
CHI-SQUARE (ΧΧΧΧ2) TESTS FOR FREQUENCIES 
Notes from: Hinkle, et al., (2003) 

 
KEY CONCEPTS: 

• Nonparametric Tests: Statistical tests of significance that require fewer assumptions 
than parametric tests. 

• Chi-Square ( 2Χ ) Distribution: A family of distributions used as sampling 
distributions in both parametric and non-parametric tests of significance. 

• Observed Frequency: The observed frequencies of occurrence in the categories of a 
contingency table. 

• Theoretical (or Expected) Frequency: The theoretical frequencies of occurrence in 
the categories of a contingency table that are determined from the null hypothesis. 

• Goodness-of-Fit Test: A statistical test of whether or not the observed frequencies are 
a good fit to the expected frequencies. 

• Standardized Residual: In a 2Χ , an indicator of the major contributors to the 
significant 2Χ  value. 

• Test of Homogeneity: also known as The Test of Independence… 

• Yates’ Correction for Continuity: Adjustment in the 2 × 2 2Χ  when there are small 
expected frequencies. 

 

 

• Parametric Statistics – Statistical techniques designed for use when data have certain 
characteristics – usually when they approximate a normal distribution and are measurable 
with interval or ratio scales. Also, statistics used to test hypotheses about population 
parameters. 

• In each test, certain assumptions were made about the parameters of the populations from 
which the samples were drawn; namely, assumptions of normality and homogeneity of 
variance for the respective populations. 

? But what do we do when the data for a research project do not meet parametric assumptions ? 

Nonparametric tests have been developed for such data; these tests have less restrictive 
assumptions. 

• Nonparmetric Statistics – Statistical techniques designed to be used when the data being 
analyzed depart from the distribution that can be analyzed with parametric statistics. In 
practice, this most often means data measured on a nominal or an ordinal scale. 
Nonparmetric tests generally have less power than parametric tests. The Chi-square test is a 
well-known example. They are also called distribution-free statistics. 

• Non-Parametric Test can be used when the parametric assumptions of normality and 
homogeneity of variance are not met. 
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I. THE 2Χ  DISTRIBUTION 
• The most frequent use of the 2Χ  distribution is in the analysis of nominal data. 

• In such analyses, we compare observed frequencies of occurrence with 
theoretical or expected frequencies. 

• Observed frequencies are those that the researcher obtains empirically 
through direct observations. 

• Theoretical or expected frequencies are developed on the basis of some 
theory or hypothesis. 

• The test statistic for comparing observed and expected frequencies is 2Χ , determined as 
follows: 
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Where 

O = observed frequency 

E = expected frequency 

k = number of categories, or possible outcomes 

• The theoretical sampling distribution of 2Χ  can be generated. 

• There is a family of 2Χ  distributions, each a function of the degrees of freedom 
associated with the number of categories in the sample data. 

• Like the t distributions, only a single degree of freedom value is required to identify 
the specific 2Χ  distribution. 

• Unlike the t distributions, which are symmetrical, the theoretical sampling distribution of 
2Χ  are positively skewed. 

• As the number of degrees of freedom associated with 2Χ  increases, the respective 
sampling distribution approaches symmetry (i.e., a normal distribution). 

• Degrees of freedom (df) is calculated by number of categories minus one. 

• Note that for two dependent categories, given the expected frequency in one of the 
categories, the expected frequency in the other is readily determined. In other words, 
only the expected frequency in one of the two categories is free to vary; that is, there 
is only 1 degree of freedom. 
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A. THE CRITICAL VALUES FOR THE 2Χ  DISTRIBUTION 

• The use of 2Χ  distribution in hypothesis testing in analogous to the use of the t and F 
distributions. 

• A null hypothesis is stated. 

• A test statistic is computed. 

• The observed value of the test statistic is compared to the critical value. 

• A decision is made whether or not to reject the null hypothesis. 

• In general, it is not a requirement for the categories to have equal expected 
frequencies. 

• The critical values for 2Χ  are found in a Chi-Square Critical Value Table. 

• Several different percentile points in each distribution are given, although we are 
primarily interested in the more commonly used α levels, such as .05 and .01. 

• NOTE: The null hypothesis for 2Χ  is typically stated in words, not symbols. 

 

B. 2Χ  GOODNESS-OF-FIT TEST 

• The one-sample case is called the goodness-of-fit test. 

• The one-sample case is also called the single-variable experiment. 

• This terminology comes from the idea that the test indicates whether or not the 
observed frequencies are a good fit to the expected frequencies. 

• The fit is good when the observed frequencies are within random fluctuation 
of the expected frequencies and the computed 2Χ  values is relatively small, or 
less than the critical value of 2Χ  for the appropriate degrees of freedom. 

• That is, if we retain the null hypothesis, there is a “good fit.” 

• Like other statistics, we follow the step process for Chi-Square: 

Step 1: State the hypotheses. 

Step 2: Set the criterion for rejecting HO: 

Step 3: Compute the test statistic. 

Step 4: Decide about HO and interpret the results. 

• The expected frequencies are found by multiplying the total number in the sample by 
the respective hypothesized percentages (proportionally) – or – by multiplying the 
total number in the sample by the number of categories/cells (equally). 

• The null hypothesis is rejected if the obtained value exceeds the critical value. 

• If the null hypothesis is rejected, the sample distribution does not fit the expected 
distributions as hypothesized. 
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• Since the 2Χ  value is computed over all categories, a significant 2Χ  value does not 
specify which categories have been major contributors to the statistical significance. 

• To determine which of the categories are major contributors, the standardized 
residual is computed for each of the categories. 

• The standardized residual is determined as follows: 

• Refer to Formula  
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• When a standardized residual for a category is greater than 2.00 (in absolute 
value), the researcher can conclude that it is a major contributor to the 
significant 2Χ  value. 

• An effect size, which measures how far the observed frequencies deviate from the 
expected frequencies, should be calculated when we find a significant effect. 

• For the Chi-Square Goodness-of-Fit test, we determine the effect size as follows: 

• Refer to Formula  
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Where 

χ obt
2  = the obtained chi-square value 

N  = total sample size across all categories 

K – 1 = number of categories minus one 

• The effect size can range in value from 0 to 1. A value of 0 indicates that the 
sample proportions are exactly equal to the hypothesized proportions (i.e., O = E), 
while a value of 1 indicates that the sample proportions are as different as possible 
from the hypothesized proportions. 

 

II. FREQUENCIES, TWO-SAMPLE CASE AND K-SAMPLE CASE: 2Χ  TEST OF 
 HOMOGENEITY 

• This has also been called the Test of Independence… 

• In the goodness-of-fit test, there was one variable that contained two or more categories. 

• We can extend this analysis to more than one variable where each variable has two or 
more categories. 

 

A. DETERMINATION OF THE EXPECTED FREQUENCIES 

• In the one-sample case, the statement of the null hypothesis determines the expected 
frequencies. 
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• For the test of homogeneity, the expected frequencies are computed, based on the 
percentages in the marginal totals. 

• The most convenient way to calculate the expected frequency for each cell is to 
multiply the total row frequency (fr) by the total column frequency (fc) corresponding 
to the respective cell and then to divide this product by the total frequency (n). 

• Refer to Formula  
n

ff cr ×
= frequency  Expected  

• Notice that the sum of the expected frequencies for any row or column equals the 
respective row or column total. This can be a useful check of the calculations. 

 

B. DETERMINATION OF THE DEGREES OF FREEDOM 

• For the one-sample case, it is relatively simple to define the degrees of freedom 
associated with the 2Χ  statistic. 

• The degrees of freedom are equal to the number of categories minus one (K – 1). 

• The degrees of freedom for the test of homogeneity are similarly defined. 

• For a 2 × 2 contingency, once the expected frequency for any one cell is 
determined, the expected frequencies for the remaining cells can be determined. 

• The general formula for determining the degrees of freedom associated with the 2Χ  
statistic for any R × C contingency Table is as follows: 

• df = (Number of rows – 1)(Number of columns – 1) 

• Refer to Formula  (R – 1)(C – 1) 

 

C. COMPUTATION OF 2Χ  

• The 2Χ  value can be calculated using the following formula : 
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• For a 2 × 2 contingency table, the computational formula can be simplified to the 
following: 

• Refer to Formula  
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Where A, B, C, and D are the observed cell frequencies of the 2 × 2 contingency 
table. 

A B 

C D 
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• If the computed 2Χ  value does not exceed the critical value, the null hypothesis is not 
rejected (i.e., retained). 

• The conclusion is that the two categories are homogeneous (independent) of 
each other. 

• We can use the SPSS printout for evaluating the significance of Chi-Square. 

• The 2Χ  test used for this example is the “Pearson Chi-Square.” 

• Compare the Sig. value to the a priori alpha level… 

• You will note that the observed and expected frequencies are included (if selected 
as an option), as well as the “Residuals,” which are the differences between the 
observed and expected frequencies. 

• The standardized residuals can be requested as part of the SPSS analysis – 
simply by selecting the Standardized option… 

• NOTE however, that the “residuals” are not Standardized Residuals… 

• The standardized residuals are needed (and used) to determine which 
categories are contributors to a significant Chi-Square. 

• If the Chi-Square is not significant – we do not need to examine the 
standardized residuals. 

• If the computed 2Χ  value exceeds the critical value, the null hypothesis is rejected. 

• The conclusion is that the two categories are not the same (not homogeneous), 
that is, they are not independent of (i.e., dependent on) each other. 

• Remember, the 2Χ  value is computed over all cells, and a significant 2Χ  value 
does not specify which cells have been major contributors to the statistically 
significant 2Χ  value. This is done by computing the standardized residuals (R) for 
each of the cells. 

• When a standardized residual for a category is greater than 2.00 (in absolute 
value), the researcher can conclude that it is a major contributor to the significant 

2Χ  value. 

• There are a number of indices (i.e., measures of effect size) that assess the strength of 
the relationship between row and column variables. They include the contingency 
coefficient, phi, Cramér’s V, lambda, and the uncertainty coefficient. Most 
researchers focus their attention on two of these coefficients, phi and Cramér’s V. 

• The phi coefficient for a 2 × 2 contingency table is a special case of the Pearson 
product-moment correlation coefficient for a 2 × 2 contingency table. Because 
most behavioral researchers have a good working knowledge of the Pearson 
product-moment correlation coefficient, they are likely to feel comfortable using 
its derivative, the phi coefficient. Phi, �, is a function of the Pearson chi-square 
statistic, χ 2 , and sample size, N: 
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• Refer to Formula  
N

2

  
χ=Φ  

• Like the Pearson product-moment correlation coefficient, the phi ranges in value 
from -1 to+1. Values close to 0 indicate a very weak relationship, and values close 
to +1 indicate a very strong relationship. If the row and column variables are 
qualitative (i.e., categorical or nominal), the sign of phi is not meaningful and any 
negative phi values can be changed to positive values without affecting their 
meaning. By convention, phi’s of .10, .30, and .50 represent small, medium, and 
large effect sizes, respectively. However, what is a small versus a large phi should 
be dependent on the area of investigation. 

• If both the row and column variables have more than two levels, phi can exceed 1 
and, therefore, is hard to interpret. Cramér’s V rescales phi so that it also ranges 
between 0 and 1: 

• Cramér’s V can be seen as a simple extension of phi. Note with k = 2, it is phi. 

• Refer to Formula  

V = 
)1(

2

−kN
χ

 Where N = Sample size, k = the smaller of R and C. 

• The problem with Cramér’s V is that it is hard to give it a simple intuitive 
interpretation when there are more than two categories and they do not fall on an 
ordered dimension. 

 

D. SMALL EXPECTED FREQUENCIES IN CONTINGENCY TABLES 

• When the expected frequencies in any of the cells of a 2 × 2 contingency table are 
small (less than 5), the sampling distribution of 2Χ  for these data may depart 
substantially from continuity (the state of being continuous). 

• Thus, for the theoretical sampling distribution of 2Χ  for 1 degree of freedom may 
poorly fit the data. 

• For this situation, an adjustment, called the Yates’ correction for continuity, 
has been suggested for application to these data. 

• The correction merely involves reducing the absolute value of each numerator 
by 0.5 units before squaring. 

• The argument for using or not using Yates’ correction is largely split – it becomes a 
judgment call on the part of the researcher. Simply know that it is an option… 
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