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Abstract 

The chi-square test is a Non –Parametric statistical tool used to determine if there is a significant association 

between categorical variables. This paper explores the application of the chi-square test across different fields, 

including healthcare, education, marketing, and social sciences. By examining specific examples, I demonstrated 

how this test aids in decision-making and hypothesis testing. The chi-square test is quite useful in the management 

field for various purposes, including decision-making, quality control, and customer relationship management. I 

examined some few specific applications. 
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Introduction 

The chi-square test is an essential tool in statistical analysis, primarily used for testing relationships between 

categorical variables from a single population. It is used to determine whether there is a significant association 

between the two variables. It can be used to test for comparing variance too. While the χ2 distribution was first 

introduced by German Statistician Fredrich Robert Helmet. The Chi-Square test was first used by Karl Pearson in 

1900.Its versatility makes it applicable in various domains, helping researchers validate hypotheses and draw 

meaningful conclusions from data.  

Conditions for the applications of Chi-Square (χ2)  

 There must be two observed set of data or one observed set and one expected set (Generally there are n-

rows and columns). 

 The number of observations or items must be reasonably large(i.e., normally equal or greater than 50) 

 Expected frequency should not be very small or should not be less than five. 

 Observations recorded and used are collected on random basis. 

 All the times the sample must be independent. 

In the field of Healthcare -Example: Association between Smoking and Lung Cancer 

In healthcare, the chi-square test can determine if there is a significant association between smoking and lung 
cancer. By comparing the observed frequencies of lung cancer cases among smokers and non-smokers with the 
expected frequencies, researchers can assess if smoking significantly impacts lung cancer incidence. 
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Methodology 

1. Collect data on the number of lung cancer cases among smokers and non-smokers. 

2. Calculate the expected frequencies assuming no association between smoking and lung cancer. 

3. Apply the chi-square test to compare the observed and expected frequencies. 

4. Analyze the p-value to determine significance. 

Results 

If the p-value is less than the significance level (commonly 0.05), it is judged as “significant”, association between 

smoking and lung cancer. If p-value is greater than the significance level i.e., 0.05, it is judged as “not significant” 

association between smoking and lung cancer.  

In the field of Education---Example: Gender and Academic Performance 

In the field of education, the chi-square test can be used to examine if there is a significant difference in academic 

performance between genders. This can help educators understand if gender biases exist in academic 

achievements. 

Methodology 

1. Collect data on the academic performance of male and female students. 

2. Calculate the expected frequencies assuming no gender difference in academic performance. 

3. Apply the chi-square test to compare the observed and expected frequencies. 

4. Analyze the p-value to determine significance. 

Results 

A significant p-value indicates that gender may play a role in academic performance differences. 

In the field of  Social Sciences---Example: Voting Behavior and Socioeconomic Status 

In social sciences, the chi-square test can be used to investigate if voting behavior is associated with 

socioeconomic status. This helps in understanding the influence of socioeconomic factors on political choices. 

Methodology 

1. Collect data on voting behavior across different socioeconomic groups. 

2. Calculate the expected frequencies assuming no association between voting behavior and socioeconomic 

status. 

3. Apply the chi-square test to compare the observed and expected frequencies. 

4. Analyze the p-value to determine significance. 

Results 

A significant p-value indicates that socioeconomic status influences voting behavior. 
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Focus on Management  

The chi-square test is quite useful in the management field for various purposes, including decision-making, 

quality control, and customer relationship management. Here are a few specific applications:  

1. Marketing 

Example: Customer Preferences for Product Features 

Marketers often use the chi-square test to analyze customer preferences for different product features. This helps in 

understanding consumer behavior and tailoring products to meet customer needs 

Methodology 

1. Collect data on customer preferences for various product features. 

2. Calculate the expected frequencies assuming equal preference for all features. 

3. Apply the chi-square test to compare the observed and expected frequencies. 

4. Analyze the p-value to determine significance. 

Results 

A significant p-value suggests that customer preferences are not equally distributed across product features. 

2. Market Research 

Example: Understanding Customer Preferences 

Managers can use the chi-square test to determine if there is a significant difference in customer preferences for 

different products or services. For instance, a company might want to know if customer preferences for a product 

vary by age group. 

Methodology: 

 Collect data on customer preferences for different products across various age groups. 

 Calculate the expected frequencies assuming no difference in preferences. 

 Apply the chi-square test to compare the observed and expected frequencies. 

 Analyze the p-value to determine significance. 

3. Employee Satisfaction 

Example: Job Satisfaction Across Departments 

Management can use the chi-square test to analyze whether job satisfaction levels differ significantly across 

different departments within an organization. 

Methodology: 

 Collect data on job satisfaction ratings from employees in different departments. 

 Calculate the expected frequencies assuming equal satisfaction levels across departments. 

 Apply the chi-square test to compare the observed and expected frequencies. 

 Analyze the p-value to determine significance. 
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4. Quality Control 

Example: Defect Rates in Manufacturing 

In quality control, the chi-square test can help determine if the defect rates of products differ significantly across 

different production lines or shifts. 

Methodology: 

 Collect data on the number of defective products from different production lines or shifts. 

 Calculate the expected frequencies assuming no difference in defect rates. 

 Apply the chi-square test to compare the observed and expected frequencies. 

 Analyze the p-value to determine significance. 

5. Training Program Effectiveness 

Example: Impact of Training on Employee Performance 

Managers can use the chi-square test to evaluate the effectiveness of training programs by comparing employee 

performance before and after the training. 

Methodology: 

 Collect data on employee performance ratings before and after the training program. 

 Calculate the expected frequencies assuming no change in performance. 

 Apply the chi-square test to compare the observed and expected frequencies. 

 Analyze the p-value to determine significance. 

6. Sales Analysis 

Example: Sales Performance across Regions 

The chi-square test can be used to assess if there are significant differences in sales performance across different 

regions. 

Methodology: 

 Collect data on sales figures from different regions. 

 Calculate the expected frequencies assuming equal sales performance across regions. 

 Apply the chi-square test to compare the observed and expected frequencies. 

 Analyze the p-value to determine significance. 

Example:  A retail company wants to determine if customer satisfaction levels significantly differ across its three 

store locations (Store A, Store B, and Store C). 
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Data Collection: 

The company surveys 300 customers, and the data collected is summarized as follows: 

 

 

 

 

 

Step-by-Step Analysis: 

1. State the Hypotheses 

 Null Hypothesis (H0): There is no significant difference in customer satisfaction levels across the three 

store locations. 

 Alternative Hypothesis (H1): There is a significant difference in customer satisfaction levels across the 

three store locations. 

2. Calculate the Expected Frequencies 

The expected frequency for each cell in the table is calculated using the formula: 

                      E = (Row Total X Column Total)    

   

                                       Grand Total 

For example, the expected frequency for satisfied customers in Store A is: 

E Satisfied Store A= (180×100) /300 = 60 

Calculate the expected frequencies for all cells: 

Satisfaction Level Store A Store B Store C 

Satisfied 60 60 90 

Neutral 33.33 33.33 50 

Unsatisfied 23.33 23.33 35 

 

 

 

Satisfaction 

Level 

Store 

A 

Store 

B 

Store 

C 

Total 

Satisfied 50 60 70 180 

Neutral 30 25 45 100 

Unsatisfied 20 15 35 70 

Total 100 100 150 300 
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3. Calculate the Chi-Square Statistic 

The chi-square statistic is calculated using the formula: 

  

Where O is the observed frequency and E is the expected frequency. 

For each cell: 

 

For example:  

χ2= (50−60)2 + (60−60)2+ (70−90)2 +⋯ 
           60             60                90 

Calculating for all cells: 

χ2= (−10) 2 +  02  +   (−20) 2 +⋯ 
          60        60          60 

Summing all these values gives the chi-square statistic. 

4. Determine the Degrees of Freedom 

The number of independent variables is called the number of degrees of freedom. In equations, the typical symbol 

for degrees of freedom is ν (lowercase Greek letter nu). The degrees of freedom (df) for a chi-square test are 

calculated using the formula: 

                    df= (Number of Rows−1)×(Number of Columns−1) 

In our case:    df = (3−1)×(3−1) =4 

5. Compare the Chi-Square Statistic to the Critical Value 

We can compare the calculated chi-square statistic to the critical value from the chi-square distribution table at a 

significance level (e.g., 0.05) with 4 degrees of freedom. 

For df=4 and α=0.05, the critical value is approximately 9.488. 

6. Analysis 

If the calculated chi-square statistic is greater than the critical value (9.488), we reject the null hypothesis. This 

suggests that there is a significant difference in customer satisfaction levels across the three store locations. 
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We conducted a chi-square test to examine the association between store location and customer satisfaction levels. 

Depending on the calculated chi-square statistic, we can determine whether there are significant differences in 

satisfaction levels across the stores, guiding the management to address any issues and improve overall customer 

satisfaction. 

Software Needed to Run  

Chi-Square tests can be run in either Microsoft Excel or Google Sheets; however, there are more intuitive 

statistical software packages available to researchers, such as SPSS, STATA and SAS. 

Conclusion 

The chi-square test is a versatile statistical tool that finds application in various fields, providing valuable insights 

into relationships between categorical variables. By understanding these associations, researchers and practitioners 

can make informed decisions and drive progress in their respective domains. 

By applying the chi-square test in these areas, managers can make informed decisions based on data, identify areas 

that require attention, and develop strategies to improve overall performance.  

This outline provides a comprehensive overview of the chi-square test's applications in different fields. Each 

example illustrates the methodology and significance of the test, highlighting its importance in statistical analysis.  
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