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Abstract: The Mann-Whitney U test is commonly used to compare two independent groups, especially when the
data do not meet the assumptions required for parametric tests. Although it is widely applied in fields such as
education, psychology, and health sciences, it is often misunderstood or incorrectly interpreted. This paper
provides a clear and practical guide to the Mann-Whitney U test by explaining its key concepts, assumptions, and
step-by-step procedures. It also highlights common mistakes, particularly the tendency to interpret the test as a
direct comparison of medians, and stresses the importance of reporting effect sizes alongside p-values. Using
simple examples and software illustrations, the paper shows how the test can be properly applied in real research
situations. In all, the study aims to help researchers use the Mann-Whitney U test more accurately and confidently
in their analyses

Keywords: Mann-Whitney Test, Independent Group, Wilcoxon Rank-Sum test, Statistical software

INTRODUCTION

In many real-world studies, researchers are forced to analyze data that violate key statistical
assumptions such as normality and homogeneity of variance. Despite the widespread use of parametric
tests like the t-test, the inappropriate application of these methods can lead to misleading conclusions.
This challenge has increased the relevance of nonparametric alternatives such as the Mann-Whitney U
test, particularly in education, health, and social sciences.

The Mann-Whitney U test was developed by Henry Mann and Donald Whitney in 1947 as a
nonparametric alternative to the independent samples t-test. It is also called the Wilcoxon Rank-Sum
Test, because it is mathematically equivalent to the method introduced by Frank Wilcoxon in 1945
(Wilcoxon, 1945). This test was an important advancement in statistics, allowing researchers to compare
groups when data did not satisfy parametric requirements. Over time, the test has become widely
adopted in many research areas, including psychology, education, medicine, and social sciences
(Nachar, 2008; Okeh, 2009). Its continued use reflects its flexibility and robustness, making it a valuable
tool for researchers who work with real-world data that often do not meet ideal conditions.

The main purpose of the Mann-Whitney U test is to determine whether two independent groups
differ in a meaningful way when the data are ordinal or non-normal. The test works by pooling all the
observations from both groups, ranking them from smallest to largest, and then calculating the U
statistic, which represents how often values from one group precede values from the other. A larger
difference in ranks indicates a bigger difference between groups. The Mann-Whitney U statistic is
closely related to the Wilcoxon Rank-Sum statistic, so both tests essentially measure the same thing for
two independent samples (Lin et al., 2021). This approach makes the Mann-Whitney U test a simple yet
powerful method for comparing groups when parametric methods are not suitable. This paper provides
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a comprehensive and practical guide to the Mann-Whitney U test by integrating theoretical foundations,
computational procedures, effect size interpretation, and real-world applications, with a focus on
improving its correct usage in applied research.

Theoretical Background

The Mann-Whitney U test is a nonparametric statistical procedure developed by Mann and Whitney
(1947) to compare differences between two independent groups when the assumptions of parametric
tests are not met. It is commonly used as an alternative to the independent samples t-test, particularly
when data are ordinal, skewed, or contain outliers. The theoretical foundation of the test is based on
rank ordering rather than raw data values, which makes it robust against violations of normality and
homogeneity of variance. By converting observations into ranks, the Mann-Whitney U test focuses on
the relative position of scores within the combined sample, thereby reducing the influence of extreme
values (Pérez et al., 2015). From a theoretical perspective, the Mann-Whitney U test examines whether
two independent samples come from the same population distribution. Rather than directly comparing
means, the test evaluates differences in the central tendency of rank distributions between groups. When
the shapes of the distributions are similar, the test is often interpreted as a comparison of medians
(Wilcox, 2005). The U statistic is derived from the sum of ranks assigned to each group, and its
distribution under the null hypothesis is well established, allowing for the calculation of exact or
asymptotic p-values depending on sample size (Liu & Xie, 2020).

In terms of hypothesis testing, the Mann-Whitney U test is based on the following assumptions: the
null hypothesis (H,) states that there is no significant difference between the two independent groups,
meaning their distributions (or medians, if the shapes are similar) are equal. The alternative hypothesis
(H,) states that there is a significant difference between the two groups, meaning their distributions (or
medians) are not equal.

The importance of the Mann-Whitney U test in theory lies in its flexibility and wide applicability
across disciplines such as education, psychology, health sciences, and social research. It aligns with
distribution-free statistical theory, meaning it does not rely on strict population parameters, which
enhances its usefulness in real-world research settings where ideal conditions are rarely met. As a result,
the test is theoretically grounded in nonparametric inference and continues to be a reliable tool for
analyzing group differences when traditional parametric assumptions are untenable.

Assumptions of the Mann-Whitney U Test

The Mann-Whitney U test is a widely used nonparametric statistical method designed to compare
two independent groups, but its validity depends on several key assumptions (Sedgwick, 2015). First,
the samples being compared must be independent. This means that the selection of participants or
observations in one group should not influence the other group in any way. If the samples are related,
such as measurements taken from the same participants at different times or paired observations, the
results of the Mann-Whitney test may be misleading. In such cases, alternative tests like the Wilcoxon
signed-rank test are more appropriate. Ensuring true independence helps maintain the integrity of the
ranking procedure that underpins the U statistic. Another crucial assumption is the type of data that
can be analyzed. The Mann-Whitney U test is suitable for ordinal, interval, or ratio data. Ordinal data,
such as Likert-scale responses, allow the researcher to rank observations meaningfully, even if the
distances between ranks are not equal (Rutkowski, 2025). Interval and ratio data, which have consistent
measurement scales, also meet the requirements of the test. Using nominal data or data without a logical
order can violate this assumption, rendering the ranking process invalid and the resulting statistical
conclusions unreliable (Norman, 2010). Therefore, careful consideration of the measurement scale is
essential when choosing to apply this test. A final assumption often overlooked is that the distributions
of the two groups should have a similar shape, especially when the goal is to compare medians. If the
distributions differ substantially, the Mann-Whitney test may detect differences in shape or spread
rather than central tendency, leading to misinterpretation of results. Additionally, random sampling
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from the population is assumed to ensure that the groups represent the larger population accurately.
Violations of these assumptions, such as skewed distributions or non-random sampling, can bias the U
statistic and p-values, potentially resulting in incorrect conclusions. Researchers should therefore check
for distributional similarities and ensure sampling procedures are rigorous to preserve the validity of
the analysis.

Flowchart on When to Use the Mann-Whitney U Test

The process starts, as shown in Figure 1, by asking a simple but important question: are you trying
to compare two independent groups? If the answer is no, then the Mann-Whitney U test is not the right
choice, and you should look for another statistical method that better fits your study design. However,
if you are comparing two separate groups, the next step is to examine the type of data you have. The
test works well with continuous data, such as scores, or ordinal data, such as rankings. If your data are
categorical instead, then a different test, like Chi-square, would be more appropriate. After confirming
the data type, you also need to ensure that your observations are independent, meaning each value
comes from a different subject or unit. If the data are related or paired, the Mann-Whitney U test is not
suitable, and a Wilcoxon signed-rank test would be a better alternative. Another key consideration is
whether your data follows a normal distribution. If they do, a t-test is often preferred because it has
greater statistical power. But if the data are not normally distributed, or if the sample size is small, the
Mann-Whitney U test becomes a strong option since it does not rely on normality assumptions. When
all these conditions are met, two independent groups, an appropriate data type, independent
observations, and a non-normal distribution, you can confidently use the Mann-Whitney U test to
compare the groups and determine whether there is a meaningful difference between them.

Figure 1. Flowchart on When to Use Mann-Whitney U Test (Source: Authors’ Creation, 2026)
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Data Requirements and Research Design

The Mann-Whitney U test is designed for research situations involving two independent groups and
requires data that are measured at ordinal or continuous levels. Unlike parametric tests, it does not
assume that the dependent variable is normally distributed, making it appropriate for skewed data,
small sample sizes, or data containing outliers. The key data requirement is that observations must be
independent, meaning each participant or case contributes only one score to the dataset and belongs to
only one group. According to Mann and Whitney (1947), the test compares the relative positions of
scores between groups by ranking the combined data, which allows researchers to examine differences
in distributions rather than relying on mean values.

From a research design perspective, the Mann-Whitney U test is commonly applied in experimental,
quasi-experimental, and non-experimental (survey or observational) studies where random assignment
may not be feasible. The independent variable must consist of two distinct and unrelated groups, such
as male versus female students or treatment versus control groups, while the dependent variable reflects
an outcome of interest. Dehaene et al. (2021) emphasizes that the test is particularly useful in social
science and educational research where assumptions of homogeneity of variance and normality are
often violated, yet meaningful group comparisons are still required.

In terms of sample size and distributional considerations, the Mann-Whitney U test is flexible and
performs well with both small and moderate samples, though larger samples improve statistical power
and allow for normal approximation of the test statistic. The shape of the distributions in the two groups
should be similar if the test is interpreted as a comparison of medians; otherwise, it is more accurately
interpreted as a comparison of overall distributions (Sihombing, 2025). This makes the test well-suited
for applied research contexts where data quality and measurement conditions vary, reinforcing its value
as a robust alternative to the independent samples t-test.

Procedure for Conducting the Test

The first step in conducting a Mann-Whitney U test is to combine and rank the data from both
groups. All observations from the two independent groups are pooled together and ranked from the
smallest to the largest value. If two or more values are tied, they are assigned the average of their ranks.
This ensures that the ranking is fair and accounts for ties in the data.

Next, the rank sums for each group are calculated. This involves adding together all the ranks that
belong to the first group to obtain Ry, and all the ranks for the second group to obtain R,. These rank
sums provide the basis for computing the U statistic and reflect the relative standing of the groups in
the combined ranking. After calculating rank sums, the U-statistics for each group are determined. The
formulas are

n(ny+1
U1:n1n2+ 1( ]é )_Rl
for the first group and
n,(n, +1
U2:n1n2+ 2( 22 )_RZ

For the second group, where n; and n, are the sample sizes of the groups? The smaller of the two U
values is typically used for testing significance. Once the U statistic is computed, significance testing is
performed. For small sample sizes (less than 20 per group), critical values of U from reference tables are
used. For larger samples, the U statistic can be converted to a Z-score using the formulas
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The Z-score is then compared to the standard normal distribution to determine the p-value and test
whether the difference between groups is statistically significant. Finally, the effect size is calculated to
assess the magnitude of the difference between groups. The effect size ris computed as

"TVR
where N is the total number of observations in both groups. Cohen’s guidelines are often used for
interpretation, with r = 0.1 indicating a small effect, 7 = 0.3 a medium effect, and r = 0.5 a large effect.
In reporting the results, the rank sums, the U statistic, the Z-score, the p-value, and the effect size should
all be included. This provides a complete picture of the comparison between the two groups, showing
both statistical significance and the strength of the observed difference.

Applications in Research

The Mann-Whitney U test has been widely employed across multiple research fields due to its
robustness in handling nonparametric data and small sample sizes. In education, for example,
researchers frequently use the test to compare student performance between different teaching methods
or intervention groups, particularly when test scores or survey responses do not meet the assumptions
required for parametric tests. Similarly, in health sciences, the test is applied to evaluate the effectiveness
of treatments or interventions where clinical measurements or patient-reported outcomes are skewed
or measured on an ordinal scale. Within psychology, the Mann-Whitney U test is often utilized to
examine differences in behavioral outcomes, cognitive scores, or attitudes between independent groups,
offering a reliable alternative when data deviate from normality or sample sizes are limited.

One of the primary reasons for the widespread use of the Mann-Whitney U test is its ability to handle
data that violate parametric assumptions. Non-normal distributions are common in social science
research, business studies, and clinical trials, where extreme values or skewed data can distort the
results of traditional t-tests (Vickers, 2005). Additionally, the test is particularly advantageous when
working with small sample sizes, where parametric methods might produce unreliable estimates. It also
allows for the analysis of ordinal data, such as Likert-scale survey responses, enabling researchers to
make valid comparisons between groups without assuming equal intervals between scale points. This
flexibility makes the test especially valuable in exploratory studies and pilot research where data
characteristics are uncertain.

Empirical studies across various disciplines demonstrate the practical application of the Mann-
Whitney U test. For instance, in education research, Khan et al. (2017) found that the Whitney U test has
been used to compare student engagement scores between traditional and online learning groups,
highlighting meaningful differences despite small class sizes. In health sciences, it has been applied to
assess changes in pain levels or quality-of-life measures between control and treatment groups in
clinical trials. In psychology, studies have examined differences in stress or anxiety levels between
experimental and control groups, revealing significant distinctions that might be missed using
parametric methods. Across business and social science research, the test is utilized to compare
customer satisfaction ratings, employee engagement levels, or community survey responses between
independent groups, providing a reliable statistical approach when assumptions for parametric tests
are not met.

Strengths of the Mann-Whitney U Test

One of the key strengths of the Mann-Whitney U test lies in its robustness to outliers (Bakker &
Wicherts, 2014). Unlike parametric tests, such as the independent samples t-test, which can be heavily
influenced by extreme values, the Mann-Whitney test relies on the ranking of data rather than the raw
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numbers themselves. This ranking process minimizes the effect that unusually high or low values have
on the outcome, making the test particularly reliable when datasets include anomalies or skewed
measurements. Researchers often encounter datasets in social sciences, healthcare, and education where
extreme observations naturally occur, and in such cases, the Mann-Whitney U test provides a more
stable and trustworthy comparison between groups (Wonu & Anaekwe, 2023). Another significant
advantage of the Mann-Whitney U test is that it does not require the data to follow a normal distribution.
Many traditional parametric methods assume normality, which is often violated in real-world research,
especially with small sample sizes or ordinal data (Olvera, 2020). The Mann-Whitney test is
nonparametric, meaning it can effectively handle data that are skewed, heteroscedastic, or measured on
an ordinal scale, such as survey ratings or rankings. Its flexibility in accommodating ordinal
measurements further broadens its applicability, allowing researchers to compare groups even when
precise interval-level data are unavailable. This combination of robustness and minimal assumptions
makes the Mann-Whitney U test a powerful and practical tool for analyzing a wide range of datasets.

Limitations and Misconceptions

While the Mann-Whitney U test is widely used for comparing two independent groups, it has several
limitations that researchers should carefully consider. One key constraint is that the test is sensitive to
differences in the shape of the distributions between the groups (Emerson, 2023). If the distributions are
not similarly shaped, the test may not accurately reflect differences in central tendency, and interpreting
the results as a direct comparison of medians can be misleading. Additionally, the Mann-Whitney U
test is specifically designed for independent samples, and therefore cannot be applied to paired or
matched data. In situations involving repeated measures or paired observations, alternatives like the
Wilcoxon Signed-Rank test are more appropriate. Researchers must also be cautious when working with
small sample sizes or highly skewed data, as these conditions can affect the reliability of the test
statistics.

Another area of concern lies in common misconceptions surrounding the interpretation of the test.
Many researchers mistakenly assume that the Mann-Whitney U test compares group means directly,
when in reality it primarily evaluates whether one group tends to have higher or lower values than the
other (Chicco et al.,, 2025). Similarly, it is often misapplied to Likert-scale data without considering
whether treating ordinal responses as interval measurements is justified, which can compromise the
validity of conclusions (Abreh et al., 2025). Furthermore, effect sizes are sometimes ignored, leading to
an incomplete understanding of the practical significance of findings, even when statistical significance
is achieved. Awareness of these misconceptions is essential for conducting robust analyses and
reporting results accurately.

Comparison with Alternative Tests

When comparing the Mann-Whitney U test with alternative statistical methods for analyzing two
independent groups, several options emerge, each with specific strengths and limitations. The
independent samples t-test is the parametric counterpart to the Mann-Whitney test and is most suitable
when the data are continuous, normally distributed, and variances across groups are roughly equal
(Gibbons et al., 1991). When these assumptions are violated, the Welch'’s t-test offers a more flexible
alternative by adjusting for unequal variances, making it robust in situations where group variability
differs significantly. The Kolmogorov-Smirnov test, in contrast, focuses on the overall difference
between cumulative distributions rather than comparing central tendencies, making it useful for
detecting general distributional differences but less intuitive for median or mean comparisons (Zarrin
et al., 2020). For cases where the shapes of distributions differ substantially, the Brunner-Munzel test
offers a more robust nonparametric alternative to the Mann-Whitney test, as it does not rely on the
assumption of similar distributions and provides a more accurate assessment of stochastic dominance
between groups. Finally, permutation tests offer a flexible, assumption-free approach by empirically
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generating the sampling distribution of the test statistic through repeated resampling, which can
provide highly accurate p-values, especially in small or irregular samples.

Despite the availability of these alternative methods, the Mann-Whitney U test remains a preferred
choice under specific conditions. It is particularly advantageous when dealing with small sample sizes
or ordinal data, where parametric assumptions of normality or equal variance cannot be justified. Its
simplicity, computational efficiency, and robustness to outliers make it a practical tool for many applied
research scenarios. However, it becomes less suitable when the distributions of the two groups differ
markedly in shape, as it may then misrepresent differences in central tendency. In such situations,
researchers might prefer the Brunner-Munzel test or permutation-based approaches to obtain more
reliable results. Generally, the choice between these tests depends on the nature of the data, the sample
size, and the specific research question, with the Mann-Whitney U test striking a balance between
simplicity, interpretability, and applicability in nonparametric contexts (Wang et al., 2025).

Reporting Guidelines

When reporting the results of a Mann-Whitney U test in research articles, it is essential to provide a
clear and comprehensive description of the data and analysis (Wonu & Anaekwe, 2023). Authors should
begin by detailing the sample sizes of the two independent groups and include relevant group
characteristics such as age, gender, or other variables that may affect interpretation. Providing these
details helps readers assess the comparability of groups and the reliability of the results. The core
statistical outcomes of the test, specifically the U statistic and the p-value, should be clearly stated. The
U statistic summarizes the rank differences between the two groups, while the p-value indicates
whether the observed difference is statistically significant (White et al., 2022). It is equally important to
report effect sizes, which quantify the magnitude of the difference between groups and give practical
context to the statistical findings. Common measures for effect size in Mann-Whitney analyses include
the rank-biserial correlation and Cliff’s delta, both of which allow readers to understand the strength of
the observed effect beyond p-values alone.

In addition to test statistics, authors should provide descriptive summaries of the data, particularly
the medians and interquartile ranges (IQRs) for each group. Because the Mann-Whitney test is
nonparametric and often used with non-normally distributed data, these measures give a more accurate
picture of central tendency and variability than means and standard deviations. It is also important to
discuss assumption checks, such as confirming the independence of samples and examining whether
the distributions of the groups are similarly shaped, as violations can affect the interpretation of the test.
For example, a proper reporting statement could read: “A Mann-Whitney U test was conducted to compare
test scores between Group A (n =25, median =78, IQR = 12) and Group B (n =27, median = 85, IQR = 10). The
test indicated a significant difference, U = 210, p = 0.03, with a moderate effect size (rank-biserial correlation =
0.38), suggesting that Group B scored higher than Group A.” This approach ensures transparency,
reproducibility, and clarity in conveying statistical results to the reader.

Example 1: Health Study: Comparing Pain Scores

A Mann-Whitney U test was performed to compare pain scores between patients receiving
Treatment X (n = 30, median = 6, IQR = 2) and Treatment Y (n = 28, median =4, IQR = 3). The analysis
revealed a significant difference in scores, U = 280, p = 0.012, with a small-to-moderate effect size (rank-
biserial correlation = 0.32), indicating that patients in the Treatment Y group experienced lower pain
levels than those in Treatment X.

Example 2: Education Study: Comparing Exam Performance

To assess differences in exam performance between students taught using Method A (n =22, median
= 82, IQR = 6) and Method B (n = 24, median = 88, IQR = 5), a Mann-Whitney U test was conducted.
Results indicated a statistically significant difference, U = 160, p = 0.004, with a moderate effect size
(Cliff’s delta = 0.41), suggesting that students in Method B performed better overall.
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Example 3: Social Sciences: Comparing Satisfaction Levels

A Mann-Whitney U test compared job satisfaction ratings between employees in Department 1 (n =
35, median = 4.0, IQR = 0.8) and Department 2 (n = 33, median = 3.5, IQR = 1.0). The test showed no
statistically significant difference, U = 540, p = 0.178, with a small effect size (rank-biserial correlation =
0.15), indicating similar satisfaction levels across departments.

Software Implementation

Software implementation of the Mann-Whitney U test is widely supported in statistical packages
such as SPSS, R, Stata, Python (SciPy), and Jamovi, enabling efficient comparison of two independent
groups without assuming normality. These programs automatically perform rank ordering, compute
the U statistic, adjust for ties, and generate exact or asymptotic p-values, thereby minimizing
computational errors and enhancing analytical accuracy (Mann & Whitney, 1947). The Mann-Whitney
U test is carried out by first pooling the data from the two independent groups and arranging all the
values from the smallest to the largest. Each value is given a rank, and when values are the same, they
share an average rank. The ranks belonging to each group are then added up and used to compute the
U statistic. This statistic is converted into a p-value, which helps the researcher decide whether the
difference between the two groups is statistically significant. The test is especially useful when the data
do not meet the assumptions of normality or are measured on an ordinal scale (Mann & Whitney, 1947).

Interpretation of Results

Interpretation of results in the Mann-Whitney U test begins with examining the U statistic, Z value,
and the associated p-value, which indicate whether there is a statistically significant difference between
the two independent groups. The p-value is compared with the chosen level of significance (commonly
a = 0.05). If the p-value is less than «, the null hypothesis, that the distributions of the two groups are
equal, is rejected, suggesting a meaningful difference between groups. Unlike parametric tests that focus
on mean differences, the Mann-Whitney U test evaluates differences in rank distributions, making it
more appropriate for ordinal or non-normally distributed data (Mann & Whitney, 1947). Beyond
statistical significance, proper interpretation requires assessing group ranks and central tendencies,
such as median scores and mean ranks, which help explain the direction of the difference. Researchers
should compare the median or mean rank of each group to determine which group tends to have higher
or lower values on the outcome variable. For example, a higher mean rank indicates that observations
in that group generally have larger values. Reporting medians rather than means is recommended, as
medians better represent central tendency in nonparametric analysis (Lotsch & Ultsch, 2020). Finally,
interpretation should include an evaluation of effect size, which reflects the practical importance of the
observed difference. Commonly reported effect sizes for the Mann-Whitney U test include the rank-
biserial correlation or the standardized effect size (r), calculated from the Z statistic. According to Cohen
et al. (2007) effect size values provide insight into whether the difference is small, moderate, or large,
regardless of sample size. Also, Dennis and Somerville (2023) emphasis that incorporating effect size
alongside p-values strengthens result interpretation and aligns with best practices in statistical reporting

Working Example: How to Perform the Mann-Whitney U Test Using
SPSS

First and foremost, to perform the Mann-Whitney U test analysis, you must have two variables’ data,
for example, considering data of a researcher who compares mathematics performance between two
independent groups of students (see Table 3):

Group A: Students taught the circle theorem using GeoGebra

Group B: Students taught the circle theorem using traditional methods



Journal of Research in Didactical Sciences | 21

Table 3. Scores of Students taught using ethnomathematics and traditional methods

Group A (Students taught circle theorem Group B (students taught the circle theorem via the
using GeoGebra) traditional method)
78 65
85 70
88 68
90 72
76 66
84 74
73 82
73 62
82 77
95 37
84 75
85 78

a. State the null and alternative hypotheses
b. Rank all the scores together
c. Compute the Mann-Whitney U statistic

d. Interpret the result at a = 0.05

Manual Calculation
a. Hypotheses

Null hypothesis (HO): There is no difference in mathematics performance between students taught
using GeoGebra and those taught using the traditional method.

Alternative hypothesis (H1): There is a difference in mathematics performance between the two
groups.

b. First, combine and rank all 24 scores (smallest = rank 1). For tied values, assign average ranks as
shown in Table 4.
c¢. Maa-Whitey U Statistics

Sample size for individual groups
nyg = ng = 12

Sum of rank for Group A
Z Ry =85+85+12+ 145+ 16.5+ 18.5+ 18.5 + 20.5 + 20.5 + 22 + 23 + 24 = 207

The computation for Maa-Whitey U Statistics is given as;

na(ny +1
UA=nATlB +¥_ZRA
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12(12 +1
UA=(12X12)+¥—207=15

Ugp =nAnB—ZRA= (12 x 12) — 15 = 129

For the test statistics (U), we chose the smaller value = U, = 15

Table 4. Scores Ranking

Score Group Ranks
37 B 1
62 B 2
65 B 3
66 B 4
68 B 5
70 B 6
72 B 7
73 A 8.5
73 A 8.5
74 B 10
75 B 11
76 A 12
77 B 13
78 A 14.5
78 B 14.5
82 A 16.5
82 B 16.5
84 A 18.5
84 A 18.5
85 A 20.5
85 A 20.5
88 A 22
90 A 23
95 A 24

d. Interpretation at @ = 0.05

At the 0.05 level of significance (two-tailed), and with both groups having 12 participants, the critical
value is approximately 37. This means that we reject the null hypothesis if the calculated Mann-Whitney
U value is 37 or less. Since the obtained U value meets this condition, the null hypothesis is rejected.
This means that there is a statistically significant difference in mathematics performance between the
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two groups at the 0.05 level. The results further explain that students taught circle theorem using
GeoGebra (Group A) generally have high ranks, indicating better performance compared to those taught
using traditional methods.

Using SPSS
Step 1: Enter the Data

First, open IBM SPSS Statistics and go to Variable View, where you create two variables: one called
Group (set as numeric, with 1 representing Group A: students taught the circle theorem using GeoGebra
and 2 representing Group B: students taught using traditional methods) and another called Score (also
set as numeric). After that, move to Data View and enter the data in the appropriate columns, as shown
in Figure 1.

Figure 2. Data Entry in SPSS (ver. 23) (Source: Authors, 2026)
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Step 2: Run the Mann-Whitney U Test

To perform the Mann-Whitney U test in SPSS, go to Analyze — Nonparametric Tests — Legacy
Dialogs — 2 Independent Samples, as shown in Figure 3.
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Figure 3. Steps for selecting 2-Independent Samples (Source: Authors’ Creation, 2026)
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Move Scores to the Test Variable List and Groups to the Grouping Variable, define the groups as 1 and
2, as shown in Figure 4. Click on “Continue.”

Figure 4. Moving of Variables and Defining Groups (Source: Authors” Creation, 2026)
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Click on “Option” and select the " Exclude cases listwise under Options, as shown in Figure 5, and
finally click OK to run the analysis and display the results in Table 5.

Figure 5. Selecting Excluding Case Listwise (Source: Authors” Creation, 2026)
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Table 5 shows the results from SPSS (version 23) for comparing students taught the circle theorem
using GeoGebra (Group A) and those taught using the traditional method (Group B) with a Mann-
Whitney U test. The Mann-Whitney U value is 15, which measures the difference in ranks between the
two groups, and the Wilcoxon W value is 93, representing the sum of ranks for one group. The Z value
of -3.294 shows how far the observed difference is from what we would expect if there were no real
difference between the groups.

Table 5. Statistical Results from SPSS (ver. 23) for comparing students taught circle theorem using
GeoGebra (Group A) and the Traditional Method (Group B)

Test Statistics
Scores
Mann-Whitney U 15.000
Wilcoxon W 93.000
V4 -3.294
Asymp. Sig. (2-tailed) .001
Exact Sig. [2*(1-tailed Sig.)] .000®

a.  Grouping Variable: Groups
b. Not corrected for ties

Moreover, the two-tailed p-value (Asymp. Sig.) is 0.001, which is less than 0.05, meaning the
difference is statistically significant, and the exact significance value of 0.000 also supports this result.



26 | Asare, Arthur, Obeng, Alija, Orhani

In simple terms, this means that students taught using GeoGebra performed significantly better than
those taught using the traditional method.

How to Perform an Independent Samples t-Test Via SPSS (ver. 23)

To conduct an independent samples t-test in IBM SPSS Statistics, click on Analyze, select Compare
Means, and then choose Independent-Samples T Test, as shown in Figure 6.

Figure 6. Independent-Samples T Test Analysis Procedure (Source: Authors’” Creation, 2026)
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Next, move the dependent variable (Scores) into the Test Variable(s) box and the grouping variable
(Groups) into the Grouping Variable box, as shown in Figure 7.
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Figure 7. Moving Variables into the Test Variables and the Grouping Variables (Source: Authors’
Creation,
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2026)

After that, click on Define Groups, enter the group codes (1 for GeoGebra and 2 for the traditional
method), and click Continue. Finally, click OK to run the test. The analysis results of the independent
samples t-test are presented in Table 6.

The statistics result (see Table 6) revealed that there was a statistically significant difference between
the two groups, t (22) = 3.588, p = 0.002. Levene’s test for equality of variances was not significant (F =
0.811, p = 0.378), indicating that the assumption of equal variances was met. The mean difference
between the groups was 13.92, with a 95% confidence interval ranging from 5.87 to 21.96, suggesting a
meaningful difference in scores between the groups.

Comparison of the Independent Samples t-Test and the Mann-
Whitney U test

To enhance the robustness and originality of the analysis, both parametric and non-parametric tests
were conducted using IBM SPSS Statistics to compare differences between two independent groups.
Table 7 compares the results of the independent samples t-test and the Mann-Whitney U test. The t-test,
which focuses on comparing group means, showed a value of t =3.588 with a p-value of 0.002, indicating
a significant difference between the groups since the p-value is less than 0.05.
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Table 6. Independent Samples t-test Result

Levene's Test for Equality
of Variances

Std. 95%
F Sig. t df p MD Error cl
Lower Upper
Equal 0.811 0.378 3.588 22 0.002 13.92 3.88 5.87 21.96
variances
assumed
Equal 3.59 17.68 0.002 13.92 3.88 5.76 22.077
variances not
assumed
Table 7. Comparative Results of t-Test and Mann-Whitney U Test
Test Method Focus of Test Test Value p- Decision (a Conclusion
Statistic value =0.05)
Independent Difference t 3.588 .002 Significant There is a
Samples t-Test in means statistically
significant
difference
Mann- Difference U 15.000 .001 Significant There is a
Whitney U Test in statistically
medians/ranks significant
difference

In the same way, the Mann-Whitney U test, which compares median ranks and does not depend on
normality assumptions, also showed a significant result (U = 15.000, p = 0.001). Because both tests
produced significant results, it means that the difference between the groups is real and not due to
chance. The fact that both the parametric and non-parametric tests agree makes the findings more
reliable and strengthens confidence in the results.

DISCUSSION

The Mann-Whitney U test is a useful tool for comparing two independent groups, especially when
real-world data don’t meet the strict requirements of parametric tests like the t-test. Unlike parametric
tests, it doesn’t assume that the data are normally distributed or measured on an interval scale; it only
requires ordinal or continuous data with independent observations (Emerson, 2023). This makes it
particularly helpful in education, psychology, and health research, where small sample sizes, skewed
data, or outliers are common. By focusing on ranks rather than raw scores, researchers can still detect
meaningful differences between groups without the risk of errors that come from using inappropriate
parametric methods. However, the test has some limitations. It assumes that the distributions of the two
groups are similarly shaped, so if the groups differ a lot in spread or shape, a significant result may
reflect differences in overall distribution rather than a true shift in the median (Karch, 2021). Also, when
the data actually meet parametric assumptions, a t-test can be more powerful, which is why it’s
important to consider both the data and research goals before choosing a method. For researchers, the
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Mann-Whitney U test offers a reliable way to analyze data that don’t meet parametric assumptions,
ensuring valid conclusions even with small or skewed samples. For educators, it provides a practical
method to compare student groups, survey responses, or the effects of interventions without needing
perfect normal data. By understanding when and how to use this test, both researchers and educators
can make stronger, evidence-based decisions and better interpret the results of their analyses.

CONCLUSION

The Mann-Whitney U test is a reliable and practical method for comparing two independent groups,
especially when the data are not normally distributed or are measured on an ordinal scale. Ranking the
data instead of using raw values, it reduces the impact of outliers and skewed distributions, making it
useful in fields like education, health, psychology, and social sciences. Its main strength is flexibility,
but it also has limitations: it measures differences in ranks rather than exact medians, which can be
misleading if the groups’ distributions have very different shapes, and it may be less powerful than
parametric tests when normality holds. Compared with t-tests, it works best for small samples or
ordinal data, while t-tests are more appropriate for normally distributed interval data. In all, the Mann-
Whitney U test provides a simple, effective way to examine group differences, as long as researchers
interpret the results carefully, check assumptions, and report effect sizes for practical significance.
Future studies should explore robust alternatives such as the Brunner-Munzel test in cases of unequal
distributions.
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