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Abstract 

The Wilcoxon test is a non-parametric statistical method frequently used in educational research to analyze significant 

differences between two related data groups. This study explores the utilization of the Wilcoxon test in the context of 

science education research through a systematic literature review of empirical studies. The review encompasses empirical 

research articles published in accredited scientific journals that employ the Wilcoxon test as a data analysis technique. A 

total of 2700 articles were found in the first stage and 1790 in the second with specific searches. Screening continued, 

focusing on the relevance of titles and abstracts, resulting in 367 articles. Ten articles were selected based on SINTA 3, 

4, and 5 accreditation criteria. Findings indicate a prevalence of using the Wilcoxon test in pre-test and post-test data 

analysis in experimental research designs, comparative research, exploratory research, and development research. 

Furthermore, this study identifies diverse variations in the application of the Wilcoxon test, including the Wilcoxon test 

for paired samples and the Wilcoxon test with continuity correction. This literature review provides a comprehensive 

description of the application of the Wilcoxon test in science education research and recommends careful consideration 

for researchers in selecting and applying the statistical test based on data characteristics and research objectives. 

Keywords: Wilcoxon test, literature review, science education, non-parametric statistics, empirical research. 

 
Abstrak 

Uji Wilcoxon merupakan metode statistika nonparametrik yang kerap dimanfaatkan dalam penelitian pendidikan untuk 

menganalisis perbedaan signifikan antara dua kelompok data yang berhubungan. Studi ini mengeksplorasi pemanfaatan 

Uji Wilcoxon dalam konteks penelitian pendidikan IPA melalui pendekatan tinjauan literatur sistematis terhadap studi 

empiris. Tinjauan tersebut mencakup artikel-artikel penelitian empiris yang terpublikasi di jurnal ilmiah terakreditasi dan 

menerapkan Uji Wilcoxon sebagai teknik analisis data. Sebanyak 2700 artikel ditemukan pada tahap pertama dan 1790 

pada tahap kedua dengan pencarian spesifik. Skrining dilanjutkan dengan fokus pada relevansi judul dan abstrak dan 

diperoleh 367 artikel. Sebanyak 10 artikel terpilih berdasarkan kriteria akreditasi SINTA 3,4 dan 5. Temuan menunjukkan 

prevalensi penggunaan Uji Wilcoxon dalam analisis data pre-test dan post-test pada desain penelitian eksperimen, 

penelitian komparatif, penelitian eksprolasi, dan penelitian pengembangan. Selain itu, studi ini mengidentifikasi beragam 

variasi penerapan Uji Wilcoxon, meliputi Uji Wilcoxon untuk sampel berpasangan dan Uji Wilcoxon dengan koreksi 

kontinuitas. Tinjauan literatur ini memberikan deskripsi komprehensif mengenai aplikasi Uji Wilcoxon dalam penelitian 

pendidikan IPA serta merekomendasikan pertimbangan yang cermat bagi peneliti dalam memilih dan mengaplikasikan 

uji statistik tersebut berdasarkan karakteristik data dan tujuan penelitian.   

Kata Kunci: Wilcoxon test, literature review, pendidikan ipa, non-parametric statistics; penelitian empirik 

 

INTRODUCTION  

The purpose of science education is not only to teach scientific knowledge but also to develop 

a science-literate society capable of engaging in scientific reasoning and decision-making (Almasri 

et al., 2021; Ika Sari et al., 2024). One of the competencies that students must achieve in learning 

science, according to Permendiknas Number 21 of 2016, is formulating problems based on 

phenomena, formulating hypotheses, carrying out experiments, carrying out measurements, making 

tabulations and graphs, concluding based on data, and making reports both orally and in writing. 

Hypothesis testing plays an important role in this endeavor. Hypothesis testing provides a structured 

framework for investigating scientific phenomena, evaluating claims, and drawing conclusions based 

on evidence (Amaliah et al., 2024). By formulating testable hypotheses, designing experiments, 
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collecting data, and analyzing results, learners can develop critical thinking skills and improve their 

understanding and learning outcomes. 

Quantitative research is a systematic approach to investigating phenomena using numerical 

data and statistical techniques (Ghanad, 2023). In science education, it plays a vital role in measuring 

variables, establishing relationships, and testing hypotheses related to teaching and learning 

(Hatlevik, 2017; Ika Sari et al., 2024). It allows researchers to collect data on a large scale (Subedi, 

2021), providing a broad understanding of educational trends and the effectiveness of interventions 

(Chen & Cheng, 2022; Pregoner et al., 2024; Sari & Ahmad, 2022). By employing statistical analysis, 

quantitative research can offer objective and reliable insights into student performance, teaching 

methodologies, and curriculum design (Johnson & Larry, 2003). 

The importance of quantitative research in science education lies in its ability to provide 

evidence-based insights that inform instructional practices and policy decisions (Schildkamp, 2019). 

Through quantitative studies, educators can identify effective teaching strategies, evaluate the impact 

of educational programs, and assess student learning outcomes (Rana et al., 2023). This data-driven 

approach enables educators and policymakers to make informed decisions that enhance the quality of 

science education and promote student success (McClure, 2020). 

Quantitative research provides numerical data and statistical analysis that are frequently used 

to draw conclusions from experimental research designs. Experimental research is a specific type of 

research design where you manipulate variables to see their effect that focuses on collecting and 

analyzing numerical data (Johnson & Larry, 2003). Experimental research also plays a crucial role in 

science education, informing our understanding of effective teaching methods and student learning 

(Kooli, 2023). Hypothesis testing empowers individuals to distinguish credible information. In 

science education, hypothesis testing serves as a bridge between theoretical knowledge and practical 

applications, allowing learners to connect scientific concepts to real-world scenarios and make 

informed decisions about scientific issues that impact their lives and society (Narut & Wahyu, 2023). 

This ability to critically evaluate information and engage in evidence-based reasoning is important to 

increase responsibility and effective participation in Teaching and Learning Activities. 

The Wilcoxon Signed-Rank test is a statistical test often used in quantitative research (Taheri & 

Hesamian, 2013). The Wilcoxon test is a non-parametric statistical method widely used in educational 

research, especially in science education (Atqiya et al., 2021). This non-parametric test allows 

researchers to compare two related samples or repeated measurements on a single sample without 

making assumptions about the underlying data distribution (Kim, 2014; Lu et al., 2024). The 

Wilcoxon test has been applied in a variety of educational studies, ranging from evaluating the 

effectiveness of instructional interventions to analyzing learners' learning outcomes and scientific 

reasoning patterns (Atqiya et al., 2021). 

The Wilcoxon test is particularly useful when the assumptions of parametric tests, such as the 

t-test, are not met (Ahumada & Sanchez, 2019; Sarumaha et al., 2022). The Wilcoxon test has been 

widely applied in various educational settings, including Science Education, to analyze learner 

learning outcomes, evaluate the effectiveness of instructional interventions, and investigate patterns 

of scientific reasoning (Ahumada & Sanchez, 2019; Kim, 2014). Unlike parametric tests, the 

Wilcoxon test does not rely on normally distributed data, making it a powerful option for analyzing 

data that may not meet the assumptions of other statistical methods. (Ahumada & Sanchez, 2019; 

Kim, 2014). This flexibility has contributed to the widespread adoption of the Wilcoxon test in 

educational research, especially in science education, where data do not always fit the requirements 

of parametric analysis.   

There are strong scientific justifications for a literature review on the Wilcoxon test in science 

education. First, experimental research is essential for understanding the impact of teaching methods, 

and the Wilcoxon Signed-Rank test is a valuable tool for analyzing data in these studies (Widodo, 
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2022). Because educational data often do not fit the requirements of parametric tests, the Wilcoxon 

test's non-parametric nature is especially helpful (du Prel et al., 2010). A literature review can show 

how the Wilcoxon test has been used in science education, what data types it's suited for, and what 

conclusions have been drawn from it. A literature review can reveal gaps in the current research and 

suggest directions for future studies.  

A literature review on the Wilcoxon test in science education is scientifically justified because 

it helps to synthesize existing knowledge, identify best practices, and guide future research in the 

field. Reviewing existing literature can reveal how the Wilcoxon test has been applied in science 

education research, the types of data analyzed, and the conclusions drawn (Wilson, 2024). 

Furthermore, a literature review can identify gaps in current research and suggest directions for future 

studies, ultimately helping to synthesize knowledge, identify best practices, and guide further research 

in the field (Wilson, 2024). A systematic literature review can provide a comprehensive and balanced 

summary of primary research results (Setyawati et al., 2022).  

Experimental research is frequently used in science education (Savec & Mlinarec, 2021; Treagust 

& Won, 2023). This systematic review was conducted to analyze the use of the Wilcoxon test in 

science education research. The study provides a comprehensive synthesis of how this non-parametric 

statistical test has been applied to generate new research findings in science teaching and learning. 

The focus of the analysis includes the research context, methodological approach, and key findings 

revealed in empirical studies that have used the Wilcoxon test. Research question: 

1. How effective is the Wilcoxon Signed-Rank test in evaluating the impact of educational 

interventions on student performance in science education? 

2. What are the methods and design used in studies on empirical research on science education?  

 

METHOD 

This research is a literature study on science education research. The articles were selected 

from journals using the Preferred Reporting Items for Systematic Review and Meta-Analysis 

systematic analysis (O’Dea et al., 2021). The research approach consists of various stages, namely, 

1) searching for research journals, 2) systematic selection, and 3) article analysis. The steps in the 

research are described in detail in Figure 1. 

 

 
Figure 1. Research Steps Literature Review 

 

1. Journal search strategy 

The journal search began with the research topic of Science Education. The academic database 

used is Google Scholar, which verifies the source's credibility. The keywords used were "Wilcoxon 

signed-rank test in Science Education". The Wilcoxon signed-rank test is a non-parametric statistical 

test used to compare two related samples, or to compare one sample to a hypothetical population 
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median. 2700 articles from various sources, including journals, books, and conferences, were 

identified. then used the “since 2021” filter and 1790 articles were identified. The articles were then 

subjected to initial screening based on the title's relevance and abstract, and 367 articles were selected. 

 

2. Selection process 

After identifying potential journals through Google Scholar, a selection process was carried out 

to ensure the research objectives' relevance to the selected journals' quality, especially the journals' 

reputation and accreditation. The criteria researchers use in the selection process are journals 

published in SINTA 3, 4, and 5 from 2021 to 2024. SINTA is an Indonesian index for journals and 

research publications. Researchers focus on SINTA 3,4, and 5 journals to ensure a baseline level of 

quality and relevance, might be more accessible and relevant to research focusing specifically on 

Indonesian contexts or issues, and also provides a manageable scope for a literature review (Niam et 

al., 2023). The selection process was done by checking publisher affiliation, database indexation, and 

journal citation. A total of 10 journals were selected based on the criteria that have been stated.  

 

3. Research Analysis 

The literature review was conducted using systematic, critical, and structured analysis of data 

analysis techniques using the Wilcoxon test (Ünlü et al., 2024). The literature review in this study 

was conducted by adopting the best-evidence synthesis approach. This method emphasizes selecting 

and critically analyzing the most relevant and high-quality journal articles to answer the research 

questions. Each selected article was analyzed in depth and verified for data accuracy, namely the 

Wilcoxon statistical test, in analyzing the research data. The choice of this analysis method was 

supported by the data characteristics that did not meet the assumption of normality, as described in 

the articles. Thus, the final number of articles to be analyzed in the systematic review was obtaine in 

the PRISMA Flow Diagram (Hebebci, 2023) in Figure 2 
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Figure 2. PRISMA flow diagram (Haddaway et al., 2022) 

 

Based on Figure 2, ten articles that were reached that were reached as a result of the literature 

review and that met the research criteria were examined. 

RESULT  

In science education, the Wilcoxon test often used to analyze differences in student learning 

outcomes before and after specific treatments, such as applying innovative learning methods or using 

interactive learning media. The advantage of the Wilcoxon test lies in its ability to handle data that is 

not normally distributed or data with an ordinal scale, so it is an appropriate alternative when the 

assumptions of the parametric t-test are not met (Almasri et al., 2021; Kim, 2014; Zulkipli et al., 

2024). According to Ahumada & Sanchez (2019), non-parametric analysis can be used in several 

specific conditions related to data and sample characteristics: 1) when the sample size used in the 

study is relatively small; 2) if the data being analyzed is ordinal, which allows the arrangement of 

data based on order or rank; 3) non-parametric statistics are also relevant when dealing with nominal 

data, which is data that can be grouped into categories and the frequency can be calculated: and 4) 

the use of non-parametric approaches is indicated when the data distribution and characteristics of 

the population from which the sample is taken are unknown or do not follow a normal distribution. 

A literature review of empirical research using the Wilcoxon test in science education provides 

a comprehensive overview of current trends and findings in applying this test in science teaching and 

learning. Analysis of these empirical studies can reveal patterns of differences in learner outcomes 

influenced by learning interventions. In addition, the literature review can also identify factors that 

influence the successful application of a learning method or media. The information obtained from 

this literature review is helpful for educators and researchers in developing more effective and 

efficient learning strategies. Furthermore, according to Vierra et al. (2023), if the test data is not 

normally distributed, non-parametric statistics are less likely to make errors in interpreting the data 

compared to parametric statistics. 

Studies on empirical research emphasize collecting and analyzing data obtained through 

observation, experimentation, surveys, and other empirical methods to test hypotheses, build theories, 

or answer research questions systematically and based on concrete evidence (Almasri et al., 2021; 

Zulkipli et al., 2024). Table 1 shows some empirical research findings in Science Education that use 

Wilcoxon non-parametric statistical analysis in making decisions based on research data. 

 

Table 1. Wilcoxon analysis findings in science education research 

No. Researcher 

(Year/Sinta) 
Research Methodology Key findings 

1 Masitoh et al., 

(2023/4) 

a) Quasi-experimental 

research with Pretest-

Posttest Design for 1 

class 

b) Sample size 23 

students 

a) The Wilcoxon Signed Rank test showed 

statistically significant results, with an 

asymp.sig value of 0.002, which is less 

than the 0.05 threshold, leading to the 

rejection of the null hypothesis.   

b) The I-SETS approach positively 

influences learners' understanding and 

engagement in science. 

2 Fazrina et al., 

(2023/5) 

a) Quantitative research 

with a Quasi 

Experiment design 

with the One Group 

a) Statistical tests confirmed that the post-

test scores of both variables were 

significantly higher than the pre-test 

scores, indicating effective results.   



Indonesian Journal of Educational Science    Volume 7 No 2, March 2025 

ISSN 2662-6197 (online)  ISSN 2655-4402 (print) 
 

163 

 

No. Researcher 

(Year/Sinta) 
Research Methodology Key findings 

Pretest-Posttest 

Design. 

b) Sample size = 18 

students 

b) The Wilcoxon Paired Test significantly 

affected concept understanding, and the T-

Test confirmed significant effects on 

generic science skills. 

3 Husni et al., 

(2022/4) 

a) Pre-Experimental 

design with One 

Group Pretest-

Posttest approach.    

b) Sample size = 15 

students 

a) There was a significant difference 

between the pretest and posttest scores, 

with the average pretest score being 45 

and the average posttest score being 75.   

b) The Wilcoxon sign rank test showed a Z 

value of -3.521 with Asymp Sig. 0.000, 

confirming that the model had a 

significant impact on learning outcomes.   

 

4 Reksi et al. 

(2024/4) 

a) Quantitative research 

with experimental 

design. 

b) Sample size = 33 

people 

A significant reduction in the number of 

learners' errors after receiving remediation 

through Google Classroom feedback, with 

statistical analysis showing a significant 

difference before and after the intervention (p 

< 0.05).   

5 Rahmadani 

(2024/4) 

a) Pre-Experimental 

design with One 

Group Pretest-

Posttest approach.    

b) Sample size = 32 

students 

a) The Wilcoxon rank test showed a 

statistically significant improvement, 

with an Asymp. Significance value (2-

tailed) of 0.000, leading to the rejection of 

the null hypothesis (H0) and acceptance 

of the alternative hypothesis (H1) 

b) This teaching strategy can transform the 

learning experience into a more engaging 

and effective process. 

6 Hariandi et al. 

(2023/3) 

a) Pre-Experimental 

design with One 

Group Pretest-Posttest 

approach.    

b) Sample size = 33 

students 

a) The results of the Wilcoxon Sign Rank 

Test test, the z value obtained is -5.015 

with a value (Asymp. Sig 2 tailed) of 

0.000.  

b) There is a difference in KSP before and 

after applying the STEAM approach. 

7 Damayanti et 

al., (2021/4) 

a) Descriptive research 

with one-group design  

b) Purposive sampling = 

36 learners 

a) The Wilcoxon test results showed a 

significant difference between the pre-test 

and post-test scores, with the Z-count at 

5.094 exceeding the Z-table at 2.892.   

b) PBL learning model effectively improves 

students' motivation and learning 

outcomes 
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No. Researcher 

(Year/Sinta) 
Research Methodology Key findings 

8 Amelia et al., 

(2021/3) 

a) R&D research, 

ADDIE model and e-

module effectiveness 

test with 

experimental method 

of one-group pretest-

postest design. 

b) Research subjects 

consisted of 9 

learners  

The results of testing the effectiveness with 

the Wilcoxon test show the results of z = 

2.673 and an effect size of r = 0.63 which 

means that there is a significant difference 

between the pre-test and post-test scores and 

the use of e-modules for misconceptions has 

a moderate effect in remediating students' 

misconceptions on the material Pressure of 

liquid substances. 

9 Hartanti & 

Hartanti 

(2023/4) 

a) Exploratory research 

with a quantitative 

approach 

b) The sample consisted 

of 192 students 

The Wilcoxon test showed no significant 

difference between estimated and measured 

values for length and time, while a significant 

difference was found for mass indicating 

lower estimation ability. 

10 Amalia et al., 

(2024/5) 

a) A comparative study 

of TSTS and TGT 

cooperative models. 

b) Involving 2 classes 

with a sample size of 

30 and 27 students 

There is a difference in the value of learning 

outcomes by using the TGT type cooperative 

learning model better than the TSTS model in 

improving the science learning outcomes of 

VIII grade students of SMPN 1 Pattallassang. 

 

Based on the literature review in Table 1, the use of non-parametric statistics Wilcoxon test 

can be identified with consideration of whether the data of empirical research results in science 

education research studies are normal or not. Wilcoxon test results are used to analyze differences 

between two groups of related data (paired data), such as pre-test and post-test. The Wilcoxon Signed-

Rank test is used when the assumption of data normality is not met or when the data is ordinal. The 

Wilcoxon test has been applied in various educational studies, ranging from evaluating the 

effectiveness of instructional interventions to analyzing learning outcomes, exploration with 

quantitative, descriptive approaches, development of learning tools, and students' scientific reasoning 

patterns (Atqiya et al., 2021; Hartanti & Hartanti, 2024). 

 

In line with the research’s second question, the empirical research articles methods and design 

were disscussed can be seen in Figure 3 
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Figure 3. Distribution of articles by the methods used 

 

 As a result of the analysis in Figure 3, the distribution of research methods employed in the 

reviewed articles reveals a strong inclination towards quantitative approaches, with 7 articles utilizing 

such methods, while a smaller proportion adopted mixed methods in one article. This suggests that 

quantitative research remains a dominant paradigm in this field. A notable fraction of the reviewed 

studies (2 articles) did not specify the methodology used, which poses challenges in understanding 

and interpreting their findings (Tariq & Woodman, 2013)(. Moving forward, clearly specifying 

research methodology in publications is essential. 

  

DISCUSSION 

The Wilcoxon test, both the Wilcoxon signed rank test and the Wilcoxon rank sum test has 

been widely used in science education research with a variety of methodologies and sample sizes. 

This non-parametric test is chosen when the assumption of data normality is not met or when the data 

scale is ordinal. Based on Table 1, there are several examples of the application of the Wilcoxon test 

in empirical research in the study of Science Education. The Wilcoxon test can be used to compare 

pre-test and post-test results in experimental groups that are not randomly formed. The research 

compares the problem-solving ability of students before and after the application of a particular 

learning model or treatment. The application of this test can be seen in research conducted by Masitoh 

(2023) and Fazrina et al. (2023), which shows the results of statistical testing confirm that the post-

test scores of both variables are significantly higher than the pre-test scores, showing effective results.  

The compilation of quantitative research on science education utilizing the Wilcoxon Signed 

Rank test reveals a consistent trend, interventions, often implemented within pre-experimental or 

quasi-experimental designs, yield statistically significant improvements in student learning outcomes. 

Studies by (Masitoh, 2023), Fazrina et al. (2023), Husni et al. (2022), Rahmadani et al. (2024), and 

Hariandi et al. (2023). All report significant p-values (p < 0.05) from Wilcoxon tests, indicating that 

the interventions positively impacted concept understanding, generic science skills, and overall 

learning outcomes. This suggests that, within the scope of these studies, the applied educational 

strategies are effective in enhancing students' grasp of scientific concepts. 

However, several limitations should be considered when interpreting these findings. The 

predominance of pre-experimental designs, particularly the One Group Pretest-Posttest approach, 

limits the ability to establish causality due to the absence of a control group (du Prel et al., 2010). 

Additionally, the relatively small sample sizes, ranging from 15 to 33 students, may restrict the 

generalizability of the results. While Reksi et al. (2024) also found significant improvements through 

F= 7

F= 1

F…

Quantitative research

Mixed methods

Unspecified
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Google Classroom feedback, it is important to acknowledge these limitations and interpret the 

findings cautiously, recognizing the need for further research with more rigorous designs and larger, 

more diverse samples. 

The application of the Wilcoxon test in the presented research demonstrates its utility in 

evaluating the impact of educational interventions, as seen in Damayanti et al. and Amelia et al. Both 

studies, employing a one-group pretest-posttest design, revealed statistically significant differences 

between pre- and post-test scores following the implementation of a PBL learning model and e-

modules, respectively. Damayanti et al. (2021) found a Z-count of 5.094 exceeding the Z-table value, 

while Amelia et al. (2021) reported a significant effect size (r = 0.63), suggesting that these 

interventions effectively improved student motivation, learning outcomes, and addressed 

misconceptions. These findings align with previous research that highlights the effectiveness of 

various educational strategies in enhancing student learning (Coenen et al., 2018). 

However, it's important to consider the context in which the Wilcoxon test is applied. Hartanti 

& Hartanti (2024) exploratory research, while also using the Wilcoxon test, yielded mixed results, 

indicating no significant difference in estimation abilities for length and time, but a significant 

difference for mass. This underscores the importance of considering the specific variables being 

measured and the potential limitations of relying solely on statistical significance. Furthermore, 

Amaliah et al. (2024) comparative study, while not directly using the Wilcoxon test, highlights the 

importance of comparing different instructional models to identify superior approaches for improving 

science learning outcomes. It's also important to acknowledge that the Wilcoxon Signed Rank test is 

a frequently used nonparametric test for paired data. It is important to choose the right type of 

Wilcoxon test according to the research design. If the data comes from two independent groups, then 

the analysis used is the Mann-Whitney U test. If the data comes from two related groups or paired 

data, use the Wilcoxon Signed-Rank Test. 

 

CONCLUSION 

 Based on the analysis of several science education studies using the Wilcoxon test, it can be 

concluded that the Wilcoxon Signed Rank Test generally shows a significant difference before and 

after intervention or treatment when the sample taken is relatively small. In addition, the Wilcoxon 

test proved effective in testing comparative hypotheses and providing empirical evidence of the effect 

of the intervention or treatment given . The implication of this study is that the Wilcoxon Signed Rank 

test can be a useful tool in science education research, particularly when dealing with small sample 

sizes, to assess the impact of interventions or treatments. 
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