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Introduction to Dixon's Q Test and the Challenge of Outliers

The presence of outliers within a dataset poses a significant challenge in statistical analysis,

potentially skewing descriptive statistics and invalidating inferential conclusions. An outlier is

defined as an observation point that is distant from other observations, often arising from

experimental error or natural variability. Identifying and addressing these extreme values is a

critical initial step in data cleaning and quality assurance.

Among the various methods developed to detect these anomalies, Dixon's Q Test, frequently

abbreviated as the Q Test, stands out as a simple yet effective statistical tool specifically designed

for small sample sizes. This test provides a quantitative method to determine, with a specified level

of confidence, whether an extreme value in a series of results should be retained or rejected as a

potential outlier.

The primary purpose of applying the Q Test is often found in fields requiring high precision and

reliability, such as analytical chemistry and quality control, where a single erroneous measurement

could compromise the entire analysis. Because it is computationally straightforward, it allows

researchers to quickly assess the consistency of their data points before proceeding with more

complex calculations.

The Underlying Statistical Principle and Formula

The core of the Q Test lies in calculating the test statistic, Q, which measures the gap between the

suspected outlier and its nearest neighbor relative to the overall spread of the data. This ratio

quantifies how "far out" the extreme point truly is. The mathematical formulation for the test statistic

is concise and focuses purely on the difference between the extreme values.

The formula for the Q Test statistic is defined as follows:

Q = |xa - xb| / R

In this expression, xa represents the suspected outlier--which can be either the maximum or

minimum value in the dataset. The variable xb denotes the data point closest to xa. For instance, if

xa is the maximum value, xb is the second-largest value. Crucially, R represents the range of the

entire dataset, calculated as the difference between the absolute maximum and absolute minimum

values (R = Max - Min).

It is vital to properly identify the suspected value (xa) before calculating Q. While the test is most

commonly applied to determine if the absolute maximum value is too large, it can be equally used

to test if the absolute minimum value is unusually small, depending on the context of the data and

the researcher's suspicion.
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Assumptions and Critical Limitations of the Q Test

Although the Q Test is a powerful tool, its valid application depends on satisfying specific statistical

assumptions. Firstly, the test is fundamentally designed for use with relatively small datasets.

While the exact definition of "small" varies, it is generally recommended for datasets containing

fewer than 30 observations (n ≤ 30). Applying the test to very large samples can lead to erroneous

conclusions or reduced statistical power.

Secondly, a core assumption underlying the calculation of the critical values for Dixon's Q Test is

that the underlying population data must be normally distributed. If the data significantly deviates

from a normal distribution, the calculated critical values may not accurately reflect the desired

significance level, potentially leading to incorrect rejection or retention of the null hypothesis.

Practitioners must verify this assumption, perhaps using normality tests or graphical methods,

before relying on the Q Test results.

A critical operational limitation of the Q Test is that it should only be performed once per dataset. It

is strictly a single-outlier detection test. If a researcher were to repeatedly apply the test after

removing a previously identified outlier, the risk of incorrectly rejecting a valid data point (Type I

error) increases dramatically, inflating the overall false rejection rate. Therefore, if multiple outliers

are suspected, alternative, more robust methods should be considered.

Step-by-Step Manual Calculation Example

To illustrate the practical application of Dixon's Q Test, consider the following experimental

dataset consisting of eight observations. We will follow the established procedure for hypothesis

testing to determine if the largest value is statistically an outlier:

1, 3, 5, 7, 8, 9, 13, 25

We can follow the steps outlined below to conduct Dixon's Q Test by hand, determining if the

maximum value in this dataset warrants rejection.

Step 1. State the Hypotheses.

As with all statistical tests, we begin by defining the null hypothesis (H0) and the alternative

hypothesis (Ha). The goal is to determine if the maximum observation is statistically distinct from

the rest of the group.

H0 (Null Hypothesis): The maximum value is not an outlier.

Ha (Alternative Hypothesis): The maximum value is an outlier and should be rejected.

Step 2. Determine the Significance Level.

https://en.wikipedia.org/wiki/Statistical_hypothesis_testing
https://en.wikipedia.org/wiki/Dixon%27s_Q_test
https://en.wikipedia.org/wiki/Normal_distribution
https://en.wikipedia.org/wiki/Statistical_hypothesis_testing
https://en.wikipedia.org/wiki/Statistical_hypothesis_testing
https://en.wikipedia.org/wiki/Null_hypothesis
https://statistics.arabpsychology.com/?p=14205
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Understanding Dixon’s Q Test: A Guide to Identifying Outliers 4

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

We must choose a significance level (α), which dictates the probability threshold for rejecting H0.

Common choices for α are 0.10, 0.05, and 0.01. For this example, we will employ a standard α =

0.05 (or 95% confidence).

Step 3. Calculate the Test Statistic (Q).

We apply the Q Test formula using the values identified from our dataset (n=8):

Suspected Outlier (xa): 25 (the maximum value)

Nearest Neighbor (xb): 13 (the second largest value)

Range (R): Max - Min = 25 - 1 = 24

Substituting these into the formula:

Q = |xa - xb| / R = |25 - 13| / 24 = 12 / 24 = 0.5

The calculated test statistic is Q = 0.5.

Comparing the Test Statistic to Critical Values

Once the test statistic Q is calculated, the next essential step is to compare this value against the

established critical values for Dixon's Q Test. These critical values are dependent on the sample

size (n) and the chosen confidence level (1 - α). If the calculated Q statistic is greater than the

critical value (Qcrit), we have sufficient evidence to reject the null hypothesis.

The critical values for various sample sizes (n) and confidence levels are shown below:

n 90% 95% 99%

3 0.941 0.970 0.994

4 0.765 0.829 0.926

5 0.642 0.710 0.821

6 0.560 0.625 0.740

7 0.507 0.568 0.680

8 0.468 0.526 0.634

9 0.437 0.493 0.598

10 0.412 0.466 0.568

11 0.392 0.444 0.542

12 0.376 0.426 0.522

13 0.361 0.410 0.503

14 0.349 0.396 0.488

15 0.338 0.384 0.475

16 0.329 0.374 0.463
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17 0.320 0.365 0.452

18 0.313 0.356 0.442

19 0.306 0.349 0.433

20 0.300 0.342 0.425

21 0.295 0.337 0.418

22 0.290 0.331 0.411

23 0.285 0.326 0.404

24 0.281 0.321 0.399

25 0.277 0.317 0.393

26 0.273 0.312 0.388

27 0.269 0.308 0.384

28 0.266 0.305 0.380

29 0.263 0.301 0.376

30 0.260 0.290 0.372

Step 4. Reject or Fail to Reject the Null Hypothesis.

Based on the table above, the critical value (Qcrit) for a sample size of 8 and a 95% confidence

level is 0.526. We compare our calculated test statistic (Q = 0.5) to this critical value. Since Q (0.5)

is less than Qcrit (0.526), we do not have sufficient statistical evidence to reject the null

hypothesis (H0).

Step 5. Interpret the Results.

Our failure to reject H0 means we conclude, at the 0.05 significance level, that the maximum

value of 25 is statistically consistent with the rest of the dataset and should not be treated as an

outlier. This retention decision suggests that 25 is likely part of the natural variability of the data,

despite appearing somewhat distant.

Implementing Dixon's Q Test in R

While conducting the Q Test by hand is valuable for understanding the underlying mechanics,

researchers often utilize specialized statistical software for speed and accuracy. The R statistical

environment provides a straightforward function for this purpose within the dedicated outliers

library.

To perform Dixon's Q Test in R, we rely on the dixon.test() function. This function requires the

user to specify the data vector and, optionally, the type of formula used and whether to test the

maximum or minimum value.

dixon.test(data, , type = 10, opposite = FALSE)
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The key parameters for the dixon.test() function are:

data: A numeric vector of data values to be analyzed.

type: Defines the specific variant of the Q Test statistic. Setting type = 10 ensures the use of the

classic formula (the ratio of the gap to the range), as outlined in the manual calculation above.

opposite: A logical parameter (TRUE/FALSE). If set to FALSE (the default), the test checks if the

maximum value is the outlier. If set to TRUE, it tests if the minimum value is the outlier.

Note: Complete documentation for the dixon.test() function can be accessed via the R official

documentation for the outliers library.

R Code Execution and P-Value Interpretation

We now run the R code using the same dataset from our manual calculation example. This allows

us to compare the hand-calculated Q statistic and the conclusion reached using the critical value

method against the automated p-value approach provided by the software.

#load the outliers library

library(outliers)

#create data

data <- c(1, 3, 5, 7, 8, 9, 13, 25)

#conduct Dixon's Q Test

dixon.test(data, type = 10)

# Dixon test for outliers

#

#data: data

#Q = 0.5, p-value = 0.06913

#alternative hypothesis: highest value 25 is an outlier

From the output, we can see that the test statistic is Q = 0.5, matching our manual computation.

More importantly, the corresponding p-value is 0.06913. Using the p-value method, we compare

this result to our chosen significance level, α = 0.05.

Since the calculated p-value (0.06913) is greater than the significance level (α = 0.05), we fail to

reject the null hypothesis. This automated result perfectly matches the conclusion derived from

comparing the test statistic to the critical value: the observation 25 should not be considered an

outlier at the 95% confidence level.
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