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Chapter 9

Bivariate Tables

One of the main objectives of social science is to make sense out of human and social 
experience by uncovering regular patterns among events. Therefore, the language of rela-
tionships is at the heart of social science inquiry. Consider the following examples from 

articles and research reports:
Example 1: Americans 50 years and older are more likely to oppose creating a path to citizen-

ship for illegal immigrants than are younger Americans.1 (This example indicates a relationship 
between age and immigration reform.)

Example 2: Contrary to the stereotype, whites use government safety net programs more than blacks 
or Latinos, and they are more likely than minorities to be lifted out of poverty by the taxpayer money 
that they get.2 (This example indicates a relationship between race and receipt of government aid.)

In each of these examples, a relationship means that certain values of one variable tend to “go 
together” with certain values of the other variable. In Example 1, age “goes together” with immigration 

�� Constructing a bivariate table

�� Dealing with ambiguous relationships between variables

�� Determining the properties of a bivariate relationship: existence, strength, and direction

�� Understanding how to elaborate the relationship between variables: nonspurious-
ness, intervening, and conditional relationships

�� Understanding hypothesis testing and statistical independence with chi-square

�� Recognizing the limitations of the chi-square test—sample size and statistical 
significance

�� Understanding the concept of PRE (proportional reduction of error) and how to 
interpret measures of association

�� Calculating and interpreting lambda, gamma, and Kendall’s tau-b 

�� Interpreting Cramer’s V: a chi-square–related measure of association

Chapter Learning Objectives
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reform and being younger is associated with support of a path to citizenship. In Example 2, being white 
“goes together” with frequent use of government aid and being black or Latino goes with less frequent 
use of government aid. 

In this chapter, we introduce one of the most common techniques used in the analysis of rela-
tionships between two variables: cross-tabulation. Cross-tabulation is a technique for analyzing 
the relationship between two variables that have been organized in a table. A cross-tabulation is 
a type of bivariate analysis, a method designed to detect and describe the relationship between 
two nominal or ordinal variables. We demonstrate not only how to detect whether two variables 
are associated but also how to determine the strength of the association and, when appropriate, 
its direction. We have already applied bivariate analysis in Chapter 8, using t tests and Z tests to 
determine the difference between two means or proportions.3

Cross-tabulation A technique for analyzing the relationship between two nominal 
or ordinal variables that have been organized in a table.

Bivariate analysis A statistical method designed to detect and describe the relation-
ship between two nominal or ordinal variables.

-- INDEPENDENT AND DEPENDENT VARIABLES

In the social sciences, an important aspect in research design and statistics is the distinction 
between the independent variable and the dependent variable. These terms, first introduced in 
Chapter 1, are used throughout this chapter as well as in the following chapters, and therefore, it is 
important that you understand the distinction between them.

In each of the illustrations given, there are two variables: an independent and a dependent 
variable. In Example 1, the purpose of the research is to explain support for immigration reform 
laws. One of the variables hypothesized as being connected to support for immigration reform is 
age. Therefore, support for immigration reform is the dependent variable, and age is the indepen-
dent variable. In Example 2, the object of the investigation is to examine the common stereotype 
that people of color use government aid more than white Americans. The investigator is trying to 
explain differences in the use of government aid using race as an explanatory variable. Therefore, 
the use of government aid is the dependent variable, and race is the independent variable. 

The statistical techniques discussed in this and the remaining chapters help the researcher 
decide the strength of the relationship between the independent and dependent variables.

For some variables, whether they are the independent or dependent variables depends on the 
research question. If you are still having trouble distinguishing between an independent and a 
dependent variable, go back to Chapter 1 for a detailed discussion.

✓  Learning 
Check
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--  HOW TO CONSTRUCT A BIVARIATE TABLE:  
RACE AND HOME OWNERSHIP

A bivariate table displays the distribution of one variable across the categories of another variable. It 
is obtained by classifying cases based on their joint scores on two nominal or ordinal variables. It can 
be thought of as a series of frequency distributions joined to make one table. The data in Table 9.1 
represent a sample of General Social Survey (GSS) respondents by race and whether they own or rent 
their homes (in this case, both variables are nominal-level measurements).

To make sense of these data, we must first construct the table in which these individual scores 
will be classified. In Table 9.2, the 17 respondents have been classified according to joint scores on 
race and home ownership.

The table has the following features typical of most bivariate tables:

 1. The table’s title is descriptive, identifying its content in terms of the two variables.

Respondent Race Home Ownership

 1 Black Own

 2 Black Own

 3 White Rent

 4 White Rent

 5 White Own

 6 White Own

 7 White Own

 8 Black Rent

 9 Black Rent

10 Black Rent

11 White Own

12 White Own

13 White Rent

14 White Own

15 Black Rent

16 White Own

17 Black Rent

Table 9.1  Race and Home Ownership for 17 GSS Respondents
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 2. It has two dimensions, one for race and one for home ownership. The variable home owner-
ship is represented in the rows of the table, with one row for owners and another for renters. 
The variable race makes up the columns of the table, with one column for each racial group. 
A table may have more columns and more rows, depending on how many categories the 
variables represent. For example, had we included a group of Latinos, there would have been 
three columns (not including the row total column). Usually, the independent variable is the 
column variable and the dependent variable is the row variable.

 3. The intersection of a row and a column is called a cell. For example, the two individuals 
represented in the upper left cell are blacks who are also home owners.

 4. The column and row totals are the frequency distribution for each variable, respectively. The 
column total is the frequency distribution for race, the row total for home ownership. Row 
and column totals are sometimes called marginals. The total number of cases (N) is the 
number reported at the intersection of the row and column totals. (These elements are all 
labeled in the table.)

 5. The table is a 2 × 2 table because it has two rows and two columns (not counting the margin-
als). We usually refer to this as an r × c table, in which r represents the number of rows and 
c the number of columns. Thus, a table in which the row variable has three categories and 
the column variable has two categories would be designated as a 3 × 2 table.

 6. The source of the data should also be clearly noted in a source note to the table. This is con-
sistent with what we reviewed in Chapter 2.

Bivariate table A table that displays the distribution of one variable across the 
categories of another variable.

Table 9.2  Home Ownership by Race (absolute  
frequencies), GSS

Home
Ownership

Race

Black White

Own

Rent

7 17

Column marginals
(column total)

92 7

85 3

10 Total cases (N)

Row marginals
(row total)
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Column variable A variable whose categories are the columns of a bivariate table.

Row variable A variable whose categories are the rows of a bivariate table.

Cell The intersection of a row and a column in a bivariate table.

Marginals The row and column totals in a bivariate table.

Examine Table 9.2. Make sure you can identify all the parts just described and that you under-
stand how the numbers were obtained. Can you identify the independent and dependent vari-
ables in the table? You will need to know this to convert the frequencies to percentages.

✓  Learning 
Check

-- HOW TO COMPUTE PERCENTAGES IN A BIVARIATE TABLE

To compare home ownership status for blacks and whites, we need to convert the raw frequencies 
to percentages because the column totals are not equal. Recall from Chapter 2 that percentages are 
especially useful for comparing two or more groups that differ in size. There are two basic rules for 
computing and analyzing percentages in a bivariate table:

 1. Calculate percentages within each category of the independent variable.

 2. Interpret the table by comparing the percentage point difference for different categories of 
the independent variable.

Calculating Percentages Within Each  
Category of the Independent Variable

The first rule means that we have to calculate percentages within each category of the variable 
that the investigator defines as the independent variable. When the independent variable is arrayed 
in the columns, we compute percentages within each column separately. The frequencies within 
each cell and the row marginals are divided by the total of the column in which they are located, 
and the column totals should sum to 100%. When the independent variable is arrayed in the rows, 
we compute percentages within each row separately. The frequencies within each cell and the 
column marginals are divided by the total of the row in which they are located, and the row totals 
should sum to 100%.

In our example, we are interested in race as the independent variable and in its relationship 
with home ownership. Therefore, we are going to calculate percentages by using the column total of 
each racial group as the base of the percentage. The percentage of black respondents who own their 
homes is obtained by dividing the number of black home owners by the total number of blacks in 
the sample.
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Home Ownership
Race

TotalBlack White
Own 28.6% 70.0% 52.9%
Rent 71.4% 30.0% 47.1%
Total
(N)

100%
(7)

100%
(10)

100%
(17)

Table 9.3  Home Ownership by Race (in percentages)

Table 9.3 presents percentages based on the data in Table 9.2. Notice that the percentages in each 
column add up to 100%, including the total column percentages. Always show the Ns that are used 
to compute the percentages—in this case, the column totals.

Comparing the Percentages Across Different  
Categories of the Independent Variable

The second rule tells us to compare how home ownership varies between blacks and whites. 
Comparisons are made by examining differences between percentage points across different catego-
ries of the independent variable. Some researchers limit their comparisons to categories with at least a  
10 percentage point difference. In our comparison, we can see that there is a 41.4 percentage point 
difference between the percentages of white home owners (70%) and black home owners (28.6%). In 
other words, in this group, whites are more likely to be home owners than blacks.4 Therefore, we can 
conclude that one’s race appears to be associated with the likelihood of being a home owner.

Note that the same conclusion would be drawn had we compared the percentage of black and 
white renters. However, since the percentages of home owners and renters within each racial group 
sum to 100%, we need to make only one comparison. In fact, for any 2 × 2 table, only one compari-
son needs to be made to interpret the table. For a larger table, more than one comparison can be 
made and used in interpretation.

Practice constructing a bivariate table. Use Table 9.1 to create a percentage bivariate table. 
Compare your table with Table 9.3. Did you remember all the parts? Are your calculations 
correct? If not, go back and review this section. Remember, you must correctly identify the inde-
pendent variable so that you know whether to percentage across the rows or down the columns.

✓  Learning 
Check

--  HOW TO DEAL WITH AMBIGUOUS  
RELATIONSHIPS BETWEEN VARIABLES

Sometimes it isn’t apparent which variable is independent or dependent; sometimes the data can 
be viewed either way. In this case, you might compute both row and column percentages. For 
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example, Table 9.4 presents three sets of figures for the variables SPANKING and FEFAM for a 
sample of 127 GSS respondents: (a) the absolute frequencies, (b) the column percentages, and  
(c) the row percentages. SPANKING is measured with the survey question “Do you favor spanking 
to discipline a child?” The variable FEFAM measures whether the respondent agrees or disagrees 
with the statement “a man should work and a woman should stay at home.” Table 9.4b shows that 
respondents who strongly disagree with spanking a child are less likely to agree with the FEFAM 
statement than those who strongly agree with spanking (10% compared with 50%). Table 9.4c 
shows that individuals who strongly agree that a man should work and a woman should stay at 
home are more likely to agree with spanking than those who disagree with the statement on men’s 
and women’s roles (94% compared with 63%).

Thus, percentaging within each column (Table 9.4b) allows us to examine the hypothesis that 
spanking (the independent variable) is associated with agreement with the FEFAM statement (the 
dependent variable). When we percentage within each row (Table 9.4c), the hypothesis is that 
agreement or disagreement with the FEFAM statement (the independent variable) may be related 
to SPANKING (the dependent variable).5

FEFAM

SPANKING

Row TotalStrongly Agree Strongly Disagree

a. Absolute frequencies

 Strongly agree 48 3 51

 Strongly disagree 48 28 76

 Column total 96 31 127

b. Column percentages (column totals as base)

 Strongly agree 50% 10% 40%

 Strongly disagree 50% 90% 60%

 Column total 100%
(96)

100%
(31)

100%
(127)

c. Row percentages (row totals as base)

 Strongly agree 94% 6% 100%
(51)

 Strongly disagree 63% 37% 100%
(76)

 Column total 76% 24% 100%
(127)

Table 9.4  The Different Ways Percentages Can Be Computed: SPANKING by FEFAM

                                                                  Copyright ©2015 by SAGE Publications, Inc. 
This work may not be reproduced or distributed  in any form or by any means without express written permission of the publisher. 

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute



Bivariate Tables— 219

Finally, it is important to understand that ultimately what guides the construction and inter-
pretation of bivariate tables is the theoretical question posed by the researcher. Although the 
particular example in Table 9.4 makes sense if interpreted using row or column percentages, not 
all data can be interpreted this way. For example, a table comparing women’s and men’s attitudes 
toward sexual harassment in the workplace could provide a sensible explanation in only one 
direction. Gender might influence a person’s attitude toward sexual harassment; however, a per-
son’s attitude toward sexual harassment certainly couldn’t influence her or his gender. Therefore, 
either row or column percentages are appropriate, depending on the way the variables are arrayed, 
but not both.

--  READING THE RESEARCH LITERATURE:  
PLACE OF DEATH IN AMERICA

The guidelines for constructing and interpreting bivariate tables discussed in this chapter are 
not always strictly followed. Most bivariate tables presented in the professional literature are a 
good deal more complex than those we have just been describing. Let’s conclude this section 
with a typical example of how bivariate tables are presented in social science literature. The fol-
lowing example is drawn from a 2007 study by Andrea Gruneir, Vincent Mor, Sherry Weitzen, 
Rachael Truchil, Joan Teno, and Jason Roy on understanding variations on the sites of death 
in America.

According to the researchers, driven in part by the increasing aging of the U.S. population, there 
has been an increase in the level of public and professional concern about the quality of end-of-
life care. Though public surveys confirm that most would prefer to die at home, the majority of 
Americans die in an institutional setting, such as a hospital or care facility. Acute care hospitals are 
still the number one site of death for people with chronic illnesses. In this study, Gruneir and her 
colleagues explored the likelihood of home versus hospital or nursing home death, explaining that

where individuals spend their last days of life is influenced by individual demographic and 
clinical characteristics as well as to the degree which their community has an interest in  
and sufficient wealth to invest in service resources such as hospitals, nursing homes, or home and 
hospice care services. (p. 359)

The study examines differences in the place of death by gender, age, marital status, race/
ethnicity, education, and cause of death. Researchers relied on data from the 1997 National Vital 
Statistics System. The data set includes death certificates for 1,402,167 deaths, identifying place 
of death as either acute care hospital, nursing care facility, home, or other.

Table 9.5 shows the results of the survey. Follow these steps in examining it:

 1. Identify the dependent variable and the type of unit of analysis it describes (such as indi-
vidual, city, or child). Here the dependent variable is place of death in 1997. The categories 
for this variable are “hospital,” “home,” or “nursing home.” The type of unit used in this table 
is individual.
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Place of Death, 1997

Hospital (N = 740,405) Home (N = 330,447) Nursing Home (N = 331,315)

Gender
 Male 57.3 25.5 17.2
 Female 48.7 21.8 29.5
Age (years)
 <65 64.4 29.2  6.4
 65−74 59.3 28.1 12.6
 75−84 52.7 22.7 24.6
 85−94 40.8 16.9 42.3
 95+ 28.0 14.5 57.6
Marital status
 Never married 55.9 21.5 22.7
 Married 59.0 26.9 14.1
 Widowed 45.2 19.9 34.9
 Divorced 54.6 26.1 19.2
 Not stated 57.1 24.9 18.0
Race/ethnicity
 White 49.7 24.2 26.1
 Black 66.4 20.2 13.5
 Hispanic 65.2 22.7 12.1
 Other/unknown 63.4 21.7 14.9
Education (years)
 <9 50.8 20.3 29.0
 9–11 54.7 23.0 22.3
 12 53.5 23.8 22.7
 13–15 51.9 26.4 21.7
 16+ 50.8 27.7 21.6
 Unknown 56.8 18.8 24.4

Table 9.5  Place of Death, 1997, by Gender, Age, Marital Status, Race/Ethnicity, and Education 
(percentages reported)

Source: Andrea Gruneir, Vincent Mor, Sherry Weitzen, Rachael Truchil, Joan Teno, and Jason Roy, “Where People Die: A 
Multilevel Approach to Understanding Influences on Site of Death in America,” Medical Care Research Review 64 (2007): 
351–378.
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 2. Identify the independent variables included in the table and the categories of each. There are 
five independent variables: gender, age, marital status, race/ethnicity, and education. For the 
first variable, gender, the categories are “male” and “female.” Review the table to determine 
the categories for the remaining variables.

 3. Clarify the structure of the table. Note that the independent variables are arrayed in the rows 
of the table and the dependent variable, place of death, is arrayed in the columns. The table is 
divided into five panels, one for each independent variable. There are actually five bivariate 
tables here—one for each independent variable.

  Since the independent variables are arrayed in the rows, percentages are calculated within 
each row separately, with the row totals (not shown) serving as the bases for the per-
centages. From the table, we know that the largest number of deaths in 1997 occurred 
in hospitals—740,405 died in hospitals compared with 330,447 who died at home and 
331,315 who died in nursing homes. Combining categories for hospital and nursing 
home, as Gruneir and colleagues explained, the majority of Americans died in an insti-
tutional setting rather than at home. Though not calculated, the row percentages should 
total 100%.

 4. Using Table 9.5, we can make a number of comparisons, depending on which independent 
variable we are examining. For example, to determine the relationship between gender and 
place of death, compare the percentages between men and women. For example, we know 
that the largest percentages for both men and women are in the category “died in hospital.” 
Yet looking at each place-of-death category, we see that the percentages are about the same 
for those who died at home (25.5 male, 21.8 female), but greater differences exist between 
the percentage of those who died in nursing homes (17.2 male, 29.5 female) and in hospitals 
(57.3 male, 48.7 female). A higher percentage of women than men were reported dying 
in nursing homes, while a higher percentage of men than women were reported dying in 
hospitals.

  You can make similar comparisons to determine the association between age, marital status, 
race/ethnicity, and education.

 5. Finally, what conclusions can you draw about variations in place of death? The researchers 
offer this interpretation of the findings presented in the table.

  The frequency of nursing home death increased with age and among the oldest adults, 
nursing homes were the most common site of death. A greater percentage of women 
than men died in the nursing home (29.5% vs. 17.2%) but the converse was seen in 
other sites of death. Married and divorced decedents showed the greatest frequency 
of home death (26.9% and 26.1%, respectively) while widowed decedents showed the 
greatest frequency of nursing home death (34.9%). Approximately half of all white 
decedents died in hospital but well over 60% of each other racial/ethnic group died 
in hospital. Of those who died outside the hospital, white decedents were equivalently 
split between home and nursing home while other groups more frequently died at 
home than in nursing home. (p. 363)
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-- THE PROPERTIES OF A BIVARIATE RELATIONSHIP

In this section, we present some detailed observations that we may want to make about the “prop-
erties” of a bivariate association. These properties can be expressed as three questions to ask when 
examining a bivariate relationship:6

 1. Does there appear to be a relationship?
 2. How strong is it?
 3. What is the direction of the relationship?

The Existence of the Relationship

Based on Table 9.6, we want to examine whether the frequency of church attendance by respon-
dents had an effect on their support for abortion. Support for abortion was measured with the 
following question: “Please tell me whether or not you think it should be possible for a pregnant 
woman to obtain a legal abortion if the woman wants it for any reason.” Frequency of church atten-
dance was determined by asking respondents to indicate how often they attend religious services.7

Let’s hypothesize that those who attend church frequently are more likely to be pro-life. We 
are not suggesting that church attendance necessarily “causes” pro-life attitudes, but that perhaps 
there is an indirect connection between the two. For example, perhaps those who attend church 
less frequently are more likely to want decisions about the body to be made on an individual basis 
through the right to choose an abortion. 

In this formulation, church attendance is said to “influence” attitudes toward abortion, so it 
is the independent variable; therefore, percentages are calculated within each category of church 
attendance (church attendance is the column variable). 

A relationship is said to exist between two variables in a bivariate table if the percentage distri-
butions vary across the different categories of the independent variable, in this case church atten-
dance. We can easily see that the percentage who support abortion changes across the different 
levels of church attendance. Of those who never attend church, 55% are pro-choice; of those who 
infrequently attend church, 50% are pro-choice; and of those who frequently attend church, 26% 
are pro-choice. Table 9.6 indicates that church attendance and support for abortion are associated 
as hypothesized.

If church attendance were unrelated to attitudes toward abortion among GSS respondents, then 
we would expect to find equal percentages of respondents who are pro-choice (or anti-choice) 

Use Table 9.5 to verify each of the following conclusions drawn by the researchers about the 
place of death: (1) Among the oldest adults, nursing homes were the most common site of 
death. (2) A greater percentage of women died in nursing homes than men. (3) Marital status 
is related to home death. (4) Approximately half of all white respondents died in hospitals, while 
more than 60% of all other racial/ethnic groups died in hospitals. Can you explain these pat-
terns? What other questions do these patterns raise about place of death?

✓  Learning 
Check
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Table 9.6  Support for Abortion by Church Attendance

Abortion

Church Attendance

TotalNever Infrequently Frequently

Yes  55%  50%  26%  43%

No  45%  50%  74%  57%

Total
(N)

100%
(111)

100%
(212)

100%
(157)

100%
(480)

regardless of the level of church attendance. Table 9.7 is a fictional representation of a strictly hypo-
thetical pattern of no association between abortion attitudes and church attendance. The percent-
age of respondents who are pro-choice in each category of church attendance is equal to the overall 
percentage of respondents in the sample who are pro-choice (43%).

The Strength of the Relationship

In the preceding section, we saw how to establish whether an association exists in a bivariate 
table. If it does, how do we determine the strength of the association between the two variables? A 
quick method is to examine the percentage difference across the different categories of the indepen-
dent variable. The larger the percentage difference across the categories, the stronger the association.

In the hypothetical example of no relationship between church attendance and attitude toward 
abortion (Table 9.7), there is a 0% difference between the columns. At the other extreme, if all 
respondents who never attended church were pro-choice and none of the respondents who fre-
quently attended church were pro-choice, a perfect relationship would be manifested in a 100% 
difference. Most relationships, however, will be somewhere in between these two extremes. In 
fact, we rarely see a situation with either a 0% or a 100% difference. Going back to the observed 
percentages in Table 9.6, we find the largest percentage difference between respondents who 

Abortion

Church Attendance

TotalNever Infrequently Frequently

Yes  43%  43%  43%  43%

No  57%  57%  57%  57%

Total
(N)

100%
(111)

100%
(212)

100%
(157)

100%
(480)

Table 9.7  Support for Abortion by Church Attendance (a hypothetical 
illustration of no relationship)

                                                                  Copyright ©2015 by SAGE Publications, Inc. 
This work may not be reproduced or distributed  in any form or by any means without express written permission of the publisher. 

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute



224— E S S E N T I A L S  O F  S O C I A L  S TAT I S T I C S  F O R  A  D I V E R S E  S O C I E T Y

never attend church and respondents who frequently attend church (55% − 26% = 29%). The 
difference between respondents who infrequently attend church and respondents who frequently 
attend church (50% − 26% = 24%), though not as large, is nonetheless substantial, indicating a 
moderate relationship between church attendance and attitudes toward abortion.

Percentage differences are a rough indicator of the strength of a relationship between two vari-
ables. Later in this chapter, we discuss measures of association that provide a more standardized 
indicator of the strength of an association.

The Direction of the Relationship

When both the independent and dependent variables in a bivariate table are measured at the 
ordinal level or the interval-ratio level, we can talk about the relationship between the variables as 
being either positive or negative. A positive bivariate relationship exists when the variables vary in 
the same direction. Higher values of one variable “go together” with higher values of the other vari-
able. In a negative bivariate relationship, the variables vary in opposite directions: higher values of 
one variable “go together” with lower values of the other variable (and the lower values of one go 
together with the higher values of the other).

Positive relationship A bivariate relationship between two variables measured at the 
ordinal level or higher in which the variables vary in the same direction.

Negative relationship A bivariate relationship between two variables measured at 
the ordinal level or higher in which the variables vary in opposite directions.

Table 9.8, from the International Social Survey Programme, displays a positive relationship 
between willingness to pay higher taxes and willingness to pay higher prices. Examine each 
category separately. For respondents who are unwilling to pay higher prices, an unwillingness to 
pay higher taxes is most typical (91.5%). For respondents who are indifferent to paying higher 
prices, the most common response is to be indifferent to paying higher taxes (55.1%); and finally, 

Willingness to Pay Higher Taxes

Willingness to Pay Higher Prices

Unwilling Indifferent Willing

Unwilling 91.5% 36.4% 23.6%
Indifferent 5.1% 55.1% 18.6%
Willing 3.4% 8.5% 57.8%
Total
(N)

100%
(529)

100%
(352)

100%
(532)

Table 9.8  Willingness to Pay Higher Taxes by Willingness to Pay Higher Prices: A Positive 
Relationship
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for respondents who are willing to pay higher prices, a willingness to pay higher taxes is most 
typical (57.8%). This is a positive relationship, with a willingness to pay higher prices associated 
with a willingness to pay higher taxes and an unwillingness to pay higher prices associated with 
an unwillingness to pay higher taxes.

Table 9.9, also from the International Social Survey Programme, shows a negative association 
between educational level and attendance of religious services for a sample of about 400 inter-
national respondents.8 Individuals with no education typically attended religious services two to 
three times per month or more (66.2%). Individuals with secondary degrees (i.e., roughly, the U.S. 
equivalent to high school) typically attended religious services infrequently, ranging from monthly 
to several times a year (35.0%); and for individuals who had completed work at a university, the 
most common category was “never,” meaning that they never attended religious services (37.3%). 
The relationship is a negative one because as educational level increases, the frequency of atten-
dance of religious services decreases.

The examination of a possible relationship between two variables, however, is only a first step 
in data analysis. Having established through bivariate analysis that the independent and dependent 
variables are associated, we seek to further interpret and understand the nature of this relation-
ship. Elaboration is a process designed to further explore a bivariate relationship, involving the 
introduction of additional variables, called control variables. By adding a control variable to our 
analysis, we are considering or “controlling” for the variable’s effect on the bivariate relationship. 
Each potential control variable represents an alternative explanation for the bivariate relationship 
under consideration. The details of elaboration will not be considered in this text.

Elaboration A process designed to further explore a bivariate relationship; it 
involves the introduction of control variables.

Control variable An additional variable considered in a bivariate relationship. The 
variable is controlled for when we take into account its effect on the variables in the 
bivariate relationship.

Attendance of 
Religious Services

Educational Level

None Secondary Degree University Degree

Never 5.2% 32.5% 37.3%

Infrequently 28.6% 35.0% 34.9%

2 to 3 times per 
month or more

66.2% 32.5% 27.8%

Total
(N)

100%
(77)

100%
(237)

100%
(126)

Table 9.9  Support for Attendance of Religious Services by Educational Level: A Negative 
Relationship
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-- THE CHI-SQUARE TEST AND MEASURES OF ASSOCIATION 

We extend our examination of the educational experience by focusing on first-generation college 
students—that is, students whose parents never completed a postsecondary education. Most 
first-generation students begin college at 2-year programs or at community colleges. According 
to W. Elliot Inman and Larry Mayes (1999), since first-generation college students represent a 
large segment of the community college population, they bring with them a set of distinct goals 
and constraints. Understanding their experiences and their demographic backgrounds may allow 
more intentional recruiting, retention, and graduation efforts. Inman and Mayes set out to exam-
ine first-generation college students’ experiences, but they began first by determining who was 
most likely to be a first-generation college student.

Data from Inman and Mayes’s study are presented in Table 9.10, a bivariate table, which includes 
gender and first-generation college status. From the table, we know that a higher percentage of 
women than men reported being first-generation college students, 46.6% versus 35.4%.

The percentage differences between men and women in first-generation college status, shown 
in Table 9.10, suggest that there is a relationship. If gender and first-generation college status were 
not associated, we would expect the same percentage of men and women to be first-generation 
college students. Similarly, we would expect to see the same percentage of men and women who 
are nonfirsts. These percentages should be equal to the percentage of “firsts” and “nonfirsts” in 
the sample as a whole (categories used by Inman and Mayes). The last column of Table 9.10—the 
row marginals—displays these percentages: 41.9% of all respondents were first-generation stu-
dents, whereas 58.1% were nonfirsts. Therefore, if there were no association between gender and 
first-generation college status, we would expect to see 41.9% of the men and 41.9% of the women 
in the sample as first-generation students. Similarly, 58.1% of the men and 58.1% of the women 
would not be.

First Generation Men Women Total

Firsts  35.4%  46.6%  41.9%

(691) (1,245) (1,936)

Nonfirsts  64.6%  53.4%  58.1%

(1,259) (1,425) (2,684)

Total (N) 100.0% 100.0% 100.0%

(1,950) (2,670) (4,620)

Table 9.10  Percentages of Men and Women Who Are First-
Generation College Students

Source: Adapted from W. Elliot Inman and Larry Mayes, “The Importance of Being 
First: Unique Characteristics of First Generation Community College Students,” 
Community College Review 26, no. 3 (1999): 8. Copyright  North Carolina State 
University. Published by SAGE Publications.

                                                                  Copyright ©2015 by SAGE Publications, Inc. 
This work may not be reproduced or distributed  in any form or by any means without express written permission of the publisher. 

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute



Bivariate Tables— 227

Table 9.11 shows these hypothetical expected percentages. Because the percentage distributions of 
the variable first-generation college status are identical for men and women, we can say that Table 9.11 
demonstrates a perfect model of “no association” between the variable first-generation college status 
and the variable gender.

If there is an association between gender and first-generation college status, then at least some of 
the observed percentages in Table 9.10 should differ from the hypothetical expected percentages shown 
in Table 9.11. Conversely, if gender and first-generation college status are not associated, the observed 
percentages should approximate the expected percentages shown in Table 9.11. In a cell-by-cell com-
parison of Tables 9.10 and 9.11, you can see that there is quite a disparity between the observed per-
centages and the hypothetical percentages. For example, in Table 9.10, 35.4% of the men reported that 
they were first-generation college students, whereas the corresponding cell for Table 9.11 shows that 
41.9% of the men reported the same. The remaining three cells reveal similar discrepancies.

Are the disparities between the observed and expected percentages large enough to convince 
us that there is a genuine pattern in the population? The chi-square statistic helps us answer this 
question. It is obtained by comparing the actual observed frequencies in a bivariate table with the 
frequencies that are generated under an assumption that the two variables in the cross-tabulation 
are not associated with each other. If the observed and expected values are very close, the chi-
square statistic will be small. If the disparities between the observed and expected values are large, 
the chi-square statistic will be large. 

- THE CONCEPT OF CHI-SQUARE AS A STATISTICAL TEST

The chi-square test (pronounced kai-square and written c2) is an inferential statistical technique 
designed to test for significant relationships between two variables organized in a bivariate table. 
The test has a variety of research applications and is one of the most widely used tests in the social 
sciences. The chi-square test requires no assumptions about the shape of the population distribu-
tion from which a sample is drawn. It can be applied to nominally or ordinally measured variables 
(including grouped interval-level data).

First Generation Men Women Total

Firsts  41.9%  41.9%  41.9%

(1,936)

Nonfirsts  58.1%  58.1%  58.1%

(2,684)

Total (N) 100.0% 100.0% 100.0%

(1,950) (2,670) (4,620)

Table 9.11  Percentages of Men and Women Who Are First-
Generation College Students: Hypothetical Data 
Showing No Association

                                                                  Copyright ©2015 by SAGE Publications, Inc. 
This work may not be reproduced or distributed  in any form or by any means without express written permission of the publisher. 

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute



228— E S S E N T I A L S  O F  S O C I A L  S TAT I S T I C S  F O R  A  D I V E R S E  S O C I E T Y

Chi-square test An inferential statistical technique designed to test for a significant 
relationship between two nominal or ordinal variables organized in a bivariate table.

The chi-square test can also be applied to the distribution of scores for a single variable. Also 
referred to as the goodness-of-fit test, the chi-square test can compare the actual distribution of 
a variable with a set of expected frequencies. This application is not presented in this chapter.

-- THE CONCEPT OF STATISTICAL INDEPENDENCE

When two variables are not associated (as in Table 9.11), one can say that they are statistically 
independent. That is, an individual’s score on one variable is independent of his or her score on 
the second variable. We identify statistical independence in a bivariate table by comparing the 
distribution of the dependent variable in each category of the independent variable. When two 
variables are statistically independent, the percentage distributions of the dependent variable 
within each category of the independent variable are identical. The hypothetical data presented in 
Table 9.11 illustrate the notion of statistical independence. Based on Table 9.11, we would say that 
first-generation college status is independent of one’s gender.9

Statistical independence The absence of association between two cross-tabulated 
variables. The percentage distributions of the dependent variable within each category 
of the independent variable are identical.

The data we will use to practice calculating chi-square are also from Inman and Mayes’s 
research. We will examine the relationship between age (independent variable) and first-
generation college status (the dependent variable), as shown in the following bivariate table:

Age and First-Generation College Status

Construct a bivariate table (in percentages) showing no association between age and first-
generation college status.

✓  Learning 
Check

Age
First-Generation Status 19 Years or Younger 20 Years or Older Total
Firsts  916 (33.7%) 1,018 (53.6%) 1,934 (41.9%)
Nonfirsts 1,802 (66.3%)  881 (46.4%) 2,683 (58.1%)
Total (N) 2,718 (100.0%) 1,899 (100.0%)  4,617 (100.0%)

Source: Adapted from W. Elliot Inman and Larry Mayes, “The Importance of Being First: Unique Characteristics 
of First Generation Community College Students,” Community College Review 26, no. 3 (1999): 8.

                                                                  Copyright ©2015 by SAGE Publications, Inc. 
This work may not be reproduced or distributed  in any form or by any means without express written permission of the publisher. 

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute



Bivariate Tables— 229

--  THE STRUCTURE OF HYPOTHESIS  
TESTING WITH CHI-SQUARE

The chi-square test follows the same five basic steps as the statistical tests presented in 
Chapter 8: (1) making assumptions, (2) stating the research and null hypotheses and selecting 
alpha, (3) selecting the sampling distribution and specifying the test statistic, (4) computing 
the test statistic, and (5) making a decision and interpreting the results. Before we apply the 
five-step model to a specific example, let’s discuss some of the elements that are specific to 
the chi-square test.

The Assumptions

The chi-square test requires no assumptions about the shape of the population distribution from 
which the sample was drawn. However, like all inferential techniques, it assumes random sampling. 
It can be applied to variables measured at a nominal and/or an ordinal level of measurement.

Stating the Research and the Null Hypotheses

The research hypothesis (H1) proposes that the two variables are related in the population.

H1: The two variables are related in the population. (Gender and first-generation college status 
are statistically dependent.)

Like all other tests of statistical significance, the chi-square is a test of the null hypothesis. The 
null hypothesis (H0) states that no association exists between two cross-tabulated variables in the 
population, and therefore, the variables are statistically independent.

H0: There is no association between the two variables in the population. (Gender and first-
generation college status are statistically independent.)

Refer to the data in the previous Learning Check. Are the variables age and first-generation 
college status statistically independent? Write out the research and the null hypotheses for your 
practice data.

✓  Learning 
Check

The Concept of Expected Frequencies

Assuming that the null hypothesis is true, we compute the cell frequencies that we would 
expect to find if the variables are statistically independent. These frequencies are called 
expected frequencies (and are symbolized as fe). The chi-square test is based on cell-by-cell 
comparisons between the expected frequencies (fe) and the frequencies actually observed 
(observed frequencies are symbolized as fo).
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Expected frequencies (fe ) The cell frequencies that would be expected in a bivariate 
table if the two variables were statistically independent.

Observed frequencies (fo ) The cell frequencies actually observed in a bivariate table.

Calculating the Expected Frequencies

The difference between fo and fe will determine the likelihood that the null hypothesis is true and 
that the variables are, in fact, statistically independent. When there is a large difference between 
fo and fe, it is unlikely that the two variables are independent, and we will probably reject the null 
hypothesis. On the other hand, if there is little difference between fo and fe, the variables are prob-
ably independent of each other, as stated by the null hypothesis (and therefore, we will not reject 
the null hypothesis).

The most important element in using chi-square to test for the statistical significance of cross-
tabulated data is the determination of the expected frequencies. Because chi-square is computed on 
actual frequencies instead of on percentages, we need to calculate the expected frequencies based 
on the null hypothesis.

In practice, the expected frequencies are more easily computed directly from the row and col-
umn frequencies than from the percentages. We can calculate the expected frequencies using this 
formula:

 f =
Column marginal Row marginal

Ne
( )( )  (9.1)

To obtain the expected frequencies for any cell in any cross-tabulation in which the two vari-
ables are assumed independent, multiply the row and column totals for that cell and divide the 
product by the total number of cases in the table.

Let’s use this formula to recalculate the expected frequencies for our data on gender and 
first-generation college status as displayed in Table 9.10. Consider the men who were first-
generation college students (the upper left cell). The expected frequency for this cell is the 
product of the column total (1,950) and the row total (1,936) divided by all the cases in the 
table (4,620):

fe =
( )( )

=
1 936 1 950

4 620
817 14

, ,
,

.

For men who are nonfirsts (the lower left cell), the expected frequency is

fe =
( )( )

=
2 684 1 950

4 620
1 132 86

, ,
,

, .
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Next, let’s compute the expected frequencies for women who are first-generation college stu-
dents (the upper right cell):

fe =
( )( )

=
1 936 2 670

4 620
1 118 86

, ,
,

, .

Finally, the expected frequency for women who are nonfirsts (the lower right cell) is

fe =
( )( )

=
2 684 2 670

4 620
1 551 14

, ,
,

, .

These expected frequencies are displayed in Table 9.12.
Note that the table of expected frequencies contains identical row and column marginals as the 

original table (Table 9.10). Although the expected frequencies usually differ from the observed 
frequencies (depending on the degree of relationship between the variables), the row and column 
marginals must always be identical with the marginals in the original table.

Calculating the Obtained Chi-Square

The next step in calculating chi-square is to compare the differences between the expected and 
observed frequencies across all cells in the table. In Table 9.13, the expected frequencies are shown 
next to the corresponding observed frequencies. Note that the difference between the observed 
and expected frequencies in each cell is quite large. Is it large enough to be significant? The way we 
decide is by calculating the obtained chi-square statistic:

 χ2
2

=
−( )

∑
f f

f
o e

e
 (9.2)

First Generation Men Women Total

Firsts 817.14 1,118.86 1,936

Nonfirsts 1,132.86 1,551.14 2,684

Total (N) 1,950 2,670 4,620

Table 9.12  Expected Frequencies of Men and Women and 
First-Generation College Status

Refer to the data in the Learning Check on page 228. Calculate the expected frequencies for age 
and first-generation college status and construct a bivariate table. Are your column and row 
marginals the same as in the original table?

✓  Learning 
Check
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where

fo = observed frequency

fe = expected frequency

Chi-square (obtained) The test statistic that summarizes the differences between 
the observed (fo) and the expected (fe) frequencies in a bivariate table.

Men Women

First Generation fo fe fo fe Total

Firsts   691 817.14 1,245 1,118.86 1,936

Nonfirsts 1,259 1,132.86 1,425 1,551.14 2,684

Total (N) 1,950 2,670 4,620

Table 9.13  Observed and Expected Frequencies of Men and Women Who Are First-Generation 
College Students

✓  Learning 
Check

According to this formula, for each cell, subtract the expected frequency from the observed 
frequency, square the difference, and divide by the expected frequency. After performing this 
operation for every cell, sum the results to obtain the chi-square statistic.

Let’s follow these procedures using the observed and expected frequencies from Table 9.13. Our 
calculations are displayed in Table 9.14. The obtained chi-square statistic, 57.99, summarizes the 
differences between the observed frequencies and the frequencies that we would expect to see if 
the null hypothesis were true and the variables—gender and first-generation college status—were 
not associated. Next, we need to interpret our obtained chi-square statistic and decide whether it 
is large enough to allow us to reject the null hypothesis.

Using the format of Table 9.14, construct a table to calculate chi-square for age and first-
generation college status. 

The Sampling Distribution of Chi-Square

In Chapter 8, we learned that test statistics such as Z and t have characteristic sampling distribu-
tions that tell us the probability of obtaining a statistic, assuming that the null hypothesis is true. 
In the same way, the sampling distribution of chi-square tells the probability of getting values of 
chi-square, assuming no relationship exists in the population.
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Like other sampling distributions, the chi-square sampling distributions depend on the degrees 
of freedom. In fact, the chi-square sampling distribution is not one distribution, but—like the t 
distribution—is a family of distributions. The shape of a particular chi-square distribution depends 
on the number of degrees of freedom. This is illustrated in Figure 9.1, which shows chi-square dis-
tributions for 1, 5, and 9 degrees of freedom. Here are some of the main properties of the chi-square 
distributions that can be observed in this figure:

 
Gender and First-
Generation College Status

 
 
fo

 
 
fe

 
 

fo − fe

 
 

(fo − fe)2

( )o e
2

e

f f
f
−

Men/firsts   691  817.14 −126.14 15,911.2996 19.47

Men/nonfirsts 1,259 1,132.86  126.14 15,911.2996 14.04

Women/firsts 1,245 1,118.86  126.14 15,911.2996 14.22

Women/nonfirsts 1,425 1,551.14 −126.14 15,911.2996 10.26

χ2
2

57 99=
−( )

∑ =
f f

f
o e

e
.

Table 9.14  Calculating Chi-Square
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Figure 9.1 Chi-Square Distributions for 1, 5, and 9 Degrees of Freedom
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�• The distributions are positively skewed. The research hypothesis for the chi-square statistic 
is always a one-tailed test.

�• Chi-square values are always positive. The minimum possible value is zero, with no upper limit 
to its maximum value. A chi-square of zero means that the variables are completely independent 
and the observed frequencies in every cell are equal to the corresponding expected frequencies.

�• As the number of degrees of freedom increases, the chi-square distribution becomes more sym-
metrical and, with degrees of freedom greater than 30, begins to resemble the normal curve.

Determining the Degrees of Freedom

In Chapter 8, we defined degrees of freedom (df) as the number of values that are free to vary. 
With cross-tabulation data, we find the degrees of freedom by using the following formula:

 df = (r – 1)(c – 1) (9.3)

where

r = the number of rows

c = the number of columns

Thus, Table 9.10 with 2 rows and 2 columns has (2 − 1)(2 − 1) or 1 degree of freedom. If the table 
had 3 rows and 2 columns, it would have (3 − 1)(2 − 1) or 2 degrees of freedom.

Appendix C shows values of the chi-square distribution for various degrees of freedom. Notice 
how the table is arranged with the degrees of freedom listed down the first column and the level 
of significance (or P values) arrayed across the top. For example, with 5 degrees of freedom, the 
probability associated with a chi-square as large as 15.086 is .01. An obtained chi-square as large 
as 15.086 would occur only once in 100 samples.

The degrees of freedom in a bivariate table can be interpreted as the number of cells in the table 
for which the expected frequencies are free to vary, given that the marginal totals are already set. 
Based on our data in Table 9.12, suppose we first calculate the expected frequency for men who 
are first-generation college students (fe = 817.14). Because the sum of the expected frequencies in 
the first column is set at 1,950, the expected frequency of men who are nonfirsts has to be 1,132.86 
(1,950 − 817.14). Similarly, all other cells are predetermined by the marginal totals and are not free 
to vary. Therefore, this table has only 1 degree of freedom.

Data in a bivariate table can be distorted if by chance one cell is over- or undersampled and 
may influence the chi-square calculation. Calculation of the degrees of freedom compensates for 
this, but in the case of a 2 × 2 table with just 1 degree of freedom, the value of chi-square should 
be adjusted by applying Yates’s correction for continuity. The formula reduces the absolute value of 
each (fo − fe) by 0.5; then the difference is squared and then divided by the expected frequency for 
each cell. The formula for Yates’s correction for continuity is as follows:

 χc
o e

e

f f
f

2
20 5

=
− −( )

∑
| | .  (9.4)
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Based on Appendix C, identify the probability for each chi-square value (df in parentheses):

•� 12.307 (15)
•� 20.337 (21)
•� 54.052 (24)

Making a Final Decision

With Yates’s correction, the corrected chi-square is 57.54. Refer to Table 9.15 for calculations. 
We can see that 57.54 does not appear on the first row (df = 1); in fact, it exceeds the largest chi-
square value of 10.827 (P = .001). We can establish that the probability of obtaining a chi-square 
of 57.54 is less than .001 if the null hypothesis were true. If our alpha was preset at .05, the prob-
ability of 10.827 would be well below this. Therefore, we can reject the null hypothesis that gender 
and first-generation college status are not associated in the population from which our sample 
was drawn. Remember, the larger the chi-square statistic, the smaller the P value, providing us 
with more evidence to reject the null hypothesis. We can be very confident of our conclusion 
that there is a relationship between gender and first-generation college status in the population 
because the probability of this result occurring owing to sampling error is less than .001, a very 
rare occurrence.

Gender and First-
Generation College Status |fo − fe| (|fo − fe| – .50)2 fe 

f - f

f
o e

e

− .5 2( )

Male firsts 126.14 (125.64)2 = 15,785.41   817.14 19.32

Male nonfirsts 126.14 (125.64)2 = 15,785.41 1,132.86 13.93

Female firsts 126.14 (125.64)2 = 15,785.41 1,118.86 14.11

Female nonfirsts 126.14 (125.64)2 = 15,785.41 1,551.14 10.18

Total 57.54

Table 9.15  Calculating Yates’s Correction

What decision can you make about the association between age and first-generation college 
status? Should you reject the null hypothesis at the .05 alpha level or at the .01 level?

✓  Learning 
Check

✓  Learning 
Check
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--  SAMPLE SIZE AND STATISTICAL  
SIGNIFICANCE FOR CHI-SQUARE

Although we found the relationship between gender and first-generation college status to be statis-
tically significant, this in itself does not give us much information about the strength of the relation-
ship or its substantive significance in the population. Statistical significance helps us evaluate only 
whether the argument (the null hypothesis) that the observed relationship occurred by chance is 
reasonable. It does not tell us anything about the relationship’s theoretical importance or even if it 
is worth further investigation.

The distinction between statistical and substantive significance is important in applying any of 
the statistical tests discussed in Chapter 8. However, this distinction is of particular relevance for 
the chi-square test because of its sensitivity to sample size. The size of the calculated chi-square 
is directly proportional to the size of the sample, independent of the strength of the relationship 
between the variables.

For instance, suppose that we cut the observed frequencies for every cell in Table 9.10 exactly in 
half—which is equivalent to reducing the sample size by one half. This change will not affect the 
percentage distribution of firsts among men and women; therefore, the size of the percentage dif-
ference and the strength of the association between gender and first-generation college status will 
remain the same. However, reducing the observed frequencies by half will cut down our calculated 
chi-square by exactly half, from 57.54 to 28.77. (Can you verify this calculation?) Conversely, had 
we doubled the frequencies in each cell, the size of the calculated chi-square would have doubled, 
thereby making it easier to reject the null hypothesis.

This sensitivity of the chi-square test to the size of the sample means that a relatively strong 
association between the variables may not be significant when the sample size is small. Similarly, 
even when the association between variables is very weak, a large sample may result in a statisti-
cally significant relationship. However, just because the calculated chi-square is large and we are 
able to reject the null hypothesis by a large margin does not imply that the relationship between 
the variables is strong and substantively important.

Another limitation of the chi-square test is that it is sensitive to small expected frequencies in 
one or more of the cells in the table. Generally, when the expected frequency in one or more of the 
cells is below 5, the chi-square statistic may be unstable and lead to erroneous conclusions. There 
is no hard-and-fast rule regarding the size of the expected frequencies. Most researchers limit the 
use of chi-square to tables that either have no fe values below 5 or have no more than 20% of the fe 
values below 5.

Testing the statistical significance of a bivariate relationship is only a small step, although 
an important one, in examining a relationship between two variables. A significant chi-square 
suggests that a relationship, weak or strong, probably exists in the population and is not due to 
sampling fluctuation. However, to establish the strength of the association, we need to employ 
measures of association such as gamma, lambda (both covered later in this chapter), or Pearson’s 
r (refer to Chapter 11). Used in conjunction, statistical tests of significance and measures of asso-
ciation can help determine the importance of the relationship and whether it is worth additional 
investigation.
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--  FOCUS ON INTERPRETATION:  
EDUCATION AND HEALTH ASSESSMENT

For the GSS, individuals were asked to identify their highest educational degrees and their levels 
of health (poor, moderate, good, and excellent). These data are shown in Table 9.16. The bivariate 
table shows a clear pattern of positive association between education (the independent variable) 
and health assessment (the dependent variable). For instance, whereas 35% of individuals with 
some college or more reported excellent health, 12.5% of those with less than a high school degree 
reported the same. Similarly, whereas only 2.1% of respondents with some college or more reported 
poor health, 12.5% of respondents with less than a high school degree fell into that category.

Educational Level

Health
Less Than High 

School
High School 

Degree
Some College or 

More Total

Poor  16  26   6  48
(12.5%) (6.0%) (2.1%) (5.7%)

Moderate  44  79  39 162
(34.4%) (18.1%) (13.9%) (19.2%)

Good  52 213 137 402
(40.6%) (48.9%) (48.9%) (47.6%)

Excellent  16 118  98 232
(12.5%) (27.1%) (35.0%) (27.5%)

Total 128 436 280 844
(100%) (100.1%) (99.9%) (100%)

Table 9.16 Health by Educational Level, GSS

The differences in the levels of health among the three educational groups seem sizable. 
However, it is not clear whether these differences are due to chance or to sampling fluctuations, 
or whether they reflect a real pattern of association in the population. In the following discussion, 
we will not review our calculations (though they are presented in Table 9.17). Rather, our focus 
will be on the five-step model and drawing conclusions about the relationship between health and 
educational degree. 

Making Assumptions. Our assumptions are as follows:

 1. A random sample of N = 844 is selected.
 2. The level of measurement of the variable education is ordinal.
 3. The level of measurement of the variable health is ordinal.
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Stating the Research and Null Hypotheses and Selecting Alpha. Our hypotheses are as follows:

H1: There is a relationship between education and health in the population. (Education and 
health are statistically dependent.)

H0: There is no relationship between education and health in the population. (Education and 
health are statistically independent.)

For this test, we’ll select an alpha of .01.

Selecting the Sampling Distribution and Specifying the Test Statistic. The sampling distribution 
is chi-square; the test statistic is also chi-square.

Computing the Test Statistic. Degrees of freedom for Table 9.16 is Calculation of the/as follows:

df = (r − 1)(c − 1) = (4 − 1)(3 − 1) = (3)(2) = 6

The chi-square obtained is 53.96. The detailed calculations are shown in Table 9.17. 

Making a Decision and Interpreting the Results. To determine if the observed frequencies are 
significantly different from the expected frequencies, we compare our calculated chi-square with 
Appendix C. With 6 degrees of freedom, our chi-square of 53.96 exceeds the largest listed chi-
square value of 22.457 (P = .001). We determine that the probability of observing our obtained chi-
square of 53.96 is less than .001, and less than our alpha of .01. We can reject the null hypothesis 
that there are no differences in health among the different educational groups. Thus, we conclude 
that in the population from which our sample was drawn, health does vary by educational attain-
ment. The positive relationship between the two variables is significant. 

For the bivariate table with age and first-generation college status, the value of the obtained 
chi-square is 181.15 with 1 degree of freedom. Based on Appendix C, we determine that its 
probability is less than .001. This probability is less than our alpha level of .05. We reject the 
null hypothesis of no relationship between age and first-generation college status. If we reduce 
our sample size by half, the obtained chi-square is 90.58. Determine the P value for 90.58. What 
decision can you make about the null hypothesis?

✓  Learning 
Check

--  PROPORTIONAL REDUCTION  
OF ERROR: A BRIEF INTRODUCTION

Earlier, we introduced cross-tabulation, whereby the relationship between two variables was 
analyzed by making a number of percentage comparisons. Using the chi-square statistic, we also 
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examined whether two variables are statistically related. Now we review special measures of 
association for nominal and ordinal variables. Unlike chi-square, measures of association reflect 
the strength of the relationship and, at times, its direction (whether it is positive or negative). 
They also indicate the usefulness of predicting the dependent variable from the independent 
variable.

In this section, we discuss four measures of association: lambda (measures of association for 
nominal variables), gamma and Kendall’s tau-b (measures of association between ordinal vari-
ables), and Cramer’s V (a chi-square-related measure of association). In Chapter 11, we introduce 
Pearson’s correlation coefficient, which is used for measuring bivariate associations between 
interval-ratio variables.

Measure of association A single summarizing number that reflects the strength of 
a relationship, indicates the usefulness of predicting the dependent variable from the 
independent variable, and often shows the direction of the relationship.

Education and Health fo fe fo − fe (fo − fe)2

( )2

e

f f
f

o e−

Less than high school/poor  16   7.3   8.7  75.69 10.37

Less than high school/moderate  44  24.6  19.4 376.36 15.30

Less than high school/good  52  61.0  −9.0 81.0  1.33

Less than high school/excellent  16  35.2 −19.2 368.64 10.47

High school/poor  26  24.8   1.2   1.44  0.06

High school/moderate  79  83.7  −4.7  22.09  0.26

High school/good 213 207.7   5.3  28.09  0.13

High school/excellent 118 119.8  −1.8   3.24  0.03

Some college or more/poor   6  15.9  −9.9  98.01  6.16

Some college or more/moderate  39  53.7 −14.7 216.09  4.02

Some college or more/good 137 133.4   3.6  12.96  0.10

Some college or more/excellent  98  77.0 21 441  5.73

χ Σ2
2

53 96=
−( )

=
f f

f
o e

e
.

Table 9.17 Calculating Chi-Square for Education and Health
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Except for Cramer’s V, all the measures of association discussed here and in Chapter 11 are based 
on the concept of the proportional reduction of error, often abbreviated as PRE. According to the 
concept of PRE, two variables are associated when information about one can help us improve our 
prediction of the other.

Proportional reduction of error (PRE) The concept that underlies the definition 
and interpretation of several measures of association. PRE measures are derived by 
comparing the errors made in predicting the dependent variable while ignoring the 
independent with errors made when making predictions that use information about 
the independent variable.

Table 9.18 may help us grasp intuitively the general concept of PRE. Using GSS 2010 data, 
Table 9.18 shows a moderate relationship between the independent variable, educational attain-
ment, and the dependent variable, support for abortion if the woman is poor and can’t afford any 
more children. The table shows that 69.0% of the respondents who did not receive bachelor’s 
degrees were antiabortion, compared with only 45.9% of the respondents who had bachelor’s 
degrees or more.

The conceptual formula for all10 PRE measures of association is

 PRE E E
E

= 1 2

1

−
 (9.5)

where

E1 = errors of prediction made when the independent variable is ignored (Prediction 1)

E2 = errors of prediction made when the prediction is based on the independent variable 
(Prediction 2)

Degree

Support for Abortion Less Than Bachelor’s Bachelor’s or More Total

No 462
69.0%

124
45.9%

586
62.3%

Yes 208
31.0%

146
54.1%

354
37.7%

Total 670
100.0%

270
100.0%

940
100.0%

Table 9.18 Support for Abortion by Degree

Source: GSS, 2010.
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All PRE measures are based on comparing predictive error levels that result from each of the 
two methods of prediction. Let’s say that we want to predict a respondent’s position on abor-
tion, but we do not know anything about the degree he or she has. Based on the row totals in 
Table 9.18, we could predict that every respondent in the sample is antiabortion because this is 
the modal category of the variable abortion position. With this prediction, we would make 354 
errors because in fact 586 respondents in this group are antiabortion but 354 respondents are 
pro-choice. Thus,

E1 = 940 − 586 = 354

How can we improve this prediction by using the information we have on each respondent’s 
educational attainment? For our new prediction, we will use the following rule: If a respondent 
has less than a bachelor’s degree, we predict that he or she will be antiabortion; if a respondent 
has a bachelor’s degree or more, we predict that he or she is pro-choice. It makes sense to use this 
rule because we know, based on Table 9.18, that respondents with lower educational attainment 
are more likely to be antiabortion, while respondents who have bachelor’s degrees or more are 
more likely to be pro-choice. Using this prediction rule, we will make 332 errors (instead of 354) 
because 124 of the respondents who have bachelor’s degrees or more are actually antiabortion, 
whereas 208 of the respondents who have less than a bachelor’s degree are pro-choice (124 + 
208 = 332). Thus,

E2 = 124 + 208 = 332

Our first prediction method, ignoring the independent variable (educational attainment), 
resulted in 354 errors. Our second prediction method, using information we have about the inde-
pendent variable (educational attainment), resulted in 332 errors. If the variables are associated, 
the second method will result in fewer errors of prediction than the first method. The stronger the 
relationship is between the variables, the larger will be the reduction in the number of errors of 
prediction.

Let’s calculate the proportional reduction of error for Table 9.18 using Formula 9.4. The pro-
portional reduction of error resulting from using educational attainment to predict position on 
abortion is

PRE = =
354 332

354
0 06− .

PRE measures of association can range from 0.0 to ±1.0. A PRE of zero indicates that the 
two variables are not associated; information about the independent variable will not improve 
predictions about the dependent variable. A PRE of ±1.0 indicates a perfect positive or negative 
association between the variables; we can predict the dependent variable without error using 
information about the independent variable. Intermediate values of PRE will reflect the strength 
of the association between the two variables and therefore the utility of using one to predict the 
other. The more the measure of association departs from 0.00 in either direction, the stronger 
the association. PRE measures of association can be multiplied by 100 to indicate the percentage 
improvement in prediction.
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--  WHAT IS STRONG? WHAT IS WEAK?  
A GUIDE TO INTERPRETATION

The more you work with various measures of association, the better the feel you will have for what 
particular values mean. Until you develop this skill, here are some guidelines regarding what is 
generally considered a strong relationship and what is considered a weak relationship.

The more you work with various measures of association, the better feel you will have for what 
particular values mean. Until you develop this instinct, here are some guidelines regarding what 
is generally considered a strong relationship and what is considered a weak relationship.
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Keep in mind that these are only rough guidelines. Often, the interpretation for a measure of 
association will depend on the research context. A +0.30 in one research field will mean some-
thing a little different from a +0.30 in another research field. Zero, however, always means the 
same thing: no relationship.

Keep in mind that these are only rough guidelines. Often, the interpretation for a measure of 
association will depend on the research context. A +0.30 in one research field will mean something 
a little different from a +0.30 in another research field. Zero, however, always means the same 
thing: no relationship.

A PRE of 0.06 indicates that there is a weak relationship between respondents’ educational 
attainment and their positions on abortion. A PRE of 0.06 means that we have improved our pre-
diction of respondents’ position on abortion by just 6% (0.06 × 100 = 6.0%) by using information 
on their educational attainment.

--  LAMBDA: A MEASURE OF ASSOCIATION  
FOR NOMINAL VARIABLES

In June 2013, Edward Snowden, a former National Security Agency employee, leaked confiden-
tial information to certain members of the American and international press, revealing that the 
federal government had collected personal data on approximately one third of American citizens 
after September 11, 2001, in a supposed effort to monitor potential terrorist attacks. Thanks to the 
passage of the USA PATRIOT Act in 2001, the federal government was more easily able to collect 
personal data (e.g., phone and Internet conversations) from U.S. civilians and noncivilians. Many 
citizens believed personal data surveillance and collection was reserved specifically for individuals 
suspected of engaging in terrorism. However, a significant amount of controversy emerged when 
Americans learned they had a one-in-three chance of being monitored by the federal government, 
including such things as their social media and e-mail accounts. Further controversy emerged 
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when it was made known that the U.S. government had illegally tapped the European Union’s 
offices, in addition to infiltrating its internal computer networks.11 

The following is an examination of the relationship between party identification, the indepen-
dent variable, and approval or disapproval of the federal government’s collection of phone and 
Internet data for antiterrorism efforts, the dependent variable. Table 9.19 displays results from the 
Pew Research Center based on a nationally representative survey taken in June 2013. We can see 
840 U.S. citizens classified by their party identification and their stances on collection of personal 
data for antiterrorism efforts. We will consider a respondent’s party identification to be the inde-
pendent variable and approval or disapproval of the federal government’s collection of phone and 
Internet data for antiterrorism efforts to be the dependent variable.

Because party identification and approval or disapproval are nominal variables, we need to 
apply a measure of association suitable for calculating relationships between nominal variables. 
Such a measure will help us determine how strongly associated party identification is with one’s 
position on the collection of phone and Internet data as part of antiterrorism efforts. Lambda is 
such a PRE measure.

Lambda An asymmetrical measure of association, lambda is suitable for use with 
nominal variables and may range from 0.0 to 1.0. It provides us with an indication of 
the strength of an association between the independent and dependent variables.

A Method for Calculating Lambda

Take a look at Table 9.19 and examine the row totals, which show the distribution of the variable 
collection of data for antiterrorism efforts. If we had to predict whether Democrats would approve 
or disapprove of these data collection efforts, our best bet would be to guess the mode, which is that 
everyone approved of phone and Internet data collection. This prediction will result in the smallest 
possible error. The number of wrong predictions we make using this method is actually 383, since 
only 457 (the mode) out of 840 indicated that they approved of the collection of phone and Internet 
data for antiterrorism efforts (840 – 457 = 383).

 
Collection of Data  for Antiterrorism Efforts

Party Identification

Republican Democrat Row Total

Approve 175 282 457

Disapprove 198 185 383

Column total 373 467 840

Table 9.19  Position on Government Collection of Phone and Internet Data by Party 
Identification

Source: Pew Research Center, “Public Split Over Impact of NSA Leak, but Most Want Snowden Prosecuted,” June 17, 2013.
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Now take another look at Table 9.19, but this time let’s consider party identification when we pre-
dict approval or disapproval of phone and Internet data collection. Again, we can use the mode, but 
this time we apply it separately for Republicans and Democrats. The mode for Republicans is “disap-
prove” (198); therefore, we can predict that all Republicans disapprove of the collection of phone and 
Internet data for antiterrorism efforts. With this method of prediction, we make 175 errors, since 
175 out of 373 Republicans approve of phone and Internet data collection (373 – 198 = 175). Next, 
we look at the group of Democrats. The mode for this group is “approve”; this will be our prediction 
for this group. This method of prediction results in 185 errors (467 – 282 = 185). The total number 
of errors is thus 175 + 185, or 360 errors.

Let’s now put it all together and state the procedure for calculating lambda in more general terms.

 1. Find E1, the errors of prediction made when the independent variable is ignored. To find E1, 
find the mode of the dependent variable and subtract its frequency from N. For Table 9.19,

E1 = N – Modal frequency

E1 = 840 – 457 = 383

 2. Find E2, the errors made when the prediction is based on the independent variable. To find 
E2, find the modal frequency for each category of the independent variable, subtract it from 
the category total to find the number of errors, and then add up all the errors. For Table 9.19,

Republicans = 373 – 198 = 175
Democrats = 467 – 282 = 185

E2 = 175 + 185 = 360

 3. Calculate lambda using Formula 9.5:

Lambda = = =
E E

E
1 2

1

383 360
383

0 06− − .

Lambda may range in value from 0.0 to 1.0. Zero indicates that there is nothing to be gained by 
using the independent variable to predict the dependent variable. A lambda of 1.0 indicates that by 
using the independent variable as a predictor, we are able to predict the dependent variable without 
any error. In our case, a lambda of 0.06 is less than one quarter of the distance between 0.0 and 1.0, 
indicating that for this sample of respondents, party identification and approval or disapproval of 
the government’s collection of phone and Internet data for antiterrorism efforts are only slightly 
associated.

The proportional reduction of error indicated by lambda, when multiplied by 100, can be 
interpreted as follows: By using information on respondents’ party identification to predict 
one’s position on the collection of phone and Internet data, we have reduced our error of pre-
diction by 6% (0.06 × 100 = 6%). In other words, if we rely on respondents’ party identification 
to predict whether they approve or disapprove of the government’s collection of phone and 
Internet data for antiterrorism efforts, we would reduce our error of prediction by 6 out of 100, 
or 6% (0.06 × 100).
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Some Guidelines for Interpreting Lambda

Lambda is an asymmetrical measure of association. This means that lambda will vary 
depending on which variable is considered the independent variable and which the dependent 
variable. In our example, we considered one’s approval or disapproval of the government’s collec-
tion of phone and Internet data on behalf of antiterrorism efforts as the dependent variable and 
party identification as the independent variable, not vice versa. Had we considered, instead, party 
identification as the dependent variable and one’s approval or disapproval of the government’s col-
lection of phone and Internet data as the independent variable, we would have obtained a slightly 
different lambda value.

Asymmetrical measure of association A measure whose value may vary depending 
on which variable is considered the independent variable and which the dependent 
variable.

The method of calculation follows the same guidelines even when the variables are 
switched. However, exercise caution in calculating lambda, especially when the independent 
variable is arrayed in the rows rather than in the columns. To avoid confusion, it is safer to 
switch the variables and follow the convention of arraying the independent variable in the 
columns; then follow the exact guidelines suggested for calculating lambda. Remember, how-
ever, that although lambda can be calculated either way, ultimately what guides the decision 
of which variables to consider as independent or dependent is the theoretical question posed 
by the researcher.

Lambda is always zero in situations in which the mode for each category of the independent 
variable falls into the same category of the dependent variable. A problem with interpreting 
lambda arises in situations in which lambda is zero, but other measures of association indicate 
that the variables are associated. To avoid this potential problem, examine the percentage dif-
ferences in the table whenever lambda is exactly equal to zero. If the percentage differences are 
very small (usually 5% or less), lambda is an appropriate measure of association for the table. 
However, if the percentage differences are larger, indicating that the two variables may be asso-
ciated, lambda will be a poor choice as a measure of association. In such cases, we may want to 
discuss the association in terms of the percentage differences or select an alternative measure 
of association.

--  CRAMER’S V: A CHI-SQUARE-RELATED MEASURE  
OF ASSOCIATION FOR NOMINAL VARIABLES

Cramer’s V is an alternative measure of association that can be used for nominal variables. It is 
based on the value of chi-square (discussed earlier in this chapter) and ranges between 0 and 1, 
with 0 indicating no association and 1 indicating a perfect association. Because it cannot take 
negative values, it is considered a nondirectional measure. Unfortunately, Cramer’s V is somewhat 
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limited because the results cannot be interpreted using the PRE framework. It is calculated using 
the following formula:

 
Cramer s’ V

N m
=

×
χ2

 
(9.6)

where m = smaller of (r −1) or (c −1).

Earlier, we tested the hypothesis that education and health assessment are related in the popula-
tion (Tables 9.16 and 9.17). The analysis yielded a chi-square value of 53.96, leading us to reject 
the null hypothesis that there are no differences in health among different educational groups. We 
concluded that in the population from which our sample was drawn, health does vary by educa-
tional attainment.

We can use Cramer’s V to measure the relative strength of the association between health assess-
ment and level of education using Formula 9.5.

Cramer’s V
N m

=
×

=
×

= =
χ2 53 96

844 2
0 032 0 18. . .

A Cramer’s V of 0.18 tells us that there is a weak association between health assessment and level 
of education.

--  FOCUS ON INTERPRETATION:  
GAMMA AND KENDALL’S TAU-b 

In this section, we discuss a way to measure and interpret an association between two ordinal vari-
ables. If there is an association between the two variables, knowledge of one variable will enable us 
to make better predictions of the other variable.

Let’s look at a research example in which the association between two ordinal variables is 
considered. We want to examine the hypothesis that the higher one’s educational level, the more 
satisfied he or she is with his or her financial situation. To examine this hypothesis, we selected two 
variables from the 2010 GSS: the variable education (EDUC), with those indicating that they had 
11 or fewer years of education in one category and those reporting that they had 12 or more years 
of education in a second category. The variable satisfaction with financial situation (SATFIN) has 
two categories: “satisfied” and “unsatisfied.” 

Table 9.20 displays the cross-tabulation of these two variables, with education as the independent 
variable and satisfaction with financial situation as the dependent variable. We find that 80.7% of those 
with less than a high school degree are unsatisfied with their financial situation, as compared with 
74.2% of those with at least a high school degree. The percentage difference (80.7% – 74.2% = 6.5%) 
suggests that the variables are related. We can examine the percentage difference across those who are 
satisfied with their financial situation (25.8% – 19.3% = 6.5%), and reach the same conclusion. 
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The next step in analyzing the relationship between education and financial satisfaction is to 
select a measure that will enable us to assess the strength and the direction (sign) of that relation-
ship. We selected gamma because our variables (education and financial satisfaction) are ordinal 
variables. We will focus on interpreting gamma rather than calculating it. 

The SPSS output showing the value of gamma is presented below. It reports that the gamma for 
the table is .183, indicating a weak positive relationship between education and financial satisfac-
tion. The positive sign of gamma indicates that as education increases, so does the level of financial 
satisfaction. A gamma of .183 indicates that by using education to predict financial satisfaction, 
we’ve reduced our prediction error by 18.3%. 

Financial Satisfaction (Y)

Education (X)

High School or More Less Than High School Total

Satisfied 25.8% 19.3% 24.9%

(332) (40) (372)

Unsatisfied 74.2% 80.7% 75.1%

(957) (167) (1,124)

Total 100% 100% 100%

(N) (1,289) (207) (1,496)

Table 9.20 Financial Satisfaction by Education

Source: GSS, 2010.

a. Not assuming the null hypothesis.

b. Using the asymptotic standard error assuming the null hypothesis.

Value
Asymp. Std. 

Errora Approx. Tb Approx. Sig.

Ordinal by Ordinal Kendall’s tau-b .051 .024 2.128 .033

Gamma .183 .090 2.128 .033

N of Valid Cases 1496

Symmetric Measures

Gamma and Kendall’s tau-b are symmetrical measures of association suitable for use with 
ordinal variables or with dichotomous nominal variables. This means that their values will be the 
same regardless of which variable is the independent variable or the dependent variable. Thus, if 
we had wanted to predict education from financial satisfaction rather than the opposite, we would 
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have obtained the same gamma. Both gamma and Kendall’s tau-b can vary from 0.0 to ±1.0 and 
provide us with an indication of the strength and direction of the association between the variables. 
Gamma and Kendall’s tau-b can be positive or negative. A gamma or Kendall’s tau-b of 1.0 indicates 
that the relationship between the variables is positive and that the dependent variable can be pre-
dicted without any errors based on the independent variable. A gamma of −1.0 indicates a perfect, 
negative association between the variables. A gamma or a Kendall’s tau-b of zero reflects no asso-
ciation between the two variables; hence there is nothing to be gained by using the independent 
variable to predict the dependent variable.

Gamma A symmetrical measure of association suitable for use with ordinal vari-
ables or with dichotomous nominal variables. It can vary from 0.0 to ±1.0 and provides 
us with an indication of the strength and direction of the association between the 
variables. 

Kendall’s tau-b A symmetrical measure of association suitable for use with ordinal 
variables. It can vary from 0.0 to ±1.0. It provides an indication of the strength and 
direction of the association between the variables. Kendall’s tau-b will always be lower 
than gamma.

Symmetrical measure of association A measure whose value will be the same when 
either variable is considered the independent variable or the dependent variable.

--  USING ORDINAL MEASURES  
WITH DICHOTOMOUS VARIABLES

Measures of association for ordinal data are not influenced by the modal category as is lambda. 
Consequently, an ordinal measure of association might be preferable for tables when an association 
cannot be detected by lambda. We can use an ordinal measure for some tables where one or both 
variables would appear to be measured on a nominal scale. Dichotomous variables (those with 
only two categories) can be treated as ordinal variables for most purposes. In this chapter, we cal-
culated lambda to examine the association between abortion attitudes and educational attainment 
(Table 9.18). Although both variables might be considered as nominal variables—because both are 
dichotomized (yes/no; high school or less/more than high school)—they could also be treated as 
ordinal variables. Thus, the association might also be examined using gamma, an ordinal measure 
of association.12 

--  FOCUS ON INTERPRETATION:  
THE GENDER GAP IN GUN CONTROL

Is there a gender gap in attitude toward gun control? Surveys have shown that women are generally 
more in favor of stricter gun laws than men. 
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Let’s examine data from the GSS 2010 comparing men’s and women’s attitudes toward requiring 
gun permits. The table below shows that more women (83.2%) than men (67.0%) are in favor of 
gun permits. These findings confirm the results obtained by most public opinion polls.

RESPONDENTS SEX Total

MALE FEMALE

FAVOR OR OPPOSE GUN 

PERMITS

FAVOR

Count 272 469 741

% within RESPONDENTS 

SEX

67.0% 83.2% 76.4%

OPPOSE

Count 134 95 229

% within RESPONDENTS 

SEX

33.0% 16.8% 23.6%

Total

Count 406 564 970

% within RESPONDENTS 

SEX

100.0% 100.0% 100.0%

Symmetric Measures

Value Asymp. Std. 

Errora

Approx. Tb Approx. Sig.

Ordinal by Ordinal Gamma -.417 .064 -5.728 .000

N of Valid Cases 970

a. Not assuming the null hypothesis.

b. Using the asymptotic standard error assuming the null hypothesis.

The observed percentage difference between men and women is a useful indicator that there is 
a gender gap in opinions about gun control. However, we are seeking a measure that will enable 
us to assess the strength of that relationship. We can select gamma for our purposes because the 
independent and dependent variables are dichotomous. 

The SPSS output showing the value of gamma is presented below. It reports that the gamma for 
the table is −0.417,13 indicating a moderate relationship between sex and opinions about requiring 
gun permits. By using sex to predict men’s and women’s opinions about requiring gun permits, 
we’ve reduced our prediction error by almost half (41.7%). 
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M A I N  P O I N T S

�• Bivariate analysis is a statistical tech-
nique designed to detect and describe the rela-
tionship between two variables. A relationship 
is said to exist when certain values of one vari-
able tend to “go together” with certain values of 
the other variable.

�• A bivariate table displays the distribu-
tion of one variable across the categories of 
another variable. It is obtained by classify-
ing cases based on their joint scores for two 
variables.

�• Percentaging bivariate tables are used 
to examine the relationship between two 
variables that have been organized in a 
bivariate table. The percentages are always 
calculated within each category of the inde-
pendent variable.

�• Bivariate tables are interpreted by com-
paring percentages across different categories 
of the independent variable. A relationship 
is said to exist if the percentage distributions 
vary across the categories of the independent 
variable.

�• Variables measured at the ordinal 
or interval-ratio levels may be positively 
or negatively associated. With a positive 
association, higher values of one variable 
correspond to higher values of the other 
variable. When there is a negative associa-
tion between variables, higher values of one 
variable correspond to lower values of the 
other variable.

�• The chi-square test is an inferential  
statistical technique designed to test for a  

significant relationship between nominal 
or ordinal variables organized in a bivariate 
table. The test is conducted by testing the null 
hypothesis that no association exists between 
two cross-tabulated variables in the popula-
tion, and therefore, the variables are statisti-
cally independent.

�• The obtained chi-square (c2) statis-
tic summarizes the differences between the 
observed frequencies (fo) and the expected fre-
quencies (fe)—the frequencies we would have 
expected to see if the null hypothesis were true 
and the variables were not associated. Yates’s 
correction for continuity is applied to all 2 × 2 
tables.

�• The sampling distribution of chi-square 
tells the probability of getting values of chi-
square, assuming no relationship exists in 
the population. The shape of a particular chi-
square sampling distribution depends on the 
number of degrees of freedom.

�• Measures of association are single sum-
marizing numbers that reflect the strength of 
the relationship between variables, indicate the 
usefulness of predicting the dependent from 
the independent variable, and often show the 
direction of the relationship.

�• Proportional reduction of error (PRE) 
underlies the definition and interpretation of 
several measures of association. PRE measures 
are derived by comparing the errors made in 
predicting the dependent variable while ignor-
ing the independent variable with errors made 
when making predictions that use information 
about the independent variable.
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�• Measures of association may be sym-
metrical or asymmetrical. When the measure 
is symmetrical, its value will be the same 
regardless of which of the two variables is con-
sidered the independent or dependent vari-
able. In contrast, the value of asymmetrical 
measures of association may vary depending 
on which variable is considered the inde-
pendent variable and which the dependent 
variable.

�• Lambda is an asymmetrical measure 
of association suitable for use with nominal 
variables. It can range from 0.0 to 1.0 and gives 
an indication of the strength of an association 
between the independent and the dependent 
variables.

�• Gamma is a symmetrical measure of 
association suitable for ordinal variables or for 

dichotomous nominal variables. It can vary 
from 0.0 to ±1.0 and reflects both the strength 
and direction of the association between two 
variables.

�• Kendall’s tau-b is a symmetrical mea-
sure of association suitable for use with 
ordinal variables. Unlike gamma, it accounts 
for pairs tied on the independent and depen-
dent variable. It can vary from 0.0 to ±1.0. It 
provides an indication of the strength and 
direction of the association between two 
variables.

�• Cramer’s V is a measure of associa-
tion for nominal variables. It is based on the  
value of chi-square and ranges between 0.0 
and 1.0. Because it cannot take negative 
values, it is considered a nondirectional 
measure.

K E Y  T E R M S

asymmetrical measure 
of association

bivariate analysis
bivariate table
cell
chi-square (obtained)
chi-square test
column variable
control variable
cross-tabulation
elaboration

expected  
frequencies (fe)

gamma
Kendall’s tau-b
lambda
marginals
measure of association
negative relationship
observed  

frequencies (fo)
positive relationship

proportional 
reduction of error 
(PRE)

row variable
statistical 

independence
symmetrical measure 

of association
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personalized approach to help you accomplish your coursework goals in an easy-to-use learning environment.
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C H A P T E R  E X E R C I S E S

1. Use the following GSS data on fear, race, and home ownership for this exercise. Variables mea-
sure respondent’s race, whether the respondent fears walking alone at night, and his or her home 
ownership.

Respondent Race Fear of Walking Alone Rent/Own

 1 W N R

 2 B N R

 3 W Y R

 4 B N R

 5 W N R

 6 B Y O

 7 W Y R

 8 W Y R

 9 W N O

10 W N O

11 W Y R

12 W N R

13 B Y O

14 W N R

15 B N O

16 B N R

17 W N O

18 W N O

19 B N R

20 W N O

21 B Y R

Notes: Race: B = black, W = white; fear: Y = yes, N = no; rent/own: R = rent, O = own.

a. Construct a bivariate table of frequencies for race and fear of walking alone at night. Which is the 
independent variable?

b. Calculate percentages for the table based on the independent variable. Describe the relationship 
between race and fear of walking alone using the table. What sampling issues are involved here?
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c. Use the data to construct a bivariate table to compare fear of walking alone at night between people 
who own their homes and those who rent. Use percentages to show whether there is a difference 
between home owners and renters in fear of walking alone.

2. Do women and men have different opinions about affirmative action? Based on data from the GSS 
2010, the output in Figure 9.2 shows respondents’ sex (SEX) and attitudes toward affirmative action 
(DISCAFF: Are whites hurt by affirmative action?).

Figure 9.2 DISCAFF by SEX Cross-Tabulation

a. Which is the independent variable?
b.  What are the differences in attitudes between men and women?
c. Test whether SEX and DISCAFF are independent (alpha = .05). What do you conclude?

3. Advocates of gay rights often argue that homosexuality is not a “preference” or a choice but rather an 
“orientation” that cannot be changed. One of your classmates argues that attitudes about homosexual-
ity often influence political views. Those who think homosexual relations are wrong tend to be more 
conservative compared with those who do not think that homosexual relations are wrong. Use the 
following table based on the GSS 2010 to answer the questions.

Political Views
Homosexual Relations

TotalAlways Wrong Not Wrong at All
Liberal 82 155 237

18.2% 45.4% 29.9%
Moderate 140 120 260 

31% 35.2% 32.8%
Conservative 229 66 295

50.8% 19.4% 37.2%
Total 451 341 792

100.0% 100.0% 99.9%

Note: Original GSS categories have been recoded for illustration purposes.
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a. Based on your classmate’s argument, what is the dependent variable? The independent variable?
b. What percentage of those polled think that homosexual relations are always wrong?
c. Using the percentages in the table, describe the relationship between views about homosexual 

relations and political orientation? 
d. Calculate the chi-square statistic for this table. Based on an alpha of .01, do you reject the null 

hypothesis? Explain.

4. We continue our examination of attitudes regarding homosexuality. Suppose that a classmate of yours 
suggests that views about homosexual relations can be explained by the frequency of church atten-
dance. Your classmate shows you the following table taken from the 2010 GSS sample. (Frequencies 
are shown below.)

Homosexual 
Relations

Church Attendance

TotalNever Several Times a Year Every Week

Always wrong  50 52 136 238

Not wrong at all 111 36  38 185

Total 161 88 174 423

Alchhowdrunk

Race

TotalBlack White Hispanic

Not at all 10  71 14  95

A little  4  64 16  84

Moderate 10 108 19 137

Very  5  35  5  45

Total 29 278 54 361

a. Which is the dependent variable in this table? Which is the independent variable?
b. Calculate the percentages using church attendance as the independent variable for each cell in the 

table. Is there a relationship between church attendance and views about homosexual relations? If 
so, how strong is it?

c. Suppose that you respond to your classmate by stating that it is not church attendance that explains 
views about homosexual relations; rather, it is one’s opinion about the nature of right and wrong 
(i.e., morality) that explains attitudes about homosexual relations. Why might there be a poten-
tial problem with your argument? Think in terms of assigning variables to the independent and 
dependent categories.

5. Youth were asked in the Monitoring the Future (MTF) 2011 survey to report how drunk they get when 
they consume alcohol. Responses for 361 male youth are reported by race. 

 Calculate the percentages using race as the independent variable. Is there a relationship between 
student race and level of drunkenness?
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Sex 

Students’ Educational Expectations
(percentages reported) 

Do Not 
Know Yet

High School 
or Less Some College Bachelor’s Degree

Graduate/Advanced 
Degree 

Male 9.4 6.9 20.5 34.4 28.9

Female 7.4 3.1 15.6 32.6 41.3

Source: Xianglei Chen, Joanna Wu, Shayna Tasoff, and Thomas Weko, Postsecondary Expectations and Plans of the High 
School Senior Class of 2003–2004, U.S. Department of Education NCES 2010-070 rev, 2010.

6. The educational level of Americans increased throughout the 20th century. The following U.S. census 
data show the level of education attained by American adults over the age of 25 years at several points 
in time.

Year
Educational Level

High School Graduate or More (%) College Graduate or More (%)
1980 66.5 16.2
1990 77.6 21.3
1995 81.7 23.0
2000 84.1 25.6
2005 85.2 27.7
2010 87.1 30.3

Source: U.S. Census Bureau, Statistical Abstract of the United State: 2012, Table 229.

a.  What is the direction of the relationship between each year and level of education?
b. Use percentage differences to describe the relationship. Why don’t the percentages add to 100% by 

year? Is there a problem in analyzing the table?
c.  Do these data support the idea that Americans were more educated in 2010 than in previous years? 

7. In 2004, high school seniors were surveyed about their postsecondary expectations and plans. U.S. 
Department of Education data are presented for male and female students. Which group of students 
has higher educational expectations? Refer to the data to support your answer. (The row total for 
males will not equal to 100% due to rounding.)

8. Illegal immigration in the United States is a complex matter, and people have diverse and conflict-
ing ideas on how best to address it. The 2010 GSS contains several questions on this topic. For this 
exercise, we present the SPSS analysis of political party identification and the variable UNDOCK-
ID, which measures support of the statement that children of illegal immigrants should qualify  
for citizenship (see Figure 9.3). 
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a. What percentage of Democrats indicate that children of immigrants should qualify for citizenship? 
What percentage of Republicans?

b. Based on an alpha of .01, what can you conclude about the relationship between political party 
identification and UNDOCKID? 

Figure 9.3  Cross-Tabulation and Chi-Square for NPARTYID and UNDOCKID

 9. Does access to marijuana vary by the size of the community a teenager lives in? The MTF (2012) 
survey asked teens how easy it was to obtain marijuana (GWEED). Their responses are shown by 
residence size—small town, medium-sized city, and large city. Refer to Figure 9.4. Based on an alpha 
of .05, what would you conclude? Does marijuana access vary by residential city size?

10. Teens were asked in the MTF 2012 survey to report their levels of happiness (how are things these 
days?). The bivariate table includes responses organized by race. Based on an alpha of .05, test 
whether race and happiness are independent. 

Response
Race of Respondent

TotalBlack White Hispanic
Not happy  33  93  30  156
Pretty happy 116 488 119  723
Very happy  32 214  40  286
Total 181 795 189 1,165
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11. In the following table, data for the sex of offenders and the sex of victims are reported (U.S. Depart-
ment of Justice, Expanded Homicide Data Table 6, 2011).

Figure 9.4  Cross-Tabulation and Chi-Square for NGREWUP and GWEED

gweed How easy is it do obtain marijuana?

Total
1 PROB IMP: 

(1)
2 VRY DIFF: 

(2)
3 FRLY DIF: 

(3)
4 FRLY EAS: 

(4)
5 VRY EASY: 

(5)

Ngrewup Recoded grew  
up

1.00 small town Count

% within Ngrewup 
Recoded grew up

35

6.4%

22

4.1%

35

6.4%

131

24.1%

320

58.9%

543

100.0%

2.00 medium city Count

% within Ngrewup 
Recoded grew up

14

4.5%

8

2.6%

18

5.8%

87

28.1%

183

59.0%

310

100.0%

3.00 large cityy Count

% within Ngrewup 
Recoded grew up

17

4.4%

14

3.6%

24

6.2%

99

25.6%

232

60.1%

386

100.0%

Total Count

% within Ngrewup 
Recoded grew up

66

5.3%

44

3.6%

77

6.2%

317

25.6%

735

59.3%

1239

100.0%

Ngrewup Recoded grew up * gweed how easy is it to obtain marijuana? Crosstabulation

Value df
Asymp.Sig.
(2-sided)

Pearson Chi-Squre 4.872a 8 .771

Likelihood Ratio 4.909 8 .767

Linear-by-Linear  
Association

1.492 1 .222

N of Valid Cases 1239

Chi-Square Tests

a.  0 cells (0.0%) have expected count less than 5. The  
minimum expected count is 11.01.

a. Treating sex of offender as the independent variable, how many errors of prediction will be made 
if the independent variable is ignored?

b. How many fewer errors will be made if the independent variable is taken into account?
c. Combine your answers in (a) and (b) to calculate lambda. Discuss the relationship between these 

two variables.

Sex of Offender

Sex of Victim Male Female

Male 3,760 450

Female 1,590 140
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12. Let’s continue our analysis of offenders and victims of violent crime. Is there a relationship between 
the races of violent offenders and their victims? Data from the U.S. Department of Justice (Expanded 
Homicide Data Table 6, 2011) are presented below.

a. Let’s treat race of offender as the independent variable and race of victims as the dependent variable. 
If we first ignore the independent variable and try to predict race of victim, how many errors will we 
make?

b. If we now take into account the independent variable, how many errors of prediction will we 
make for those offenders who are white? Black offenders? Other offenders?

c. Combine the answers in (a) and (b) to calculate the proportional reduction in error for this table 
based on the independent variable. How does this statistic improve our understanding of the 
relationship between the two variables?

13. The GSS asked respondents to report their opinion on spanking as a method to discipline a child 
(SPANKING). Examine how respondents’ attitudes toward spanking a child are associated with SEX, 
CLASS, and MARITAL (marital status). Using the SPSS output below, interpret the measures of as-
sociation for each of the variable pairs. 

Figure 9.5 Crosstabulation and Measures of Association for Spanking and Sex 

Race of Offender
Race of Victim White Black Other
White 2,630 448 33

Black 193 2,447 9

Other 180 45 99
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Figure 9.6 Crosstabulation and Measures of Association for Spanking and Class 

Figure 9.7  Crosstabulation and Measures of Association for Spanking and Marital Status 
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14. Does the belief that women are not suited for politics vary by gender and/or educational attainment? 
GSS 2010 respondents were asked if they believed that women are not suited for politics (FEPOL).  
Examine how this variable is associated with respondent’s sex (SEX). Examine and interpret the 
output below. Would lambda be appropriate as a measure of association? Why or why not? Would 
gamma and Kendall’s tau-b be appropriate measures? Why or why not?

Figure 9.8 Crosstabulation and Measures of Association for Sex and Fepol
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