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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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WILCOXON RANK SUM TEST ARE EXPLAINED
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Abstract.
In medical statistics courses, students encounter numerous 

challenges when learning to explain the Wilcoxon rank sum 
test, a widely used nonparametric method for comparing two 
groups or populations. To address these challenges, we posed 
the following question: How can an instructor transform their 
understanding of the Wilcoxon rank sum test to enhance student 
comprehension? To tackle this question, we first reviewed a 
model comprising the components utilized by educators to 
explain the Wilcoxon rank sum test. The MACH model includes 
the components of Methods (M), Analogies (A), Context 
(C), and How (H). Subsequently, we developed instructional 
materials and piloted teaching activities using a MACH 
model. Students who employed the MACH model to guide 
their explanations of the Wilcoxon rank sum test demonstrated 
improvements, alongside some new challenges. Herein, we 
present an instructional design process aimed at cultivating 
pedagogical content knowledge for effective understanding of 
Wilcoxon rank sum test. Our four-stage process can be adapted 
to enhance instruction using various models in life sciences.

Key words. Instructional design, Wilcoxon rank sum test, 
medical students.
Introduction.

The Wilcoxon rank sum test, proposed by Frank Wilcoxon 
in 1945, belongs to the category of non - parametric statistical 
methods [1]. Non-parametric tests do not rely on the specific 
form of the overall distribution. They have relatively relaxed 
requirements for data and are suitable for situations where the 
pre-conditions of parametric tests (such as the t-test which 
requires data to follow a normal distribution) are not met.

Understanding the rank-sum test, particularly in a statistical 
context, poses several challenges for students. Firstly, the 
conceptual foundation of what a rank-sum test entails can be an 
obstacle. The rank-sum test, commonly used in non-parametric 
statistics, compares two independent groups to determine if 
their population distributions differ without making strong 
assumptions about the underlying data. This can be a complex 
concept, especially for students who may not have a solid grasp 
of how ranks are assigned or how they relate to the original 
data. Critical challenge is the interpretation of the results 
produced by the rank-sum test. Unlike mean comparisons in 
parametric tests, students may find it difficult to understand how 
to interpret statistics derived from ranks, especially in terms 
of practical consequences. For example, understanding how 
differences in ranks can indicate differences in distributions 
rather than differences in central tendencies requires a shift in 
thinking that some may struggle with, particularly if they have 

been predominantly trained in parametric methods that focus 
on means and standard deviations. Students must not only state 
null and alternative hypotheses but also comprehend what it 
means to reject or fail to reject the null hypothesis based on rank 
data. The cognitive transition required from thinking about the 
hypotheses in the terms of means to ranks can add an additional 
layer of complexity, real-world applications of the rank-sum 
test in research can sometimes seem abstract to students. They 
may struggle to appreciate when it is appropriate to use this 
test, particularly if alternative methods exist. Addressing these 
obstacles often requires a combination of theoretical grounding 
and practical experience in datasets requiring statistical 
analysis, which may necessitate additional instructional support 
and resources. We proposed a teaching plan process aimed at 
promoting teaching content knowledge in order to achieve an 
effective understanding of the Wilcoxon rank sum test [2].
Materials and Methods.
Introduction of Knowledge Objectives:

Medical students will be able to accurately define the 
Wilcoxon rank sum test, including its underlying principles and 
assumptions.

They will master the key concepts related to the test, such as 
ranks, median, and non - parametric statistics.

Students will understand the differences between the Wilcoxon rank 
sum test and parametric tests like the independent samples t - test.
Skill Objectives:

Students will be proficient in determining when the Wilcoxon 
rank sum test is appropriate to use in medical research, based on 
data characteristics (e.g., non - normally distributed data, small 
sample sizes, or ordinal data).

They will be able to correctly calculate the Wilcoxon rank 
sum statistic by hand, following the step - by - step ranking and 
summing procedures.

Students will learn to use statistical software (e.g., SPSS, R) to 
perform the Wilcoxon rank sum test and interpret the resulting 
output accurately.
Attitude Objectives:

Foster an interest in statistical methods among medical 
students, reducing their anxiety towards statistical analysis.

Encourage students to think critically about data analysis in 
medical studies and understand the importance of choosing the 
right statistical test for valid results.
Introduction to Non - Parametric Tests:

Provide an overview of the classification of statistical tests, 
highlighting the distinction between parametric and non - 
parametric tests.
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Explain the situations where non - parametric tests are 
preferred, such as when data do not meet the assumptions of 
parametric tests (e.g., normality, homogeneity of variance).
Principles of the Wilcoxon Rank Sum Test:

Describe the basic idea behind the Wilcoxon rank sum test, 
which focuses on comparing the distribution of two independent 
samples by ranking the combined data from both samples.

Illustrate how ranks are assigned to the data points and how 
the rank sums for each sample are calculated.

Explain the null hypothesis and alternative hypothesis for 
the Wilcoxon rank sum test in the context of medical research 
questions (e.g., comparing the effectiveness of two treatments).
Calculation methods:

Demonstrate the manual calculation process of the Wilcoxon 
rank sum statistic. Start with a small - scale example data set, 
showing how to combine the data from two samples, assign 
ranks, and calculate the rank sums for each sample.

Discuss the correction for tied ranks and its impact on the 
calculation of the test statistic.
Application in medical research:

Present real - world medical research examples where the 
Wilcoxon rank sum test has been used. Analyze the research 
questions, data collection methods, and how the test results 
contributed to the study conclusions.

Encourage students to identify potential research scenarios in 
the medical field where the Wilcoxon rank sum test could be 
applied.
Interpretation of results:

Teach students how to interpret the Wilcoxon rank sum test 
results, including understanding the significance level (p - 
value), critical values, and how to draw conclusions based on 
the comparison between the calculated test statistic and the 
critical value.

Explain how to report the results of the Wilcoxon rank sum 
test in a scientific paper, following the appropriate statistical 
reporting standards.
Analogies (A).

We investigate the total number of combinations for randomly 
selecting numbers from 1 to 5, where these numbers represent 
ranks. We calculate the sum of the selected ranks, referred to 
as the rank sum, and examine the distribution characteristics of 
the rank sum. The combinations are categorized based on the 
number of elements extracted, ranging from zero to five. For 
zero extractions, there is only one combination: the empty set, 
which results in a sum of zero. When extracting one number, 
we have five combinations: {1}, {2}, {3}, {4}, and {5}, with 
corresponding sums of 1, 2, 3, 4, and 5. For two numbers, we 
calculate the combinations using the formula C(5, 2), yielding 
ten combinations: {1,2}, {1,3}, {1,4}, {1,5}, {2,3}, {2,4}, 
{2,5}, {3,4}, {3,5}, and {4,5}, with sums of 3, 4, 5, 6, 5, 6, 7, 
7, 8, and 9. When extracting three numbers, the combinations 
include {1,2,3}, {1,2,4}, {1,2,5}, {1,3,4}, {1,3,5}, {1,4,5}, 
{2,3,4}, {2,3,5}, {2,4,5}, and {3,4,5}, resulting in sums of 6, 7, 
8, 8, 9, 10, 9, 10, 11, and 12.

The combinations of four numbers include: {1,2,3,4}, 
{1,2,3,5}, {1,2,4,5}, {1,3,4,5}, and {2,3,4,5}, with their 
corresponding sums being 10, 11, 12, 13, and 14, respectively. 
Additionally, the combinations of five numbers, {1,2,3,4,5}, 
has a sum of 15. By summing the combination counts from 
the various scenarios, the total number of combinations can be 
calculated as 1 + 5 + 10 + 10 + 5 + 1 = 32. This comprehensive 
analysis provides insights into the combinatorial nature of data 
extraction and its implications for further research.

Table 1 and Figure 1 illustrate the distribution of the rank 
sum for ranks ranging from 1 to 5. As shown in Table 1, the 
relative frequencies of the rank sum equaling 1 and 15 are both 
0.03125. Therefore, the combined relative frequency for these 
two occurrences is 0.0625, which exceeds the significance level 
of 0.05.

We further investigate the total number of combinations 
for randomly selecting numbers from 1 to 8. These numbers, 
ranging from 1 to 8, represent ranks. We calculate the sum of 
these selected ranks, referred to as the rank sum, and examine the 
distribution characteristics of the rank sum. We were surprised 
to find that the probability of the rank sum being less than or 
equal to 3 plus the rank sum being greater than or equal to 33 is 
0.0390625. The event where the rank sum is less than or equal to 
3, in conjunction with the rank sum being greater than or equal 
to 33, represents a small probability event. Table 2 and Figure 2 
illustrate the distribution of the rank sum for ranks ranging from 
1 to 8. It can be clearly seen from Figure 2 and Table 2 that when 
the rank sum is particularly large or particularly small, that is, 
when the rank sum reaches the extreme value, the probability of 
its occurrence will decrease.

Figure 1. Bar chart of the distribution of rank sum when the ranks 
range from 1 to 5.
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Table 2. The distribution of rank sum when the ranks range from 1 to 8.

Rank sum Frequency Relative 
Frequency 

Cumulative 
Frequency 

0 1 0.00390625 0.00390625
1 1 0.00390625 0.00781250
2 1 0.00390625 0.01171875
3 2 0.00781250 0.01953125
4 2 0.00781250 0.02734375
5 3 0.01171875 0.03906250
6 4 0.01562500 0.05468750
7 5 0.01953125 0.07421875
8 6 0.02343750 0.09765625
9 7 0.02734375 0.12500000

10 8 0.03125000 0.15625000
11 9 0.03515625 0.19140625
12 10 0.03906250 0.23046875
13 11 0.04296875 0.27343750
14 12 0.04687500 0.32031250
15 13 0.05078125 0.37109375
16 13 0.05078125 0.42187500
17 13 0.05078125 0.47265625
18 14 0.05468750 0.52734375
19 13 0.05078125 0.57812500
20 13 0.05078125 0.62890625
21 13 0.05078125 0.67968750
22 12 0.04687500 0.72656250
23 11 0.04296875 0.76953125
24 10 0.03906250 0.80859375
25 9 0.03515625 0.84375000
26 8 0.03125000 0.87500000
27 7 0.02734375 0.90234375
28 6 0.02343750 0.92578125
29 5 0.01953125 0.94531250
30 4 0.01562500 0.96093750
31 3 0.01171875 0.97265625
32 2 0.00781250 0.98046875
33 2 0.00781250 0.98828125
34 1 0.00390625 0.99218750
35 1 0.00390625 0.99609375
36 1 0.00390625 1.00000000

Context (C) and application scenarios.

Data that do not meet parametric test assumptions:
When the data do not follow a normal distribution, or the 

variances are not homogeneous, traditional parametric tests 
(such as the two - sample t - test) cannot be used. In such cases, 
the Wilcoxon rank sum test is an excellent alternative. For 
example, when studying the impact of two different teaching 
methods on students' academic performance, if the performance 
data do not meet the normal distribution assumption, the 
Wilcoxon rank sum test can be considered.
Ordinal data:

If the data are in the form of an ordinal scale, for example, 
product satisfaction is divided into "very dissatisfied", 
"dissatisfied", "average", "satisfied", and "very satisfied". In this 
case, the Wilcoxon rank sum test is also suitable for comparing 
the differences in satisfaction between two groups.
How (H).

Lecture - based Instruction:
Use PowerPoint presentations with clear visual aids, such 

as flowcharts, diagrams, and tables, to explain the theoretical 
concepts of the Wilcoxon rank sum test.

Incorporate real - life medical examples during the lecture to 
make the content more relatable and easier to understand.
Case - based Learning:

Provide several case studies with different data sets and 
research questions related to medical studies. Students will 
work in groups to analyze the data, determine whether the 

Figure 2. Bar chart of the distribution of rank sum when the ranks 
range from 1 to 8.

Rank sum Frequency Relative 
Frequency 

Cumulative 
Frequency 

0 1 0.03125 0.03125
1 1 0.03125 0.06250
2 1 0.03125 0.09375
3 2 0.06250 0.15625
4 2 0.06250 0.21875
5 3 0.09375 0.31250
6 3 0.09375 0.40625
7 3 0.09375 0.50000
8 3 0.09375 0.59375
9 3 0.09375 0.68750
10 3 0.09375 0.78125
11 2 0.06250 0.84375
12 2 0.06250 0.90625
13 1 0.03125 0.93750
14 1 0.03125 0.96875
15 1 0.03125 1.00000

Table 1. The distribution of rank sum when the ranks range from 1 to 5.
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Wilcoxon rank sum test is applicable, and perform the necessary 
calculations or software operations.

After each group presents their analysis and results, conduct 
a class discussion to clarify any misunderstandings and deepen 
students' understanding of the test.
Hands - on Practice:

In a computer laboratory session, guide students to use 
statistical software to perform the Wilcoxon rank sum test on 
sample data sets. Provide step - by - step instructions for using 
software functions and encourage students to explore different 
options for data input, analysis, and result output.

Monitor students' progress during the hands - on practice, offer 
individual feedback, and answer their questions in real - time.
Online learning resources:

Recommend online tutorials, videos, and interactive learning 
platforms related to the Wilcoxon rank sum test. Students can 
access these resources for self - study, review, and further 
exploration of the topic outside of class.
Example of test steps:

Suppose there are two sets of data:
Group 1: 4.79, 4.54,7.98, 6.33,5.14,8.05,7.98,8.33,7.38,7.83
Group 2: 2.93,3.52,3.60,4.54,2.21,4.66,5.13,5.86,6.34,6.55

Establish null hypothesis and alternative hypothesis for the 
Wilcoxon rank sum test and set the significance level:

H0: null hypothesis (the two groups of data come from the 
same distribution).

H1: alternative hypothesis (the two groups of data come from 
the different distribution).

α=0.05.
Calculating the P – value:

The following is a program executed in software R2: 
group1 <- c(4.79, 4.54, 7.98, 6.33, 5.14, 8.05, 7.98, 8.33, 7.38, 

7.83)
group2 <- c(2.93, 3.52, 3.60, 4.54, 2.21, 4.66, 5.13, 5.86, 6.34, 

6.55)
result <- wilcox.test (group1, group2).
print(result).
Wilcoxon rank sum test with continuity correction
data: group1 and group2
W = 85.5, p-value = 0.008103
alternative hypothesis: true location shift is not equal to 0.

Draw the conclusions:
Under the null hypothesis (that the two groups of data come 

from the same distribution), the test statistic W follows a specific 
distribution. The critical value table of the Wilcoxon rank sum 
test can be consulted, or statistical software can be used to 
calculate the corresponding P-value. If the P-value is less than 
the pre-set significance level (such as 0.05), the null hypothesis is 
rejected, and it is considered that there is a significant difference 
in the distributions of the two groups of data; otherwise, the null 
hypothesis is not rejected. In this example,In this example, the 
obtained P-value (0.008103) is indeed less than 0.05, allowing 
us to reject the null hypothesis and conclude that there is a 
significant difference in the distributions of the two groups.

Instructional Evaluation.
Formative Evaluation:

During the lecture, ask students questions to check their 
understanding of key concepts. For example, randomly call on 
students to explain the assumptions of the Wilcoxon rank sum 
test or the meaning of a rank in the context of the test.

After case - based learning activities, collect students' group 
reports and provide written feedback on their analysis methods, 
calculation accuracy, and interpretation of results.

In the hands - on practice sessions, observe students' software 
operations and performance, and give immediate feedback to 
help them correct mistakes and improve their skills.
Summative Evaluation:

Administer a written exam at the end of the instructional 
unit. The exam will include multiple - choice questions, short 
- answer questions, and problem - solving questions. Multiple 
- choice questions will test students' knowledge of basic 
concepts, while short - answer questions will require them to 
explain the principles and application scenarios of the Wilcoxon 
rank sum test. Problem - solving questions will ask students to 
analyze given data sets, perform the test (either by hand or using 
software), and interpret the results.

Assign a project where students need to find a real - medical 
research article that uses the Wilcoxon rank sum test, summarize 
the study, reanalyze the data if possible, and write a report 
on their understanding of the test's application in the article. 
Evaluate the project based on the quality of the summary, the 
accuracy of the data analysis, and the depth of the students' 
insights.
Advantages and disadvantages of Wilcoxon rank sum test.

Advantages:
Wide application range: It has no strict requirements for data 

distribution.
Effective for non - parametric data: It can provide effective 

analysis methods for data that do not meet the conditions of 
parametric tests.

Robust to outliers: When there are extreme values in the data, 
it is more robust compared to parametric tests, and the results 
are less affected by extreme values.
Disadvantages:

Lower test efficiency: The test power is relatively lower 
than that of parametric tests. If the data meet the conditions of 
parametric tests, using the Wilcoxon rank sum test may increase 
the probability of making a Type II error (i.e., accepting a null 
hypothesis that is actually not true).

Complex calculation process: The calculation process is 
relatively complex, especially when the sample size is large. 
Manual calculation of rank sums and looking up critical 
value tables is cumbersome, and statistical software is usually 
required.
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