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Understanding the results of a chi-square test is essential in many fields,
including research, statistics, social sciences, and healthcare. When an
obtained chi-square value surpasses the critical wvalue, it indicates a
significant difference or association in your data. In this article, we will
explore what it means when the obtained chi-square is 10.78, the critical
chi-square is 3.841, and what conclusions can be drawn from this comparison.

What Is the Chi-Square Test?

Definition and Purpose

The chi-square test is a non-parametric statistical test used to determine if
there is a significant association between categorical variables or if
observed frequencies differ from expected frequencies. It assesses whether
the distribution of sample categorical data matches an expected distribution
under the null hypothesis.

Common Types of Chi-Square Tests

— Chi-Square Test of Independence: Examines if two categorical variables are
related.

— Chi-Square Goodness of Fit Test: Checks if observed data fit a specific
distribution.

Understanding the Components of the Chi-Square
Test

Obtained Chi-Square Value

This value, derived from your data, measures the extent of deviation between
observed and expected frequencies. A higher value indicates greater
deviation.

Critical Chi-Square Value

The critical value is determined by the significance level (commonly 0.05)
and the degrees of freedom (df) associated with your test. It acts as a
threshold to decide whether to reject the null hypothesis.



Degrees of Freedom (df)

Degrees of freedom depend on your data's structure, such as the number of
categories or groups. For example, in a contingency table, df is calculated
as:

e For a table: (number of rows - 1) x (number of columns - 1)

Interpreting the Result: The Comparison of
Values

The Given Data

— Obtained Chi Square: 10.78
— Critical Chi Square: 3.841
- Significance Level (a): Typically 0.05

What Does the Comparison Mean?

Since the obtained chi-square (10.78) is greater than the critical wvalue
(3.841), the primary conclusion is that the observed data significantly
differ from the expected data. This indicates that the null hypothesis, which
usually states 'there is no association' or 'no difference,' should be
rejected at the 0.05 significance level.

Implications of the Results

Rejecting the Null Hypothesis

A chi-square value higher than the critical value suggests that the
probability of observing such a deviation purely by chance is less than 5%.
Therefore, there is statistically significant evidence to support the
alternative hypothesis, indicating a relationship or difference exists in
your data.

Understanding the Significance

— Statistical Significance: The result is unlikely due to random variation.
— Practical Significance: While statistical significance indicates a real
effect, the magnitude and practical importance should be considered
separately.

Practical Examples of the Conclusion



Example 1: Testing for Association Between Gender and
Preference for a Product

Suppose you conduct a survey to see if gender influences product preference.
After performing the chi-square test:

— Obtained chi-square = 10.78

— Critical chi-square at 0.05 significance = 3.841

Since 10.78 > 3.841, you conclude that there is a significant association
between gender and product preference.

Example 2: Assessing the Distribution of Disease
Incidence

In epidemiology, testing whether disease occurrence differs across age
groups:

- Obtained chi-square = 10.78

— Critical value = 3.841

Again, the conclusion is that age groups are associated with differing
disease incidences.

Factors to Consider When Interpreting Chi-
Square Results

Sample Size

— Larger samples tend to produce more reliable chi-square results.
— Small sample sizes can lead to unreliable results or violate test
assumptions.

Expected Frequencies

— Chi-square tests assume that expected frequencies in each cell are
sufficiently large (usually at least 5).

- Low expected counts can invalidate the test, requiring alternative methods
like Fisher's Exact Test.

Number of Categories and Degrees of Freedom

— More categories increase degrees of freedom, possibly affecting the
critical value.
— Always ensure the degrees of freedom are correctly calculated.

Limitations of the Chi-Square Test



Assumption Violations

- Expected frequencies too low.
- Data not independent.
- Categorical data only.

Interpretation of Significance

— A significant result does not imply causality.
— It merely indicates an association or difference.

Multiple Testing

— Conducting multiple chi-square tests increases the risk of Type I errors.
— Adjust p-values or significance levels accordingly.

Conclusion: What Should Be Concluded?

Given that the obtained chi-square value (10.78) exceeds the critical value
(3.841), the appropriate conclusion is that there is statistically
significant evidence to reject the null hypothesis at the 0.05 significance
level. This indicates that the observed data show a meaningful difference or
association that is unlikely to be due to chance alone.

In practical terms:

- If testing for independence, you can conclude that the variables are
associated.

- If testing for goodness of fit, you can conclude that the observed
distribution does not match the expected distribution.

Important notes:

- Always consider the context of your data and the real-world implications.
— Complement statistical significance with measures of effect size to
understand the strength of the association.

— Ensure that all assumptions of the chi-square test are met before
interpreting the results.

Final Advice:

Use the chi-square test outcomes as a guide for further investigation,
decision-making, or hypothesis refinement. Statistical significance 1is a
powerful tool, but it must be interpreted within the broader research context
for valid and meaningful conclusions.

Frequently Asked Questions

What does an obtained chi-square value of 10.78
indicate when the critical value is 3.8417
It indicates that the calculated chi-square exceeds the critical wvalue,

suggesting a statistically significant result and rejecting the null
hypothesis.



Should the null hypothesis be rejected if the
obtained chi-square (10.78) is greater than the
critical value (3.841)~

Yes, since 10.78 > 3.841, the null hypothesis should be rejected at the
chosen significance level.

What is the significance level implied by the
critical value of 3.8417

The critical value 3.841 typically corresponds to a significance level of
0.05 (5%) for 1 degree of freedom.

What does rejecting the null hypothesis imply in this
chi-square test?

It suggests there is a statistically significant association or difference
present in the data, not attributable to chance.

Can we conclude the variables are independent based
on this chi-square result?

No, since the null hypothesis of independence is rejected, it suggests the
variables are likely associated or dependent.

What is the importance of comparing the obtained chi-
square to the critical value?

This comparison determines whether the observed data significantly deviate
from the expected under the null hypothesis.

If the obtained chi-square was less than 3.841, what
would be the conclusion?

If less than 3.841, we would fail to reject the null hypothesis, indicating
no significant difference or association.

What are the degrees of freedom associated with this
chi-square test if the critical value is 3.8417

Typically, a critical value of 3.841 corresponds to 1 degree of freedom in a
chi-square test.

Is the chi-square test valid if the expected
frequencies are too low?

No, the chi-square test assumptions require expected frequencies to be
sufficiently large (usually at least 5) for valid results.



What is the overall conclusion when the obtained chi-
square (10.78) exceeds the critical value (3.841)°?

The data provides enough evidence to reject the null hypothesis, indicating a
significant association or difference at the 0.05 significance level.

Additional Resources
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In the realm of statistical analysis, the Chi-square test is a fundamental
tool used to determine if there is a significant association between
categorical variables or if observed data significantly deviates from
expected data. When conducting such a test, researchers compare the computed
or "obtained" Chi-square value against a critical value derived from the Chi-
square distribution table, based on the chosen significance level and degrees
of freedom. In this context, an obtained Chi-square of 10.78 has been
calculated, while the critical Chi-square value is 3.841. This article aims
to elucidate what this comparison signifies, how to interpret the results,
and the implications for scientific or practical conclusions.

Understanding the Chi-Square Test: A Primer

Before delving into the specific values, it is essential to understand the
purpose and mechanics of the Chi-square (x?) test.

What Is the Chi-Square Test?

The Chi-square test examines whether there is a statistically significant
difference between the observed frequencies in a dataset and the frequencies
expected under a specific hypothesis. It is widely used in:

— Goodness-of-fit tests: To check if data matches a theoretical distribution.
- Test of independence: To determine if two categorical variables are
related.

— Homogeneity tests: To compare distributions across different samples.

Key Components

— Observed frequencies (O)
- Expected frequencies (E)
- Chi-square statistic (yx?
- E)? / E.

: Actual data counts.
: Counts expected if the null hypothesis is true.
) : Calculated as the sum over all categories of (O

The Significance of the Critical Chi Square Value

The critical Chi-square value serves as a threshold to decide whether the
observed differences are statistically significant.

How Is the Critical Value Determined?

- Significance Level (a): Usually set at 0.05 (5%), indicating a 5% risk of



incorrectly rejecting the null hypothesis.

— Degrees of Freedom (df): Depends on the number of categories or variables
involved.

- Using statistical tables or software, the critical value corresponds to the
chosen a and df.

The Provided Critical Value: 3.841

In this case, 3.841 is a common critical value for a Chi-square test at
a=0.05 with 1 degree of freedom. This suggests that the test involves a
simple comparison, such as a 2x2 contingency table or a single categorical
variable with two levels.

Comparing the Obtained Chi Square to the Critical Value
The core principle of hypothesis testing involves the following:

— Null Hypothesis (H,): Assumes no significant difference or association.
— Alternative Hypothesis (H;): Assumes a significant difference or
association exists.

The decision rule based on the Chi-square statistic is:

- If x? obtained > x? critical, reject H,.
- If yx? obtained < x? critical, fail to reject H,.

Applying this rule to our values:

- Obtained x? = 10.78
- Critical x? = 3.841

Since 10.78 > 3.841, the obtained value exceeds the critical threshold.

Implications of the Results: What Should Be Concluded?

Given the comparison, the conclusion hinges on the hypothesis testing
framework.

Rejecting the Null Hypothesis

— The obtained Chi-square value of 10.78 is significantly higher than the
critical value of 3.841.

- This indicates that the observed data significantly deviates from what
would be expected under the null hypothesis.

— Therefore, the null hypothesis should be rejected at the 0.05 significance
level.

Interpreting the Significance

— In a test of independence: There is a statistically significant association
between the variables.

- In a goodness-of-fit test: The observed data does not fit the expected
distribution.

— In homogeneity tests: The distributions across groups are significantly
different.



Practical Considerations and Caveats

While statistical significance indicates an effect or association, it'’s
essential to interpret the results responsibly.

1. Effect Size and Practical Significance

- A significant result (p < 0.05) does not necessarily imply a large or
meaningful effect.

— Researchers should consider measures like Cramér’s V or odds ratios to
assess the strength of association.

2. Sample Size Impact

— Larger sample sizes can produce significant results even for minor
differences.

— Ensure the sample size is appropriate and that assumptions are met.

3. Assumptions of the Chi-Square Test

— Expected frequencies should generally be at least 5 in each cell.
Observations should be independent.

4. Limitations

— The Chi-square test cannot determine causality.
- It is sensitive to sample size and distribution assumptions.

Summary and Final Remarks

The comparison between the obtained Chi-square value (10.78) and the critical
value (3.841) leads to a clear conclusion:

Since 10.78 exceeds 3.841, the null hypothesis is rejected at the 5%
significance level.

This indicates that the observed data shows a statistically significant
difference or association, depending on the context of the test.

In practical terms:

— If testing for independence, there is evidence of a relationship between
the variables.

— If assessing goodness-of-fit, the data does not conform to the expected
distribution.

— The results suggest that the observed deviations are unlikely to have
occurred by chance.

Researchers and practitioners should further explore the nature of the
association or discrepancy, consider effect sizes, and ensure that the
assumptions of the test are satisfied before drawing definitive conclusions.

In sum, the statistical evidence strongly supports rejecting the null
hypothesis, paving the way for further analysis, interpretation, or action
based on the findings.
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