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Parametric vs. Nonparametric
 Statistical Tests
 Hypothesis tests used thus far tested
 hypotheses about population parameters
 Parametric tests share several assumptions
 Normal distribution in the population
 Homogeneity of variance in the population
 Numerical score for each individual
 Nonparametric tests are needed if research
 situation does not meet all these assumptions
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How Can You Prove that …
 There is a predicable relationship between a
 person’s education background and his/her
 involvement of a local community activity.
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Chi-Square Statistic:
 Tests for Goodness of Fit
 and Independence
 c2
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Can We Use Any Test We Have
 Learned?
 t test
 ANOVA
 Correlation
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Chi-Square
 A nonparametric test
 No need to have a normal distribution
 Categories rather than numerical values
 A test to analyze categorical data Nominal (not ranked)
 Ordinal (ranked)
 A statistical test for table data Categories in tables
 Will observed data significantly differ from what would be expected?
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Two Kinds of Chi-Square Tests
 Goodness of fit Testing the hypothesis about the shape or
 proportions of a population distribution
 Political party association in different states
 Democrats/Republicans
 Eye color distribution
 Independence Testing the relationship between two variables
 Multiple categories for each variables
 Organized as a matrix
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Goodness of Fit
 The category proportions of a population
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Goodness of Fit Null
 Hypothesis
 Specifies the proportion (or percentage) of
 the population in each category
 Rationale for null hypotheses:
 No preference (equal proportions) among
 categories, OR
 No difference in specified population from the
 proportions in another known population
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Goodness of Fit
 Alternate Hypothesis
 Could be as terse as “Not H0”
 Often equivalent to “…population proportions
 are not equal to the values specified in the
 null hypothesis…”
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Goodness of Fit Test Data
 Individuals are classified (counted) in each
 category, e.g., grades; exercise frequency;
 etc.
 Observed Frequency is tabulated for each
 measurement category (classification)
 Each individual is counted in one and only
 one category (classification)
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Expected Frequencies in the
 Goodness of Fit Test
 Goodness of Fit test compares the Observed
 Frequencies from the data with the Expected
 Frequencies predicted by null hypothesis
 Construct Expected Frequencies that are in
 perfect agreement with the null hypothesis
 Expected Frequency is the frequency value
 that is predicted from H0 and the sample size;
 it represents an idealized sample distribution
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e
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 ff 22 )(
 c
 Chi-Square Statistic
 Notation
 c2 is the lower-case Greek letter Chi
 fo is the Observed Frequency
 fe is the Expected Frequency
 Chi-Square Statistic
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Chi-Square Distribution
 Null hypothesis should
 Not be rejected when the discrepancy between
 the Observed and Expected values is small
 Rejected when the discrepancy between the
 Observed and Expected values is large
 Chi-Square distribution includes values for all
 possible random samples when H0 is true
 All chi-square values ≥ 0.
 When H0 is true, sample c2 values should be
 small
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Chi-Square
 Degrees of Freedom
 Chi-square distribution is positively skewed
 Chi-square is a family of distributions
 Distributions determined by degrees of freedom
 Slightly different shape for each value of df
 Degrees of freedom for Goodness of Fit Test
 df = C – 1
 C is the number of categories
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EX. 15.1 A psychologist examining art appreciation selected an abstract
 painting that had no obvious top or bottom. Hangers were placed on
 the painting so that it could be hung with any one of the four sides at
 the top. The painting was shown to a sample of n = 50 participants,
 and each was asked to hang the painting in the orientation that
 looked correct. The following data indicate how many people chose
 each of the four sides to be placed at the top:
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EX. 15.1
 Step 1
 H0: equal distribution
 H1: not equal
 Step: 2
 Critical region
 df = C-1 = 4-1 = 3, a = 0.05 c2=7.81

Page 18
                        
                        

c2
 H0 rejected.
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Report c2 Study
 The participants showed significant
 preferences among the four orientations for
 handing the painting, c2 (3, n =50) = 8.08,
 p<.05)
 Sample size must be specified.
 Different from other tests, where only df
 information is required.

Page 20
                        
                        

Exercise
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c2 vs. t Test
 Non-parametric vs. parametric
 Both can be used for single sample.
 Combined in on study.
 t test to compare the sample mean.
 c2 to evaluate the distribution.
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Example:
 SAT Scores of a Sample
 The mean of the whole sample
 t test: is the sample mean different the population
 mean?
 c2: is the score distribution equal across the
 sample?
 Score categories: <200, 201-400, 401-600, >600
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Test for Independence
 Chi-Square Statistic can test for evidence of
 a relationship between two variables
 Each individual jointly classified on each variable
 Counts are presented in the cells of a matrix
 Frequency data from a sample is used to test
 the evidence of a relationship between the
 two variables in the population using a two-
 dimensional frequency distribution matrix
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Test for Independence
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Computing Expected
 Frequencies
 Frequencies computed by same method for
 each cell in the frequency distribution table
 fc is frequency total for the column
 fr is frequency total for the row
 n
 fff rce
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Computing Chi-Square
 Statistic for Test of
 Independence Same equation as the Chi-Square Test of
 Goodness of Fit
 Chi-Square Statistic
 Degrees of freedom (df) = (R-1)(C-1)
 R is the number of rows
 C is the number of columns
 e
 eo
 f
 ff 22 )(
 c
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Chi-Square Compared to
 Other Statistical Procedures
 Hypotheses may be stated in terms of
 relationships between variables (version 1) or
 differences between groups (version 2)
 Chi-square test for independence and
 Pearson correlation both evaluate the
 relationships between two variables
 Depending on the level of measurement, Chi-
 square, t test or ANOVA could be used to
 evaluate differences between various groups
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E.X. 15.2
 H0
 Version 1: In the general population, there is no
 relationship between parents' rules for alcohol use
 and the development of alcohol-related problems.
 Correlation
 Version 2: In the general population, the distribution
 of alcohol-related problems has the same
 proportions for teenagers whose parents permit
 drinking and for those whose parents do not.
 t test
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df
 (R-1)(C-1) = 1
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Measuring Effect Size
 for Chi-Square
 A significant Chi-square hypothesis test
 shows that the difference did not occur by
 chance
 Does not indicate the size of the effect
 For a 2x2 matrix, the phi coefficient (Φ)
 measures the strength of the relationship
 So Φ2 would provide proportion of
 variance accounted for just like r2
 n
 2
 φc
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Effect size in a larger matrix
 For a larger matrix, a modification of the
 f -coefficient is used: Cramer’s V
 df* is the smaller of (R-1) or (C-1)
 *)(
 2
 dfnV
 c
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EX. 15.2
 179.0200
 381.6φ
 2
 n
 c
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Report the Result
 The results showed a significant relationship
 between parents' rules about alcohol and
 subsequent alcohol-related problems,
 c2(1, n = 200) = 6.381, p < .05, Φ = 0.179.
 Specifically, teenagers whose parents
 allowed supervised drinking were more likely
 to experience problems.
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c2 (Independence) vs. t Test
 Combined to test the difference between two
 samples.
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Example:
 SAT Scores of Two High Schools
 Even if you did not find mean difference with
 a t test, you may be able to find difference in
 score distribution.
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What Factor May Affect the
 c2 Value?
 Sample size
 For a large sample size, even a small effect can
 be statistically significant.
 Measuring the effect size
 The f coefficient
 Considering the influence of the sample size
 Size of expected frequencies
 A small fe could greatly influence the c2 value
 Using large samples to increase fe
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Summary
 c2 tests
 Nonparametric tests
 Less restrictive on the assumption about data distribution
 For categorical data
 c2 formula
 Expected frequencies
 Observed frequencies
 Two kinds of test
 Goodness of fit: distribution in a sample
 Independence: distributions in two samples
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Homework
 Ch 15: 8, 22
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