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significance tests. This research aims to analyze research Bibliometric analysis,
trends regarding statistical significance tests using Significance test,
bibliometric analysis methods assisted by mapping analysis. Statistics.

Bibliometric analysis methods and mapping analysis with
VOSviewer were used in this research. The data source was
taken from the Google Scholar database in the period 2013 -
2023. The total number of documents found during the last
10 years was 1000 documents. Based on the research results,
it was found that the number of publications regarding
statistical significance tests has decreased every year. From
a total of 281 documents in 2013 to 7 documents in 2023.
The results of article data mapping produce three forms of
visualization, namely network, overlay, and density
visualization. The mapping results show that research on
statistics still needs to be carried out, especially regarding
significance tests. This research concluded that the trend of
research discussing statistical significance tests is decreasing,
although in terms of its use, it is still very important,
especially in processing quantitative research data.
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1. INTRODUCTION

Significance testing is one of the most important stages in research, especially in research
that uses a quantitative data processing approach. The significance test determines whether
a research hypothesis is accepted or not. Significance tests help researchers determine
conclusions from research results (Onwuegbuzie & Leech, 2004). Statistical significance is a
sufficient level of confidence to be able to accept a hypothesis that has been determined in a
study. In research, Cox (1982) said that the first element in a significance test is the
formulation of the hypothesis to be tested, often called the null hypothesis. Significance tests
relate to several aspects of assessing the information provided by an investigation (Cox,
1982).

Many previous studies used significance tests, including the redefinition of statistical
significance tests (Benjamin et al., 2018), discussion of scientists' opposition to statistical
significance (Amrhein et al., 2019), discussion of theoretical analysis of P values and statistical
significance (Andrade, 2019), research looking at current trends in the use of statistical tests
to compare cluster and evolutionary computing algorithms with a critical review (Carrasco et
al., 2020), and research on p-value based statistical significance tests (Zhang, 2022).

Based on several previous studies regarding significance test statistics, there has been no
research that analyzes research trends regarding significance test statistics using a
bibliometric analysis approach assisted by mapping visualization. Recently, the use of
bibliometric analysis has often been used by many previous studies in determining research
trends (Nandiyanto et al., 2023; Ragadhita & Nandiyanto, 2022; Kim et al., 2021; Suprapto et
al., 2021; Niknejad et al., 2021). Table 1 shows several previous studies that used bibliometric
analysis to determine trends or developments in a research theme in more detail. Therefore,
this research aims to analyze research trends regarding statistical significance tests using
bibliometric analysis methods assisted by mapping analysis. This research also analyzes the
development of research and the development of the number of citations in research
regarding statistical significance tests. We use visualization mapping to determine discussion
keywords in research regarding statistical significance tests.

Table 1. Previous research discussing research trends using bibliometric analysis.

No Research Subject Data source  Year Range Application Ref
1  Salicylic Acid Scopus 2000-2021 VOSviewer Ruzmetov and
Ibragimov (2023)
2 Flooding Stress in PubMed, Google 1962-2021 VOSviewer Nurrahma et al.
Plant Science and Scholar, (2023)
Agriculture Subject Semantic
Areas Scholar, and
Crossref
3 Water Hyacinth and Scopus 2010-2023 Microsoft Excel, Hofifah and
Education VOSviewer Nandiyanto (2024)
4 Water Hyacinth and Scopus 2000-2023 VOSviewer Nandiyanto et al.
Ecosystem (2024)
5 Briquette Google Scholar 2017-2022 VOSviewer, Al Husaeni (2022)
Microsoft Excel
6  Management Google Scholar 2017-2021 VOSviewer Soegoto et al.
Bioenergy (2022)
7  Philosophy of science Scopus 2018-2022 VOSviewer Al Husaeni &
and technology Munir (2023)
education
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2. METHODS

Bibliometric analysis was carried out as a research method. There are several stages of
bibliometric analysis, including: Collecting article data is the first step in conducting literature
research using bibliometric analysis. At this stage, published research documents related to
the topic "Statistical significance" are collected. The article data used is article data indexed
by Google Scholar from 2013 - 2023. Article data is collected via the Publish or Perish
application. The results of collecting article data using Publish or Perish resulted in 1000
articles for analysis. The collected research article data is saved in (*.csv) format so that it can
be analyzed using Microsoft Excel software, and (*.ris) format so that it can be analyzed and
visualized using the VOSviewer application. After data collection, article data was filtered to
see the completeness of components (such as year). Next, the article data was analyzed using
Ms. Excel and visualized using VOSviewer. More detailed stages regarding the analysis steps
are explained in our previous research (Al Husaeni & Nandiyanto, 2022).

3. RESULTS AND DISCUSSION
3.1. Development of statistical significance test publications 2013-2023

Table 2 shows the annual report on research on "Statistical significance" which has been
published in national and international journals. Based on the data, it is known that the total
number of documents found over the last 10 years is 1,000 documents. Details of the number
of research documents regarding "Statistical significance" namely 2013 as many as 281
documents, 2014 as many as 203 documents, 2015 as many as 176 documents, 2016 as many
as 107 documents, 2017 as many as 72 documents, 2018 as many as 55 documents, 2019 as
many as 26 documents, 2020 as many as 49 documents, 2021 there will be 16 documents,
and 2023 there will be 7 documents.

Table 2. Annual Report Research on "Statistical significance".

Year Documents Percentages (%)
2013 281 28.10
2014 203 20.30
2015 176 17.60
2016 107 10.70
2017 72 7.20
2018 55 5.50
2019 26 2.60
2020 49 4.90
2021 16 1.60
2022 8 0.80
2023 7 0.70
Total 1000 100

Based on the number of research documents each year, it is known that research
publications regarding "Statistical significance" have decreased from 2013 to 2023. Figure 1
shows a graph of the decline in the number of publications regarding "Statistical significance"
more clearly. Over the last 10 years, the highest number of studies on this topic was in 2013
(281 documents) and the lowest number was in 2023 (7 documents). The decrease in the
number of documents occurs consistently every year, but there was an increase of around 23
documents from 2019 to 2020. However, in 2021 the number of published documents on this
topic experienced a significant decrease of around 33 documents.
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Statistics are very important for everyone to know. Statistics can help researchers to
conclude that the differences obtained are truly significantly different. Apart from that, the
use of statistics is very broad and covers almost all areas of human life, from development,
economics, and health, to analysis of human behavior. In the field of economics, statistics are
very important in explaining economic growth, inflation, and business development.
Therefore, this research was conducted to describe the literature review process regarding
statistical calculations for various purposes.
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Figure 1. Research Developments regarding "Statistical significance
3.2. Trend of Statistical Significance Test Research Citations 2013-2023

In this research, we present 10 articles regarding different test statistics that have the
highest number of citations. Table 3 presents some metadata from articles with the highest
number of citations. Based on Table 3, it is known that many articles with the title "ImerTest
package: tests in linear mixed effects models" written by Kuznetsova, A., Brockhoff, P. B., &
Christensen, R. H. in 2017 are articles about difference test statistics that are most frequently
cited. total 17222 cited. Kuznetsova et al. (2017) discussed a literature review regarding the
ImerTest package. In addition, Kuznetsova et al. (2017) applied Satterthwaite's method to
estimate degrees of freedom for t and F tests and construction of Type |-IIl ANOVA tables.
The other article with the largest number is research conducted by Zinman et al. (2015).
Zinman et al. (2015) discussed statistical calculations regarding Empagliflozin, cardiovascular
outcomes, and mortality in type 2 diabetes. The article written by Zinman et al (2015) has
been cited 11461 times since 2015, with the average number of citations per year being
1432.63 times. Based on the data in Table 3, it is known that published articles regarding
different test statistics with the highest number of citations came from 7 different countries,
namely Denmark (1 document), New England (2 documents), USA (3 documents), United
Kingdom (1 document), China (1 document), Turkey (1 document), and Spain (1 document).
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Table 3. Difference Test Statistics articles with the most citations.

No Cites Authors Title Year Cites Country Ref
PerYear
1 17222  Kuznetsova ImerTest package: tests in 2017 2870.33 Denmark Kuznetsova
etal. linear mixed effects models etal.
(2017)
2 11461 Zinman et  Empagliflozin, 2015 1432.63 New Zinman et
al. cardiovascular outcomes, England al. (2015)
and mortality in type 2
diabetes

3 6984 Neal et al. Canagliflozin and 2017 1164.00 New Neal et al.
cardiovascular and renal England (2017)
events in type 2 diabetes

4 6239 Hinshaw et  Nine-year Wilkinson 2013 623.90 USA Hinshaw et

al. Microwave Anisotropy al. (2013)
Probe (WMAP)
observations: cosmological
parameter results
5 6069 Everingham The Pascal Visual Object 2015  758.63 United  Everingham
etal. Classes Challenge: A Kingdom etal.
Retrospective (2015)

6 5749 RV Lenth  Least-squares means:the R 2016  821.29 USA Lenth
package Ismeans (2016)

7 4912 Chenetal. Clinical and immunological 2020 1637.33 China Chen et al.
features of severe and (2020)
moderate coronavirus
disease 2019

8 4006 Blevinset  The Posttraumatic Stress 2015 500.75 USA Blevins et

al. Disorder Checklist for DSM- al. (2015)
5 (PCL-5): Development
and Initial Psychometric
Evaluation

9 3915 H Akoglu User's guide to correlation 2018  783.00 Turkey Akoglu
coefficients (2018)

10 3751 Ferndandez- Do we need hundreds of 2014  416.78 Spain Fernandez-

Delgado et classifiers to solve real Delgado
al. world classification (2014)

problems?

3.3. Visualization of Research Data Mapping of Statistical Significance Test Research

Data mapped using VOSviewer produces 3 forms of visualization, namely network
visualization (Figure 2), overlay visualization (Figure 3), and density visualization (Figure 4).
Network visualization shows that the terms generated from the abstract and keywords that
are considered to correspond to the keywords used when collecting data are divided into 6
clusters with a total of 96 items. Each item has a different link, total link strength, and
occurrences. Overall, based on network visualization, the total link strength is 12133 while
the total number of links is 2625. The following is a more detailed explanation of each cluster:
(i) Cluster 1 marked in red consists of 26 items, namely average, case, coefficient, control

group, correlation, data, difference, evidence, experiment, firm, impact, mean, model,
normal distribution, performance, relationship, sample, significant difference, statistics,
statistical significance, t test, table, test, value, and variable.
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(ii) Cluster 2 marked in green consists of 26 items, namely ages, association, change,
comparison, covid, day, disease, group difference, mean age, mean change, month,
normal range, outcome, p value, patient, placebo, pregnancy, risk, score, study, testing,
time, treatment, trial, week, and year.

(iii) Cluster 3 marked in blue consists of 21 items, namely diabetes, effect, effect size, efficacy,
estimate. Heterogeneity, intervention, meta-analysis, metaanalysis, null hypothesis,
number, randomized controlled trial, significant effect, SMD, standard deviation,
standardized mean difference, standardized mean difference, systematic review, type,
weighted mean difference, and woman.

(iv) Cluster 4 marked in yellow consists of 15 items, namely analysis, average difference,
gender, hypothesis, influence, level, mean difference, measure, person, power, reliability,
significance, significant result, and statistical test.

(v) Cluster 5 marked in purple consists of 6 items, namely depression, group, mean score,
significance level, student, and variance.

(vi) Cluster 6 marked in light blue consists of 2 items, namely evaluation and statistical
analysis.
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Figure 3. Overlay visualization based on co-occurrence of terms.
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Figure 4. Density visualization based on co-occurrence of terms.

Apart from that, based on network visualization (Figure 2), the terms used as keywords are
in cluster 1, such as test which has 520 occurrences with a total link strength of 2230, and
different which has 361 occurrences with a total link strength of 1062, and statistical
significance which has occurrences were 185 with a total link strength of 859 (see Figure 5).
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Figure 5. Network visualization of Cluster 1.
If in the network visualization, we can see the division of clusters, the connection between

items and items that are appropriate and considered relevant to the keywords used to search
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for articles, then in the overlay visualization (Figure 3), we can see the time span (years) for
each term studied. For example, the term test, if you look at the overlay visualization, the
term test was widely used in 2015 (marked in green), while the term control group was widely
used in 2014 (marked in purple), and the term student was widely used in 2016 (marked in
yellow). In contrast to network and overlay visualization, density visualization (Figure 4)
shows the most frequently used terms using color, meaning that the brighter the color of a
term, the more often that term is used.

4. CONCLUSION

The number of publications regarding "Statistical significance" during the last 10 years
(2013-2023) was 1000 documents. The development of research regarding "Statistical
significance" has decreased. 2013 was the year with the highest number of publications,
namely 281 articles. This number continued to decrease until 2019 with the respective
numbers being 203 (2014), 176 (2015), 107 (2016), 72 (2017), 55 (2018) and 26 (2019). In
2020, the number of publications increased to 49 documents. This increase did not last long
because, in the following year, it decreased again to 16 documents (2021), 8 documents
(2022), and 7 documents (2023). Apart from that, the terms used as keywords when used in
the mapping stage using the VOSviewer application produce 96 items which are divided into
6 clusters marked with different colors. Each cluster has a different number of items and each
item has a different number of occurrences, links, and total link strength (although it does not
rule out the possibility that there are the same number of items). Terms that are often used
both as keywords and as abstracts in research articles related to keywords such as test,
difference, and statistical significance (widely used in 2015).
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