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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.
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articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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.

[lustrate 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.
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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
calculatedas 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.

The distribution of rank sum

Frequency
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Rank sum

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

Table 1. The distribution of rank sum when the ranks range from I to 5.

Rank sum Frequency Relative Cumulative
Frequency 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 2. The distribution of rank sum when the ranks range from I to 8.

Relative Cumulative
Rank sum Frequency

Frequency 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

~
w

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



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:

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

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

a=0.05.

Calculating the P - value:

The following is a program executed in software R*:

groupl <- c¢(4.79,4.54,7.98, 6.33, 5.14, 8.05, 7.98, 8.33, 7.38,
7.83)

group2 <- ¢(2.93, 3.52, 3.60, 4.54,2.21, 4.66, 5.13, 5.86, 6.34,
6.55)

result <- wilcox.test (groupl, group2).

print(result).

Wilcoxon rank sum test with continuity correction

data: groupl 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.
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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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