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Understanding Chi-Square Tests for Categorical Data Analysis in SPSS

Introduction: Understanding the Power of the Chi-Square Test

The Chi-Square Test of Independence stands as a foundational non-parametric statistical tool

widely employed across diverse fields, including the social sciences, medical research, and market
analysis. Its primary purpose is to rigorously assess whether a statistically significant relationship
or association exists between two or more categorical variables. This test is indispensable when

researchers are working with nominal or ordinal data, where observations are classified into
distinct categories rather than measured along a continuous numerical scale. The theoretical
backbone of the test involves a critical comparison: contrasting the observed frequencies (the
actual counts derived directly from the sample data) against the expected frequencies, which
represent the theoretical counts one would anticipate if the variables were perfectly independent of
one another.

Grasping the methodology for interpreting the results of this powerful test is absolutely crucial for
researchers aiming to make evidence-based, informed decisions. While the underlying calculation
can be performed manually, advanced statistical software, notably SPSS Statistics, efficiently

automates the entire process. SPSS generates clear, concise output tables that encapsulate the
necessary key statistics required for formal hypothesis testing. Our focus must be on
systematically navigating this output to correctly identify the test statistic itself, the degrees of
freedom (df), and the associated P-value, allowing us to draw valid and reliable conclusions
regarding the relationship between the variables under study.

This comprehensive guide provides a detailed walkthrough using a practical SPSS application. We
will meticulously illustrate the step-by-step procedure for running the test and, most importantly,
establish a robust framework for interpreting the resulting tables. This framework will enable you to
definitively determine if the observed association between your categorical variables is statistically
significant.

Preparing Data in SPSS: An Example of Gender and Political Preference

To effectively demonstrate the practical application of the Chi-Square Test of Independence, let us
consider a common research scenario. A political scientist seeks to explore whether an individual's
declared gender is associated with their preferred political party affiliation. Both factors--gender
and party preference--are discrete, categorical variables, making the Chi-Square test the most
appropriate analytical method for this investigation.

For this illustrative example, data was collected using a simple random sample comprising 50

registered voters. Each participant was classified according to their declared gender (e.g., Male,
Female) and their chosen political affiliation (e.g., Democrat, Republican, Independent). The
overarching goal of the analysis is to determine if the distribution of political party preference varies
significantly depending on the respondent’'s gender.
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Before any statistical analysis can begin, the data must be properly structured and entered into
SPSS Statistics. The image below provides a visual illustration of how the raw data should appear
within the SPSS Data View, where every row represents a single registered voter and the columns
correspond to the respective categorical variables:
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13 Female Ind
14 Male Rep
15 Male Rep
16 Female Dem
17 Male Ind
18 Female Ind
19 Female Rep
20 20 Male Dem
21 |21 Male Dem
22 22 Female Ind

Step-by-Step Execution of the Chi-Square Test in SPSS

Once the categorical data has been accurately input and variables have been defined within
SPSS, executing the Chi-Square Test of Independence is a streamlined process. This procedure
involves navigating the descriptive statistics menu to generate the necessary cross-tabulation table
and simultaneously requesting the specific Chi-Square calculations that form the basis of the test.

The process initiates from the main menu bar of SPSS. The user must first click the Analyze tab,
subsequently select Descriptive Statistics, and finally click on Crosstabs. This crucial sequence
of actions opens the primary dialog box required for configuring the cross-tabulation and
commencing the formal independence test.

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://statistics.arabpsychology.com/?p=18094
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

Understanding Chi-Square Tests for Categorical Data Analysis in SPSS

Transform

= N

oa Party
Rep
Dem
Ind
Ind
Rep
Rep
Dem
Dem
Dem
Rep
Rep
Dem
Ind
Rep
Rep
Dem
Ind

InA

Power Analysis

Meta Analysis

Reports

Descriptive Statistics
Bayesian Statistics
Tables

Compare Means and Proportions
General Linear Model
Generalized Linear Models
Mixed Models

Correlate

Regression

Loglinear

Neural Networks

Classify

Dimension Reduction

Mapping

Cmmln

Analyze  Graphs  Utilities  Extensions

>

Window  Help

E 1,3 @ *

Q Search appl

Frequencies...

(%] Descriptives. ..
Population Descriptives
Percentiles. ..

£, Explore...

TURF Analysis
Crosstabs...

[Z] Ratio_ ..
P-P Plots...

Two-Variable or Group Q-Q Plot

s Q-Q Plots...

Within the subsequent Crosstabs dialog window, the two variables must be correctly assigned to

their respective roles. Although the mathematical outcome of the Chi-Square test remains

unchanged regardless of placement, conventional practice dictates placing the potential

independent variable into the Rows panel and the dependent variable into the Columns panel.

Following our example, the Gender variable should be dragged into the Rows panel, and the

Party variable should be moved to the Columns panel. This organizational setup determines the

final orientation and structure of the resulting contingency table presented in the output viewer.
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The next critical step is specifying which counts should be displayed within the output table, as this
information is vital for both manual inspection and detailed interpretation. Click the Cells button to
open the Cell Display dialog box. Inside this box, it is essential to ensure that the check boxes
adjacent to both Observed and Expected are selected. Displaying the observed counts reveals
the actual empirical distribution of the data, while the expected counts--the hypothetical
distribution assuming perfect independence--are fundamental for understanding the mechanical
calculation of the Chi-Square test statistic. Once these options are selected, click Continue.
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Finally, to instruct SPSS to compute the necessary test statistic, click the Statistics button. In the
Statistics dialog box that appears, you must check the box next to Chi-square. This ensures that
the primary output table containing the calculated Chi-Square value, the degrees of freedom, and
the crucial asymptotic significance (P-value) is generated. After confirming this selection, click
Continue, and then click OK in the main Crosstabs dialog box to execute the analysis and

produce the complete statistical output.
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Detailed Interpretation of the SPSS Output Tables

The SPSS Output Viewer organizes the analysis results into several distinct tables, each providing
a necessary component for a comprehensive interpretation of the Chi-Square test. For our
purposes, we will focus on reviewing the three primary sections: the Case Processing Summary,
the Crosstabulation, and the Chi-Square Tests table.
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= Crosstabs

Case Processing Summary

Cases
Valid Missing Total
N Percent N Percent N Percent
Gender * Party 50 100.0% 0 0.0% 50 100.0%

Gender * Party Crosstabulation

Party
Dem Ind Rep Total
Gender Female Count 9 7 5 21
Expected Count 8.0 6.3 6.7 21.0
Male Count 10 8 11 29
Expected Count 11.0 8.7 9.3 29.0
Total Count 19 15 16 50
Expected Count 19.0 15.0 16.0 50.0
| Chi-Square Tests
Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square 11182 2 572
Likelihood Ratio 1.140 2 566
N of Valid Cases 50

a. 0 cells (0.0%) have expected count less than 5. The
minimum expected countis 6.30.

Case Processing Summary: Data Validation

The initial table, the Case Processing Summary, functions as an essential quality control check
for the input data. It clearly displays the total number of observations that were included in the
analysis and, critically, indicates how many cases were excluded, typically due to missing data for
one or both variables. In our specific example, the table confirms that there are 50 valid
observations (representing 100% of the sample) and 0 missing observations. If a substantial
percentage of data were missing, it would raise serious concerns regarding the representativeness
of the remaining sample and the ultimate reliability of the test results; fortunately, our current
analysis is free from this complication.

Crosstabulation: Observed vs. Expected Frequencies
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The Crosstabulation table is the core descriptive component of the output, displaying the raw
frequencies for every combination (cell) of the two variables, Gender and Political Party
Preference. Within each cell, you will find two crucial figures: the observed count (the actual
number of people in the sample) and the expected count. The expected count represents the
frequency that would theoretically exist if the two variables were perfectly independent of each
other in the population. The magnitude of the Chi-Square test statistic is directly driven by the
differences--or discrepancies--between these observed and expected counts. The test essentially
calculates the sum of the squared differences between these two sets of counts across all cells,
weighted relative to the expected count.

By visually inspecting this table, researchers can quickly pinpoint where the largest deviations
occur, providing preliminary insight into the nature of any potential relationship. For example, if the
observed count for the cell "Female, Democrat" significantly exceeds its corresponding expected
count, it suggests that, within this sample, females are disproportionately more likely to affiliate with
the Democratic party compared to the overall sample distribution.

Chi-Square Tests: The Hypothesis Testing Statistics

This table, labeled Chi-Square Tests, is arguably the most critical output, as it contains the
specific test statistic and the associated P-value required to formally test the hypothesis. Under the
row labeled "Pearson Chi-Square," we locate the calculated Chi-Square test statistic, which is
1.118, and the corresponding asymptotic significance (the two-sided P-value), which is .572. The
table also clearly specifies the degrees of freedom (df), calculated by the formula (Number of Rows

- 1) * (Number of Columns - 1). While the degrees of freedom are essential for determining the
critical value, the P-value usually provides a more direct path to the final decision.

Drawing Statistical Conclusions and Reporting Findings

Interpreting the final results of the Chi-Square test involves a formal process: articulating the
statistical hypotheses and comparing the calculated P-value to a predetermined significance level
($alpha$), which is conventionally set at 0.05.

The hypotheses for this Test of Independence are formally structured as follows:

HO (Null Hypothesis): The two variables are independent. (In our example: Gender and political
party preference are independent; there is no statistically significant association between them.)

HA (Alternative Hypothesis): The two variables are not independent, meaning they are
associated. (In our example: Gender and political party preference are associated.)

The decision rule applied to the P-value is straightforward:
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If the P-value is less than or equal to the significance level ($alpha=0.05%), we reject the nul

hypothesis ($H_03$).
If the P-value is greater than 0.05, we fail to reject the null hypothesis.

In this specific analysis, the two-sided P-value derived from the SPSS output is .572. Since 0.572
is substantially greater than the conventional alpha level of 0.05, we must conclude that we fail to
reject the null hypothesis.

This statistical conclusion signifies that, based on the data collected from our sample of 50
registered voters, there is insufficient statistical evidence to confidently assert that a significant
association exists between gender and political party preference. In practical terms, the distribution
of party preference among males is similar enough to the distribution among females that the small
differences observed in our sample can reasonably be attributed to natural random sampling
variation. When formally reporting these findings, it is mandatory to state the Chi-Square statistic,
the degrees of freedom, and the P-value clearly: $chi*2(2) = 1.118, p = 0.5723%.

Additional Resources for Statistical Analysis

For readers seeking to further expand their command of statistical analysis using SPSS Statistics,
the following resources provide additional tutorials explaining how to correctly perform other
common statistical tasks and essential tests:
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