
The Chi-Squared Test 
 
Introduction: As you may have noticed – those of you who are still somewhat awake – we did talk about 
categorical variables at the beginning of the year. The question, however, as to what we can do with 
categorical data, especially in the social sciences, where so many of the data are of that nature.  It is 
precisely for these kinds of “qualitative” data that the chi-squared (χ2) analysis comes in handy. 
     Conceptually, I hope that it is clear that when we have categorical data, the whole set of statistics 
dealing with means, medians, standard deviations, and all tests based upon these measurements are 
useless.  What is useful here are those underlying concepts and theories of pure probability and 
randomness.  Translated into more mundane concepts, we end up with the notion of what is expected 
according to probability theory, as compared to what is observed.  At its simplest, we say that when there 
is a great difference between what is expected and what is observed, then we are surprised, and think that 
maybe something other than chance is operating.  When, on the other hand, the observed data are close to 
what we expect, we are not impressed. 
     Indeed, all χ2 really represents is a measure of the difference between what is expected and what 
is observed. 
 
EXAMPLE: A researcher was interested in finding out whether a child’s birth order was related to that 
child’s chances of becoming delinquent.  In order to study this question, the researcher asked 1154 high 
school girls to fill out a questionnaire that measured the degree to which they showed delinquent 
behavior.  Each girl was also asked to indicate whether she was a)the oldest child in her family, b)in 
between, c)the youngest child in her family, or d)an only child.  the results are recorded in the two-way 
table below.     (from Travers, Stout, Swift, Sextro page 375) 
 

Delinquent 
Birth Order Yes No TOTAL 

Oldest 24 450  
In between 29 312  
Youngest 35 211  
Only child 23 70  
TOTAL    

 
Ho: There is no relationship between birth order and juvenile delinquency. 
Ha: There is a relationship between birth order and juvenile delinquency. 
 
The null hypothesis ALWAYS deals with the idea that there is not a relationship or there is no difference 
between the expected and the observed. We cannot say how the two are related using the χ2 test, only that 
they are related. 
          row total x column total 
Expected count =                    n 
 

Expected Count 
Delinquent 

Birth Order Yes No TOTAL 
Oldest    

In between    
Youngest    
Only child    
TOTAL    



Conditions: The data must be categorical (or counts) data. It is. 
         Random selection of subjects would be great….but we don’t know if we have it. 
         All expected counts must be ≥ 5.  They are from our table above. Expected counts must be 
                       shown very much like graphs must be drawn. This condition is similar to the np ≥ 10 for 
                       proportions (after all, both tests deal with categorical data). 
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You remember, no doubt, the concept of degrees of freedom; just as with the t-test, we are dealing with a 
distribution that is very much influenced by the degrees of freedom to determine exactly which curve we 
are using as a model.  But in this case we are not interested in sample size but the number of categories. 
 
df = (r ─ 1)(c ─ 1), where r = the number of row categories and c = the number of column categories 
 
χ2 is a funny distribution.  It is not at all normal, but very skews to the right; also, since it is squared, it can 
not be a negative number, and therefore, impossible to talk of one or two-tailed tests. 
 
Use the chi-squared table to find the critical value (if ya want) and the probability (P-value). 
 
p-value =  
 
Conclusion:  
 
 
 
(Now ask me about the calculator!) 
 
EXAMPLE 2: A biologist randomly selects 112 fruit flies.  He checks eye color and wing type. The 
results listed below are expected to be in the ratio 9:3:3:1.  Do these fruit flies differ from what we would 
expect? 
                  number     eye color     wing type 
     57             red            normal 
                        24             red            vestigial 
                        19             sepia          normal 
                        12             sepia          vestigial 
 
 
 
EXAMPLE 3: An article about the California lottery that appeared in the San Luis Obispo Tribune gave 
the following information on the age distribution of adults in California.  35% are between 18 and 34 
years old, 51% between 35 and 64 years old, and 14% are 65 years old or older. The article also gave 
information on the age distribution of those who purchased lottery tickets similar to those listed below.  
Suppose the data resulted from a random sample of 200 lottery ticket purchasers. Is it reasonable to 
conclude that some age groups buy a disproportionate share of lottery tickets? (from  POD pg 645) 

 
Lottery purchases: 18-34 yr olds: 36             35-64 yr olds: 130              65 and over: 34  


