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Two Categorical Variables: 
The Chi-Square Test

The Chi-Square Test

Minitab does a (2 test XE "(2 test"  of the null hypothesis that there is “no relationship” between the column variable and the row variable in a two-way table XE "two-way table" .   Example 23.1 of BPS looks at the health care system in the United States and Canada.  The study looked at outcomes a year after a heart attack.  One outcome was the patients’ own assessment of their quality of life relative to what it had been before the heart attack. The data for the patients who survived a year are in EX23-01.MTW.  To obtain tables of counts and/or percents, select

Stat ( Tables ( Cross Tabulation XE "Cross Tabulation"  and Chi-Square XE "Chi-Square" 
from the menu.  In the dialog box enter the variables containing the categories that define the rows and column of the table, as shown on the following page.   Click OK to obtain the following summary data.

Tabulated statistics: QualityOfLife, Country 

Rows: QualityOfLife   Columns: Country

                  Canada  UnitedStates   All

AboutTheSame          96           779   875

MuchBetter            75           541   616

MuchWorse             19            65    84

SomewhatBetter        71           498   569

SomewhatWorse         50           282   332

All                  311          2165  2476

Cell Contents:      Count
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To perform a chi-square test of association between variables, click on the Chi-Square button and select Chi-Square analysis in the subdialog box.  You may also select ‘Expected cell counts’ to obtain the following output.
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Tabulated statistics: QualityOfLife, Country 

Rows: QualityOfLife   Columns: Country

                  Canada  UnitedStates     All

AboutTheSame          96           779     875

                   109.9         765.1   875.0

MuchBetter            75           541     616

                    77.4         538.6   616.0

MuchWorse             19            65      84

                    10.6          73.4    84.0

SomewhatBetter        71           498     569

                    71.5         497.5   569.0

SomewhatWorse         50           282     332

                    41.7         290.3   332.0

All                  311          2165    2476

                   311.0        2165.0  2476.0

Cell Contents:      Count

                    Expected count

Pearson Chi-Square = 11.725, DF = 4, P-Value = 0.020

Likelihood Ratio Chi-Square = 10.435, DF = 4, P-Value = 0.034

Minitab provides the (2 statistic, the number of degrees of freedom, XE "degrees of freedom"  and the P-value XE "P-value" .  The number of degrees of freedom for the (2 statistic XE "(2 statistic"  is equal to 

  The Minitab outputs shows that the (2  value is equal to 11.725, the degrees of freedom is equal to 4, and the P-value is equal to 0.02.   There is a statistically significant relationship between patients’ assessment of their quality of life and the country where they are treated for a heart attack.
Sometimes instead of raw data only summary data are available.  Minitab can perform a chi-square test XE "chi-square test"  if the data are entered into a worksheet as shown below.
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To perform a Chi-square test XE "Chi-square test"  for data in this format, select Stat ( Tables ( Chi-Square Test (Table in Worksheet) from the menu.   Enter the columns containing the table and click OK.  The columns must contain integer values.  The results are the same as those on the previous page except that the rows are ordered by number instead of alphabetically as on the previous page.
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The Chi-Square Test for Goodness of Fit XE "Goodness of Fit" 
The chi-square test can also be used to test that a categorical variable has a specified distribution.  Example 23.9 in BPS considers the question of whether or not births are equally likely on all days of the week.   The null hypothesis says that the probabilities are the same on all days. That is, 
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The alternative hypothesis is that they are not equally likely.  A sample of birth records shows the following distribution.

	Day
	Sun.
	Mon.
	Tue.
	Wed.
	Thu.
	Fri.
	Sat.

	Births
	13
	23
	24
	20
	27
	18
	15


Since there were a total of 140 births, under the null hypothesis 20 births per day would be expected.  Enter the number of births and (if desired) the days of the week into a Minitab worksheet.  To see if these data give significant evidence that local births are not equally likely on all days of the week, select Stat ( Tables ( Chi-Square XE "Chi-Square"  Goodness-of-Fit Test XE "Goodness-of-Fit Test"  from the menu.  Enter the column with the number of births and if desired the column with the days of the week.  You may click on the Graphs button to select Graphs that you want.  Finally, click OK to let Minitab calculate the (2 statistic and the P-value. 

[image: image7.png]Chi-Square Goodness-of Fit Test

@ Observed countsi)

Category names (optional) :

 Categoricaldata:
Test
 Equalproportins
€ specfic proportions
" proportons specified by historical counts





Chi-Square Goodness-of-Fit Test for Observed Counts in Variable: Births 

                          Test            Contribution

Category  Observed  Proportion  Expected     to Chi-Sq

1               13    0.142857        20          2.45

2               23    0.142857        20          0.45

3               24    0.142857        20          0.80

4               20    0.142857        20          0.00

5               27    0.142857        20          2.45

6               18    0.142857        20          0.20

7               15    0.142857        20          1.25

  N  DF  Chi-Sq  P-Value

140   6     7.6    0.269

  The the (2 value is 7.6 with 6 df and the P-value is 0.269, a large value.  These 140 births do not give convincing evidence that births are not equally likely on all days of the week.

EXERCISES

23.1
Smoking is now more common in much of Europe than in the United States.  In the United States, there is a strong relationship between education and smoking: well-educated people are less likely to smoke.  Does a similar relationship hold in France?  Here and in EX23-01.MTW are data giving the level of education and smoking status (nonsmoker, former smoker, moderate smoker, heavy smoker) of a sample of 459 French men aged 20 to 60 years.  Consider them to be an SRS of men from their region of France.   Select Stat ( Tables ( Cross Tabulation and Chi-Square from the menu to answer the following questions.

	
	Smoking Status

	Education
	Nonsmoker
	Former
	Moderate
	Heavy

	Primary school
	56
	54
	41
	36

	Secondary school
	37
	43
	27
	32

	University
	53
	28
	36
	16


(a) 
What percent of men with a primary school education are nonsmokers?  Former smokers?  Moderate smokers?  Heavy smokers?  These percents should add to 100% (up to roundoff error).  They form the conditional distribution of smoking given a primary education.

(b)
In a similar way, find the conditional distributions of smoking among men with a secondary education and among men with a university education.

(c) 
Compare the three distributions.  Is there any clear relationship between education and smoking?

(d)
We conjecture that men with a university education smoke less than the null hypothesis calls for.  Does comparing the observed and expected counts in this row agree with this conjecture?

23.11 
A study of the career plans of young women and men sent questionnaires to all 722 members of the senior class in the College of Business Administration at the University of Illinois.  One question asked which major within the business program the student had chosen.  Here are the data from the students who responded:

	
	Female
	Male

	Accounting
	68
	56

	Administration
	91
	40

	Economics
	5
	6

	Finance
	61
	59


 (a) 
Enter the data into a worksheet and select Stat ( Tables ( Chi-Square Test (Table in Worksheet) to test the null hypothesis that there is no relation between the gender of students and their choice of major.  Give a P-value and state your conclusion.

(b) 
Describe the differences between the distributions of majors for women and men with percents, with a graph, and in words.

(c) 
Which two cells have the largest terms in the sum that makes up the chi-square statistic?  How do the observed and expected counts differ in these cells?  (This should strengthen your conclusions in (b).)

(d) 
What percent of the students did not respond to the questionnaire?  The nonresponse weakens conclusions drawn from these data.

23.16 Births really are not evenly distributed across the days of the week.  The data in Example 23.7 failed to reject this null hypothesis because of random variation in a quite small number of births.  Here are data on 700 births in the same locale:

	Day
	Sun.
	Mon.
	Tue.
	Wed.
	Thu.
	Fri.
	Sat.

	Births
	84
	110
	124
	104
	94
	112
	72


(a) 
The null hypothesis is that all days are equally probable.  What are the probabilities specified by this null hypothesis?  What are the expected counts for each day in 700 births?

(b) 
Enter the observed and expected counts into a Minitab worksheet.  Select Calc ( Calculator to calculate the chi-square statistic for goodness of fit.

(c) 
What are the degrees of freedom for this statistic?  Select Calc ( Probability Distributions ( Chi-Square from the menu to see if the 700 births give significant evidence that births are not equally probable on all days of the week.

23.18
The University of Chicago's General Social Survey (GSS) is the nation's most important social science sample survey.  For reasons known only to social scientists, the GSS regularly asks its subjects their astrological sign. Here are the counts of responses in the most recent year this question was asked:
	Sign
	Aries
	Taurus
	Gemini
	Cancer
	Leo
	Virgo

	Count
	225
	222
	241
	240
	260
	250

	Sign
	Libra
	Scorpio
	Sagittarius
	Capricorn
	Aquarius
	Pisces

	Count
	243
	214
	200
	216
	224
	244



If births are spread uniformly across the year, we expect all 12 signs to be equally likely.
Enter the observed and expected counts into a Minitab worksheet.  Select Calc ( Calculator to calculate the chi-square statistic for goodness of fit.  What are the degrees of freedom for this statistic?  Select Calc ( Probability Distributions ( Chi-Square from the menu to see if the births are spread uniformly across the year.
23.30 
A large study of child care used samples from the data tapes of the Current Population Survey over a period of several years.  The result is close to an SRS of child-care workers.  The Current Population Survey has three classes of child-care workers: private household, nonhousehold, and preschool teacher.  Here are data on the number of blacks among women workers in these three classes: 
	
	Total
	Black

	Household
	2455
	172

	Nonhousehold
	1191
	167

	Teachers
	659
	86


(a) 
Enter the data into a worksheet.  Select Calc ( Calculator to find the percent of each class of child-care workers that is black.

(b) 
Use the calculator to make a two-way table of class of worker by race (black or other).

(c) 
Can we safely use the chi-square test?  What null and alternative hypotheses does (2 test?

(d) 
Select Stat ( Tables ( Chi-Square Test (Table in Worksheet) to calculate the chi-square statistic (2, the degrees of freedom, and the P-value for this table.

(e) 
What do you conclude from these data?

23.37 You think there should be a law that would ban possession of handguns except for the police and other authorized persons?” Exercise I.14 of BPS and EX23-20.MTW give these data on the responses of a random sample of adults, broken down by level of education:

	Education
	Yes
	No

	Less than high school 
	  58
	  58

	High school graduate 
	  84
	129

	Some college 
	169
	294

	College graduate 
	  98
	135

	Postgraduate degree 
	  77
	  99



Select Stat ( Tables ( Chi-Square (Table in Worksheet) from the menu to carry out a chi-square test, giving the statistic (2 and its P-value.  How strong is the evidence that people with different levels of education feel differently about banning private possession of handguns?

23.41 Exercise I.13 of BPS and EX23-25.MTW give these data on the responses of random samples of black, Hispanic and white parents to the question “Are the high schools in your state doing an excellent, good, fair or poor job, or don’t you know enough to say?”

	
	Black

parents
	Hispanic

parents
	White parents

	Excellent
	12
	34
	22

	Good
	69
	55
	81

	Fair
	75
	61
	60

	Poor
	24
	24
	24

	Don’t know
	22
	28
	14

	Total
	202
	202
	201


Select Stat ( Tables ( Chi-Square (Table in Worksheet) from the menu to see if the differences in the distributions of responses for the three groups of parents are statistically significant.  What departures from the null hypothesis “no relationship between group and response” contribute most to the value of the chi-square statistic?  Write a brief conclusion based on your analysis.

23.42
Cancer of the colon and rectum is less common in the Mediterranean region than in other Western countries.  The Mediterranean diet contains little animal fat and lots of olive oil.  Italian researchers compared 1953 patients with colon or rectal cancer with a control group of 4154 patients admitted to the same hospitals for unrelated reasons.  They estimated consumption of various foods from a detailed interview, then divided the patients into three groups according to their consumption of olive oil.  Here and in EX23-28.MTW are some of the data:

	
	Low
	Olive Oil

Medium
	High
	Total

	Colon cancer
	398
	397
	430
	1225

	Rectal cancer
	250
	241
	237
	728

	Controls
	1368
	1377
	1409
	4154


(a) 
Is this study an experiment?  Explain your answer.

(b) 
Is high olive oil consumption more common among patients without cancer than in patients with colon cancer or rectal cancer?

(c) 
Select Stat ( Tables ( Chi-Square (Table in Worksheet) from the menu to find the chi-square statistic (2.  What would be the mean of (2 if the null hypothesis (no relationship) were true?  What does comparing the observed value of (2 with this mean suggest?  What is the P-value?  What do you conclude?

(d) 
The investigators report that “less than 4% of cases or controls refused to participate.” Why does this fact strengthen our confidence in the results?
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