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Introduction to the Mann-Whitney U Test

The Mann-Whitney U test, frequently recognized by its alternative title, the Wilcoxon rank-sum test,

is an indispensable statistical procedure within the domain of non-parametric statistics. This highly

versatile methodology is explicitly designed to determine whether two independent sets of samples
are likely to have been drawn from identical population distributions. By facilitating this comparison,
researchers gain the ability to establish whether a statistically significant difference exists between
the two populations under scrutiny. Crucially, the Mann-Whitney U test provides a powerful
alternative to the parametric t-test because it does not require stringent assumptions regarding the
underlying data structure, such as the prerequisite of normality or the homogeneity of variances.
This makes it an exceptionally robust choice when analyzing data that is ordinal in nature, or when
population distributions are unknown or significantly skewed. The core mechanism involves pooling
all observations, ranking them collectively, and then comparing the sum of the ranks for each
sample, effectively simplifying complex distributional comparisons into a measurable rank-based
metric. Understanding the theoretical foundation and mechanical operation of this test is
paramount for conducting rigorous data analysis across diverse fields, including behavioral
science, clinical medicine, and environmental studies.

When executing the Mann-Whitney U test, the primary investigative goal is the assessment of the
null hypothesis ($H_0$), which formally asserts that the central tendencies (typically the medians)

of the two populations are equivalent. The decision to reject or retain this hypothesis hinges
entirely on the calculated U statistic. Should this calculated value fall outside the defined
acceptable range--a boundary established by the critical values--we are empowered to reject the
null hypothesis. This rejection signifies that the observed differences between the two groups are
highly improbable to have occurred merely due to random chance. The enduring strength of the
Mann-Whitney U test is rooted in its notable resilience to the influence of outliers and its minimal
demands concerning data distribution parameters. This makes it a preferred and reliable substitute
for parametric methods, especially when the required assumptions for those tests are
demonstrably violated. Researchers must judiciously select this test when working with smaller
sample sizes or when the measurement scale is not strictly ratio or interval, thereby ensuring that
the resulting statistical inferences are congruent with the inherent characteristics of the collected
data.

Before one proceeds to the actual calculation and testing phase, it is essential to grasp that the
critical values detailed in the subsequent tables are specifically derived for use in two-tailed
hypothesis tests across various standard levels of significance. These tabulated critical values
serve as definitive thresholds, delineating the boundaries of the rejection region for the computed
U statistic. A thorough comprehension of the methodology used to construct these tables and the
correct utilization procedures is absolutely critical for drawing accurate statistical interpretations.
We offer these tables as an exhaustive and authoritative reference designed to significantly
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streamline the final stage of hypothesis testing once the U statistic has been successfully
determined. We strongly encourage all users to not only become proficient in reading and
referencing these tables but also to internalize the underlying theoretical principles that govern the
sampling distribution of the U statistic.

Understanding the Role of Critical Values and Alpha

In the rigorous framework of statistical hypothesis testing, the concept of critical values occupies a
central position in the decision-making process. A critical value is formally defined as a specific
threshold derived directly from the sampling distribution of the chosen test statistic, which, in this
context, is the U statistic. This critical threshold serves to partition the distribution into two distinct
areas: the non-rejection region and the rejection region. For the Mann-Whitney U test, which is
generally considered a lower-tailed test, if the computed U statistic is less than or equal to the
critical value ($U_{calc} le U_{crit}$), the outcome is classified as statistically significant. This
outcome necessitates the rejection of the null hypothesis. Conversely, if the calculated U value

surpasses the critical value ($U_{calc} > U_{crit}$), the observed data is deemed insufficiently
compelling to warrant the rejection of the null hypothesis at the specified level of significance.

The ultimate decision to reject or to fail to reject the null hypothesis is inextricably linked to the
chosen alpha level, commonly represented by the Greek letter $alpha$. The alpha level, also
universally known as the level of significance, quantifies the maximum acceptable probability of
committing a Type | error--the costly statistical mistake of erroneously rejecting a true null
hypothesis. Standardized and commonly employed alpha levels include 0.05, 0.01, and, less
frequently, 0.10. For instance, an alpha level set at 0.05 implies that the researcher accepts a 5%
risk of concluding that a genuine difference exists between the populations when, in reality, no
such difference is present. The specialized tables presented further below meticulously correlate
specific sample sizes ($n_1%$ and $n_2%) with their corresponding critical U values, tailored
precisely for these predetermined alpha levels. The consistent utilization of these tabulated critical
values guarantees standardized, objective, and accurate decision criteria across all statistical
analyses where the Mann-Whitney U test is employed.

It is absolutely imperative to recognize that the overall reliability and integrity of the statistical
conclusion are dependent upon selecting the appropriate alpha level well in advance of initiating
data collection and analysis. A more conservative alpha level, such as 0.01, demands substantially
stronger empirical evidence to justify rejecting the null hypothesis. While this minimizes the risk of
a Type | error (false positive), it simultaneously increases the potential risk of a Type Il error (failing
to detect a real effect). Conversely, a more liberal alpha level, such as 0.10, makes it considerably
easier to attain statistical significance but carries a greater risk of generating a false positive
conclusion. Researchers must carefully weigh the practical consequences associated with both
error types based on the specific context of their study, whether they are conducting highly
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sensitive medical trials or broader exploratory social science inquiries. The diligent and accurate
application of the provided critical value tables ensures precise alignment between the
researcher's chosen significance threshold and the final statistical conclusion derived from the
data.

Navigating One-Tailed vs. Two-Tailed Hypotheses

The critical choice between utilizing a one-tailed (directional) test and a two-tailed (non-directional)
test is fundamentally dictated by the specific formulation of the research hypothesis. A two-tailed
test is the appropriate methodology when the researcher's interest lies solely in ascertaining
whether the two groups exhibit any difference whatsoever, without making any prior prediction
about the direction of that difference (i.e., whether Population A's median is higher or lower than
Population B's median). In this scenario, the total rejection region is distributed equally and
symmetrically across both the lower and upper tails of the sampling distribution, hence the
nomenclature "two-tailed." The vast majority of standardized statistical tables, including the
comprehensive resources provided here, furnish critical values that are specifically calibrated for
this non-directional testing approach, representing the default standard in statistical practice.

The following tables meticulously provide critical values necessary for conducting two-tailed
Mann-Whitney U tests for the standard range of alpha levels. These critical figures constitute the
authoritative reference points essential for precisely determining statistical significance when the
underlying research hypothesis lacks a specified direction. To effectively utilize these resources,
researchers must first identify the corresponding sample sizes of their two groups, $n_1%$ and
$n_2%. By locating the intersection of these two values, the corresponding critical U value
($U_{crit}$) is obtained. If the calculated U statistic from the researcher's data is found to be less
than or equal to this critical value, the difference observed between the two sample distributions is
confidently declared significant at the chosen alpha level. This robust, standardized approach is
universally recommended unless compelling theoretical or substantial empirical evidence explicitly
mandates the prediction of a specific directional difference.

Conversely, a one-tailed test is utilized exclusively when the research hypothesis predicts a
precise, specific direction for the difference (e.g., hypothesizing that the median score of Group A
will be significantly higher than that of Group B). While specialized, dedicated one-tailed Mann-
Whitney U tables do exist, a widely accepted and practical procedure allows for the efficient use of
the standard two-tailed tables for directional testing. For researchers conducting one-tailed tests,
the standard procedure is to double the desired value of alpha and subsequently consult the
appropriate two-tailed table. For example, if a researcher intends to test a directional hypothesis at
an alpha level of 0.05, they must reference the two-tailed table corresponding to $alpha = 0.10%.
This adaptive technique is statistically sound because, in a one-tailed test, the entirety of the
rejection region is concentrated within a single tail, which mathematically corresponds to half the
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significance level used in a two-tailed distribution where the region is split. This flexibility makes the
provided two-tailed tables incredibly versatile for both directional and non-directional statistical
testing scenarios.

Critical Values for Alpha = 0.01 (Two-Tailed)

The significance level set at $alpha = 0.01$ is typically reserved for research contexts where
minimizing the probability of a Type | error (a false positive finding) is of paramount importance.
This highly stringent level indicates that the researcher is only willing to tolerate a maximum of a
1% chance of erroneously rejecting a true null hypothesis. Consequently, when interpreting results

derived at this stringent level, the researcher requires an exceptionally compelling and substantial
disparity between the two sample distributions before the result can be confidently declared
statistically significant. The critical values provided in the corresponding table below accurately
reflect this high standard; they are consistently lower than the values found at higher alpha levels,
meaning that the observed U statistic must be smaller (i.e., more extreme) to successfully fall
within the defined rejection region.

The following table presents the precise critical values required to execute a two-tailed Mann-
Whitney U test under the strict condition that the probability of error is rigorously restricted to one
percent. To ensure the correct application of this table, the user must first identify the sample sizes
of their two independent groups, denoted as $n_1%$ and $n_2$. Locate the intersection point
corresponding to these two values. The numerical value found at this intersection is the critical U
value ($U_{crit}$). If your calculated U statistic is found to be less than or equal to $U_{crit}$, you
are authorized to confidently reject the null hypothesis at the highly demanding $alpha = 0.01$
level. This elevated level of statistical confidence is routinely mandated in high-stakes
environments such as clinical drug trials, rigorous scientific validation studies, or any research
domain where the tangible cost or consequence of a false positive conclusion is substantial.

Alpha = .01 (two-tailed)
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Consulting this specialized resource dramatically streamlines the essential final step of hypothesis
testing, guaranteeing that the final decision is grounded in established and widely accepted
statistical standards. It is important to remember that these critical values are exclusively valid for
smaller sample sizes (typically when both $n_1$ and $n_2$ are 20 or less). For research involving
larger samples, the normal approximation method for the U statistic must be employed instead,
which involves the calculated U statistic being converted into a Z-score, which is then compared
against the standard Z-distribution tables. However, for studies that involve limited numbers of
participants, this critical value table remains the most accurate, precise, and direct method
available for determining the statistical significance of the findings.

Critical Values for Alpha =0.05 and 0.10

The alpha level established at 0.05 is unequivocally the most frequently adopted threshold across
the spectrum of academic research, holding particular prominence within the social, behavioral,
and general scientific disciplines. This standard level signifies that the researcher accepts a
reasonable 5% chance of committing a Type | error. The 0.05 standard is valued because it
successfully strikes a crucial balance, avoiding the excessive strictness of $alpha=0.01$ while
maintaining more control than the leniency of $alpha=0.10$. This balance provides a universally
accepted benchmark for sufficient statistical evidence. The critical values specifically associated
with $alpha = 0.05% inherently permit an easier, though still rigorous, rejection of the null
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hypothesis compared to the 0.01 level, yet they still ensure a high degree of confidence in the
observed findings.

The following table meticulously presents the critical values necessary for performing the two-tailed
Mann-Whitney U test at the widely accepted 0.05 significance level. Alpha = .05 (two-tailed).
Careful comparative inspection will reveal that for identical pairs of sample sizes ($n_1$ and

$n_2$), the critical U values listed in this table are consistently larger than those listed in the
$alpha = 0.01$ table. This relationship is entirely logical and expected: a larger critical value
implies that the calculated U statistic does not need to be as extremely small or unusual to be
declared significant, precisely reflecting the increased willingness to risk a Type | error that is
inherent in adopting a higher alpha level. Utilizing this table correctly demands the identical
process applied to the previous table: locate the precise intersection of the sample sizes, identify
the corresponding critical value, and perform the final comparison against the calculated U statistic.
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Finally, we provide the reference material for the $alpha = 0.10$ significance level. This level is
periodically employed, often in the context of exploratory research, pilot studies, or initial screening
processes where the primary research objective is prioritizing the detection of any potential effect,
even if weak, over the stringent control of the Type | error rate. Alpha = .10 (two-tailed). As
previously established, this table serves a crucial dual purpose, being the required reference for
conducting one-tailed tests at the standard 0.05 level (by doubling the one-tailed alpha).
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Predictably, the critical values presented in this table are the largest of the three sets, accurately
reflecting the most lenient requirement for achieving statistical significance and accepting the
lowest bar for evidence of an effect.
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Practical Application and Interpretation

To utilize these critical value tables effectively and ethically, researchers must first execute the
crucial preparatory step of meticulously calculating the U statistic, which is derived directly from the
collective ranks of their pooled data. The resulting calculated U value serves as a quantitative
measure of the degree of separation or overlap observed between the two independent groups.
Once this $U_{calc}$ is accurately determined, the subsequent step involves referencing the
appropriate table based on two pre-established parameters: the desired alpha level (0.01, 0.05, or
0.10) and the nature of the hypothesis (one-tailed or two-tailed). The correct selection of the table
is a decisive factor that distinguishes a statistically valid conclusion from a misleading or erroneous
one. A vital procedural reminder must always be observed: when executing a one-tailed test, the
researcher must consult the table that corresponds to precisely twice their intended alpha level
(e.g., use the $alpha=0.10$ table if the directional test is conducted at $alpha=0.053).

The final interpretation resulting from the comparison is fundamentally straightforward but
demands absolute precision. If the calculated U value is found to be less than or equal to the
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critical value ($U_{calc} le U_{crit}$), the outcome is declared statistically significant. This finding
means that the probability of observing such a pronounced difference purely by chance falls below
the chosen alpha level. In this scenario, we decisively reject the null hypothesis and confidently
conclude that the two populations differ significantly in their central tendencies. If, conversely, the
calculated U value exceeds the critical value ($U_{calc} > U_{crit}$), the result is categorized as
not statistically significant. In this latter case, we fail to reject the null hypothesis, maintaining the
conclusion that there is insufficient empirical evidence to firmly suggest a genuine difference exists
between the two populations under investigation.

For researchers who desire a more comprehensive mastery of the computational procedures
involved in deriving the U statistic itself, supplementary educational materials are readily available.
These resources provide step-by-step guidance on ranking and calculation. Read the Mann-
Whitney U Test tutorial here. Achieving proficiency in both the precise calculation procedure and

the correct interpretation and application of the critical values ensures a complete, rigorous, and
defensible application of this fundamental non-parametric test. These provided critical value tables

serve as essential, ready-access reference points for researchers, granting immediate access to
the necessary threshold values required for drawing robust, evidence-based conclusions regarding
differences between independent groups.
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