair Color





50% of the sample





40% of the sample





10% of the sample
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