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In the realm of statistical analysis, the chi-square test is a widely used
method for assessing relationships between categorical variables. Whether
you're analyzing survey data, experimental results, or observational studies,
understanding how to interpret the chi-square statistic is crucial for
drawing valid conclusions. Imagine you’ve conducted a chi-square test and
obtained a statistic of 3.86. The critical question then becomes: Are these
results statistically significant?

This article will guide you through the process of interpreting a chi-square
value of 3.86, explaining the concept of statistical significance, how to
determine it using degrees of freedom and p-values, and what this means for
your research findings. By the end of this comprehensive guide, you'll be
equipped with the knowledge to assess whether your chi-square results
indicate a meaningful relationship or are likely due to chance.

Understanding the Chi-square Test

What Is the Chi-square Test?

The chi-square test is a non-parametric statistical test used to determine
whether there is a significant association between two categorical variables.
It compares the observed frequencies in each category to the expected
frequencies if there were no association, i.e., under the null hypothesis.

Key applications include:
- Testing independence in contingency tables
- Assessing goodness-of-fit for observed data versus an expected distribution

Components of the Chi-square Test

- Observed Frequencies (0): Actual counts obtained from data.

- Expected Frequencies (E): Counts that would be expected if the null
hypothesis were true.

- Chi-square Statistic (x?): Calculated as:

\[ \chi”2 = \sum \frac{(0 - E)"2}{E} \]

This sum runs over all categories or cells in a contingency table.



Interpreting a Chi-square Statistic of 3.86

When you have derived a chi-square value of 3.86, the next step is to
determine whether this value indicates a statistically significant
result—that is, whether it suggests a real association between variables
rather than a chance occurrence.

Key Concepts for Interpretation

- Null Hypothesis (He): Assumes no association between variables.

- Alternative Hypothesis (Hi): Assumes there is an association.

- Significance Level (a): Usually set at 0.05, representing a 5% risk of
concluding there is an effect when there isn't one (Type I error).

- Degrees of Freedom (df): Depends on the number of categories or groups in
your data.

- P-value: The probability of observing a chi-square value as extreme as or
more extreme than the calculated value, assuming He is true.

To determine significance:

- Compare the chi-square statistic to the critical value from the chi-square
distribution table for your degrees of freedom at the chosen a level.

- Alternatively, compute the p-value corresponding to the chi-square
statistic; if p < a, the result is statistically significant.

Determining Statistical Significance for x2 =
3.86

Step 1: Identify Degrees of Freedom

Degrees of freedom depend on your data's structure:

For a contingency table:

\[ df = (r - 1) \times (c - 1) \]
Where:

- r = number of rows

- ¢ = number of columns

For goodness-of-fit tests:
\[ df = \text{number of categories} - 1 - \text{number of estimated
parameters} \]

Example:
Suppose you have a 2x2 contingency table; then:
\[ df = (2 - 1) \times (2 - 1) = 1 \]



Assumption: For this discussion, let's assume the degrees of freedom is 1,
which is common in simple tests.

Step 2: Find the Critical Value or P-value

Using a Chi-square Distribution Table:
At a significance level of a = 0.05, the critical value for 1 degree of
freedom is approximately 3.84.

Interpreting the Value:

- Since your x2 = 3.86 is slightly greater than 3.84, it exceeds the critical
value.

- This suggests that the result is just statistically significant at the 0.05
level.

Calculating the P-value:
- For x? = 3.86 with 1 df, the p-value is approximately 0.049.
- Since p = 0.049 < 0.05, the result is statistically significant.

Step 3: Conclusion Based on Significance

Because the chi-square statistic of 3.86 exceeds the critical value of 3.84
at 1 degree of freedom and the p-value is below 0.05, the results are
statistically significant at the 5% significance level.

Implication:
You can reject the null hypothesis, indicating evidence of an association
between the variables studied.

Factors Affecting Significance and
Interpretation

1. The Role of Degrees of Freedom

The degrees of freedom significantly influence the critical value. For
example:

| Degrees of Freedom | Critical Value at o=0.05 | Significance Threshold for
X? |
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| 1] 3.84 | x2 > 3.84 |
| 2 | 5.99 | x2 > 5.99 |
| 31 7.81 | x?2 >7.81 |
Key Point:

A chi-square value of 3.86 is only significant at df=1. If df > 1, the
critical value increases, and your result might not be significant.

2. The Significance Level (a)

Commonly set at 0.05, but can be adjusted depending on the context:

- a = 0.01: More stringent, requiring a higher chi-square value for
significance.

- o = 0.10: Less stringent, allowing smaller chi-square values to be
considered significant.

In your case:
With a=0.05, x2=3.86 is just significant at 1 df.

3. Effect Size and Practical Significance

Statistical significance does not necessarily imply practical importance. A
small chi-square value might be statistically significant with large sample
sizes but have limited real-world implications.

Measures of effect size include:
- Cramér’s V: Ranges from 0 to 1, indicating the strength of association.
- Phi coefficient: Used for 2x2 tables.

Additional Considerations in Chi-square Testing

1. Assumptions of the Chi-square Test

Ensure your data meet these assumptions for valid results:

- Expected frequencies in each cell should ideally be at least 5.
- Data should be independent observations.

- The sample should be randomly selected.



2. Limitations of the Chi-square Test

- Sensitive to sample size; very large samples may produce significant
results even for trivial effects.
- Not suitable for small sample sizes or when expected frequencies are low.

3. Alternatives for Small Sample Sizes

- Fisher’s Exact Test: More accurate for small expected frequencies.

Summary: Is Your Chi-square Result of 3.86
Statistically Significant?

- Yes, if the degrees of freedom are 1:

- The critical value at a=0.05 is 3.84.

- Since 3.86 > 3.84, your result is statistically significant.
- The p-value is approximately 0.049, less than 0.05.

- If degrees of freedom are greater than 1:
- The critical value increases; the result may not be significant.

- Implication:
- Statistically significant results suggest evidence against the null
hypothesis, indicating an association between variables.

- Caveats:

- Always consider effect size, sample size, and practical significance
alongside p-values.

- Confirm assumptions of the test are met.

Conclusion

Interpreting a chi-square statistic of 3.86 hinges on understanding the
context of your data, the degrees of freedom, and your chosen significance
level. Under typical conditions with 1 degree of freedom at o=0.05, this
value indicates a statistically significant result, providing evidence to
reject the null hypothesis. However, always contextualize your findings
within the scope of your research, considering both statistical and practical
significance to draw meaningful conclusions.

Remember: The chi-square test is a powerful tool, but its validity depends on
correct application and interpretation. Properly understanding the
relationship between your chi-square statistic, degrees of freedom, and p-
values ensures you make informed, accurate inferences from your data.



Frequently Asked Questions

Suppose you obtain a Chi-square statistic of 3.86.
Are your results statistically significant if your
degrees of freedom are 1 at a 0.05 significance
level?

No, the results are not statistically significant because the critical value
for 1 degree of freedom at the 0.05 level is approximately 3.84. Since 3.86
exceeds this, the result is marginally significant.

Suppose you obtain a Chi-square statistic of 3.86.
Are your results statistically significant if your
degrees of freedom are 2 at a 0.05 significance
level?

No, the results are not statistically significant because the critical value
for 2 degrees of freedom at 0.05 is about 5.99, which is greater than 3.86.

Suppose you obtain a Chi-square statistic of 3.86.
How does the degrees of freedom influence whether
the result is significant?

The degrees of freedom determine the critical value for significance; with
higher degrees of freedom, the critical value increases, making it less
likely that a small Chi-square statistic like 3.86 is significant.

Suppose you obtain a Chi-square statistic of 3.86.
What is the importance of comparing it to the
critical value in determining significance?

Comparing the Chi-square statistic to the critical value helps determine if
the observed association is statistically significant; if the statistic
exceeds the critical value, the result is considered significant.

Suppose you obtain a Chi-square statistic of 3.86.
How can you determine the p-value to assess
significance?

You can use a Chi-square distribution table or statistical software with the
appropriate degrees of freedom to find the p-value corresponding to 3.86; if
the p-value is less than 0.05, the result is statistically significant.



Additional Resources

Chi-square Statistic

When interpreting statistical results, especially in the realm of research
and data analysis, understanding the significance of a calculated chi-square
statistic is crucial. Suppose you obtain a chi-square statistic of 3.86. The
key question then becomes: Are these results statistically significant? To
answer this thoroughly, we need to explore the fundamentals of the chi-square
test, the role of degrees of freedom, significance levels, and how to
interpret the results in context.

Understanding the Chi-Square Test: A Primer

Before diving into whether a chi-square value of 3.86 is significant, it’s
essential to comprehend what the chi-square test measures and how it
operates.

What Is the Chi-Square Test?

The chi-square test is a non-parametric statistical method used to determine
whether there is a significant association between categorical variables or
to assess the goodness-of-fit of observed data to an expected distribution.
It compares observed frequencies (what you actually see) with expected
frequencies (what you would expect under a certain hypothesis).

Common applications include:
- Testing independence in contingency tables

- Evaluating goodness-of-fit for distributions
- Comparing proportions across groups

How Is the Chi-Square Statistic Calculated?

The general formula for the chi-square statistic (\(\chi”2\)) is:
\ [

\chi”2 = \sum \frac{(0 - E)"2}{E}

\1

Where:

- \(0\) = observed frequency



- \(E\) = expected frequency under the null hypothesis

This sum runs across all categories or cells being analyzed. Large values of
\ (\chi”2\) suggest a greater discrepancy between observed and expected
values, potentially indicating statistical significance.

Interpreting the Chi-Square Statistic:
Significance and Thresholds

The core of your query hinges on whether a chi-square statistic of 3.86
indicates significance. The answer depends on several factors:

- The significance level (\(\alpha\))

- The degrees of freedom (df)
- The chi-square distribution table or p-value

Significance Level (\(\alpha\))

This is the threshold probability set before testing, commonly:

- 0.05 (
- 0.01 (1
- 0.10 (

= Ul
D o° o°
00 ~— —

)

A result is considered statistically significant if the p-value (probability
of observing such a result under the null hypothesis) is less than
\(\alpha\).

Degrees of Freedom (df)

Degrees of freedom depend on the context of the test:

number of categories - 1
(rows - 1) x (columns - 1)

- For a goodness-of-fit test: df
- For a test of independence: df

The degrees of freedom influence the shape of the chi-square distribution
curve and, consequently, the critical value against which your statistic is
compared.



Critical Values and P-Values

- Critical Value: The threshold chi-square value at which the p-value equals
\(\alpha\). If your calculated \(\chi”2\) exceeds this, the result is
significant.

- P-Value: The probability of obtaining a chi-square value as extreme as or
more extreme than the observed, assuming the null hypothesis is true.

Calculating or referencing the critical value allows you to determine
significance.

Applying the Concept: Is 3.86 Significant?

To assess whether a chi-square statistic of 3.86 indicates significance, we
need to consider the degrees of freedom and the chosen significance level.

Scenario 1: Common Parameters

Suppose you are conducting a chi-square test of independence with:

- \(df = 1\) (e.g., a 2x2 contingency table)
- Significance level \(\alpha = 0.05\)

Critical value lookup:
From chi-square distribution tables, the critical value at \(df=1\),
\ (\alpha=0.05\) is approximately 3.84.

Interpretation:

- Since your \(\chi”2 = 3.86\) exceeds 3.84, the result is just statistically
significant at the 5% level.

- The p-value associated with \(\chi®2=3.86\), \(df=1\), is approximately
0.049, just below 0.05.

Conclusion:
In this scenario, your result of 3.86 is statistically significant at the 5%
level, indicating that there is likely an association between the variables.

Scenario 2: Larger Degrees of Freedom

Suppose instead:



- \(df=2\)
- Same \(\alpha=0.05\)

Critical value at \(df=2\): approximately 5.99.
Since 3.86 < 5.99, your result is not statistically significant at 5% level.
P-value estimate:

The p-value would be greater than 0.05, around 0.14, indicating weak evidence
against the null hypothesis.

Practical Examples and Implications

Let’s explore practical contexts to better understand the significance
threshold:

Example 1: Testing Gender Preference in a Sample

Suppose you survey 100 people about their preferred beverage, with four
categories (Coffee, Tea, Juice, Water). Your expected distribution under the
null hypothesis is uniform (25 each). You observe:

| Beverage | Observed | Expected |

R R R EEREEREREE |
| Coffee | 30 | 25 |

| Tea | 25 | 25 |

| Juice | 20 | 25 |

| Water | 25 | 25 |

Calculating the chi-square statistic yields approximately 3.86.

- Degrees of freedom: \(4 - 1 = 3\)
- Critical value at \(\alpha=0.05\): approximately 7.81

Since 3.86 < 7.81, the result is not significant at the 5% level, implying no
strong evidence to reject the null hypothesis of uniform preference.

Example 2: Genetic Association Study
You analyze the association between a gene variant and a disease with:

- \(df=1\)
- Calculated \(\chi”®2=3.86\)

Critical value at \(\alpha=0.05\): 3.84

Since 3.86 > 3.84, your result is statistically significant, indicating a



potential association worth further investigation.

Summary: When Is a Chi-Square of 3.86
Significant?

| Parameter | Condition | Interpretation |

R oo R ARAEREREEEE |

| \(df=1\) | Critical value at \(\alpha=0.05\) is 3.84 | Yes, since 3.86 >
3.84, results are statistically significant at 5%. |

| \(df>1\) | Critical value increases with df | Likely not significant if
critical value exceeds 3.86. |

Key Takeaways:

- The significance of a chi-square statistic depends heavily on degrees of
freedom.

- For \(df=1\), a value of 3.86 slightly exceeds the 0.05 significance
threshold.

- For higher degrees of freedom, the critical value is larger, and 3.86 may
not be significant.

- Always compare your calculated \(\chi”2\) to the critical value or directly
compute the p-value to determine significance.

Additional Considerations and Best Practices

1. Context Matters:
Statistical significance does not necessarily imply practical significance.
Results should be interpreted within the context of your research question.

2. Multiple Testing:
If performing multiple tests, adjust significance thresholds using methods
like Bonferroni correction to avoid false positives.

3. Validity of Assumptions:
Ensure that the data meet the assumptions of the chi-square test, including
sufficient expected frequencies (generally at least 5 per cell).

4. Software and Tools:
Use statistical software packages—SPSS, R, Python’s SciPy—to compute p-values
accurately, especially for complex tables.



Final Thoughts

In conclusion, a chi-square statistic of 3.86 can be deemed statistically
significant depending on the degrees of freedom and the significance level
you are applying. For a common scenario with \(df=1\) and \(\alpha=0.05\),
3.86 exceeds the critical value of 3.84, implying significance. However, for
higher degrees of freedom, the same statistic may fall short of significance.

Always interpret chi-square results carefully, considering the context,
assumptions, and the specific thresholds relevant to your analysis. When in
doubt, consult the appropriate statistical tables or software outputs to
determine exact p-values, ensuring robust and reliable conclusions in your
research endeavors.
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