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Abstract

Data visualization is one of the hot topics of statistics. Programming languages such as R and Python are needed to create high-quality
graphs. However, these programs are quite complex to use and difficult for researchers with no programming background. In this study, a
cloud-based web application, named DATAVIS2, is developed to draw bivariate graphs. The developed application works independently
of the operating system and the web browser. The DATAVIS2 web-tool includes fourteen different graphs for quantitative and categorical
variables. The developed web-tool is available at https://beststat.shinyapps.io/datavis2/.
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1. Introduction

Data visualization is the visualization of the collected data with the help of graphics for easier understanding by the people. By visualizing
the data with graphs, trends and outliers in the data can be easily revealed. Several books have been written by scientists to make data
visualization easier for practitioners. Post et al. (2002) summarized the state-of-art data visualization methods such as volume and information
visualization, multi-resolution methods, and interaction techniques. Anouncia et al. (2020) discussed the data visualization methods using
machine learning and artificial intelligence methods. Barker and Canning (2013) used the R and JavaScript programs to visualize the spatial
and time-series data sets.
The data visualization tools and software are used by researchers to summarize their own data sets to make them understandable. Two
software are widely preferred to produce high-quality graphics: R and Python. However, a good level of software knowledge is required to
use these programs. Several studies have been done to make data visualization easy for practitioners using the R Shiny software. Yu et
al.(2018) developed a shinyCircos application to produce the Circos plot for genomic data. COVID19-world tool is developed by Tebe
et al. (2020) to visualize and track the COVID-19 cases and deaths for all available countries. Similar to Yu et al. (2018), a minotaur
application was developed to produce multivariate results from genome scans (see Verity et al., 2017). GENAVi is also a powerful tool
for gene expression normalization, analysis, and visualization (see Reyes et al., 2019). Also, Mullan et al. (2021) developed a web-tool,
ggVolcanoR, to draw the volcano plots, correlation plots, upset plots, and heatmaps for differential expression datasets. The HTPmod is
developed by Chen et al. (2018) to visualize large-scale biological data using machine learning techniques. Recently, the PlotsOfData
web-tool (Postma and Goedhart, 2019) is developed to visualize the data with box plot and violin plot. However, there are many graphs that
can be used to visualize data. With these graphs, outliers and hidden features in the data set can be obtained. Thus, the analyst is provided
with the opportunity to better understand and explain the data.
Visualization is also important field for mathematical studies, especially in graph theory. Graphical networks is used to explore the relations
between units and widely used in biological and social science studies. There are some available R packages to perform graphical network
analysis, but it requires well knowledge in programming. So, a web-tool can be developed in R Shiny for easy implementation of graphical
network models. Graphical network models are also related to applied mathematics. Mathematical properties of the graphical networks were
studied by many authors such as Do et al. (2016), Hoser and Geyer-Schulz (2005), Gürsoy (2022) and Kayaturan (2022).
In this study, we develop a web-tool to visualize the bivariate graphs for categorical-categorical, categorical-quantitative, and quantitative-
quantitative variables. The developed program is named DATAVIS2. The DATAVIS2 web-tool is user-friendly and has fourteen graphs for
different measurement levels of the variables. The user can upload the data easily and draw and save the desired graph. So, the users can
easily get high-quality graphics without any knowledge of the R program.
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The following sections are included in the remaining parts of the study. In Section 2, we present the developed web-tool, DATAVIS2. In
Section 3, the development process of the web-tool is summarized. The study is concluded with Section 4.

2. DATAVIS2 web-tool

Now, we introduce the developed web-tool. The DATAVIS2 program can be easily accessible using the following website https:

//beststat.shinyapps.io/datavis2/. Firstly, we describe the used data set and go on with the graphs for different measurement levels
of the variables.

2.1. Dataset

The data set contains the salary information of the academicians based on their rank, experience, discipline, and gender. The data set can
be found in CSV format at https://r-data.pmagunia.com/dataset/r-dataset-package-car-salaries. Figure 2.1 displays the
upload data section of the DATAVIS2 web-tool. The data file should be in CSV format. The delimiter can be a semicolon, comma, and tab.
The data set should be chosen after clicking the Load CSV file. If the user wants to display the graphs for categorical-categorical variables,
the Categorical-Categorical section should be chosen from the top of the web-tool. Once the user uploads the data, the data is shown on the
right panel of the web-tool under the Data Table section. The useful graphs to summarize the data are produced with the developed web-tool
in the next section.

Figure 2.1: Upload data for DATAVIS2.

2.2. Categorical-categorical graphs

Here, we present the graphs for the categorical-categorical variables. Four graphs are presented in this section. These are stacked bar chart,
grouped bar chart, segmented bar chart, and improved segmented bar chart. After uploading data, one can easily select the graph type using
the Select graph type tab. Firstly, the user should select the first and second categorical variables. After selecting the graph type, the user
should click the Go! button. The graph is displayed in the Chart Output section. Figure 2.2 displays the improved segmented bar chart
for the discipline and rank variables. As seen from Figure 2.2, while 72.4% of those in department A are professors, 62.5% of those in
department B are professors. The other available graphs can be obtained by changing the graph type. Also, the graph can be easily saved in
png format by right-clicking on the figure. The other graphs are also displayed in Figures 2.3, 2.4 and 2.5.

https://beststat.shinyapps.io/datavis2/
https://beststat.shinyapps.io/datavis2/
https://r-data.pmagunia.com/dataset/r-dataset-package-car-salaries
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Figure 2.2: The improved segmented bar chart

Figure 2.3: The stacked bar chart

Figure 2.4: The grouped bar chart
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Figure 2.5: The segmented bar chart

2.3. Quantitative-quantitative graphs

Now, we present the graphs for the quantitative-quantitative variables. We have two graphs for this section. These are scatter plots and line
plots. Again, the user uploads the data and selects the appropriate graph for his/her analysis. Then, the first and second quantitative variables
should be selected. Then, the user clicks the Go! button. Then, the produced graph is displayed in the Chart Output section. As in the
previous section, the produced graph can be easily saved and used by the users. Figure 2.6 displays the scatter plot for the number of years
the professor has served the department and/or university and salary variables.

Figure 2.6: The scatter plot

Also, Figure 2.7 displays the line plot for the years number of years since the professor has obtained and salary variables.
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Figure 2.7: The line plot

2.4. Categorical-quantitative graphs

The categorical-quantitative graphs are given in this section. The DATAVIS2 web-tool has eight different graphs for the categorical-
quantitative variables. These are bar plot, grouped kernel density plot, box plot, violin plot, ridgeline plot Mean/SEM (standard error of the
mean) plot, strip plot, and beeswarm plot. The categorical and quantitative variables should be chosen. Then, the user clicks the Go! button
to display the produced graph.
Figure 2.8 displays the bar chart and grouped kernel density plot. The bar chart can be used to visualize the mean of the quantitative variable
based on each level of the categorical variable. The grouped kernel density plot is also very useful to have any information about the
distribution of each level of the categorical variable.

Figure 2.8: The bar chart and grouped kernel density plot.

Figure 2.9 displays the violin and mean/SEM plot. The violin plots are very similar to the kernel density plots. The violin plot can be viewed
as a mirrored and rotated kernel density plot. The mean/SEM plot is preferred with many scientists to summarize their observations/measures
for some categorical variables. Here, the errors bars represent the confidence intervals of the sample for each level of the categorical variable.
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Figure 2.9: The violin and mean/SEM plot.

Figure 2.10 displays the strip and beeswarm plots. The strip can be viewed as a combined box and scatter plot. The strip plot can be used to
have any information about the distribution of the quantitative variable for each level of the categorical variable. Also, the strip plot can be
used to identify the possible outliers in the data set. The beeswarm plot can be also viewed as a combined scatter and violin plots. This plot
also can be used to have information about the distribution of the sample.

Figure 2.10: The strip and beeswarm plots.



156 Konuralp Journal of Mathematics

3. Development and deployment process of the DATAVIS2 web-tool

The shiny package (see Chang et al., 2021) of R software is used to develop the DATAVIS2 web-tool. During the development process, we
take the advantage of the below R packages.

• shinythemes by Chang (2021)
• shinydashboard by Chang and Ribeiro (2018)
• ggplot2 by Wickham (2016)
• treemapify by Wilkins (2021)
• ggridges by Wilke (2021)
• ggbeeswarm by Clarke and Sherrill-Mix (2017)
• scales by Wickham and Seidel (2020)
• data.table by Dowle and Srinivasan (2021)
• dplyr by Wickham et al. (2021)

After created the web-tool, we use the https://www.shinyapps.io/ server to deploy the developed web-tool. It is easy to use and do not
require any installation.

4. Conclusion

This study presents the developed web-tool, DATAVIS2. Thanks to a simple and user-friendly interface, the users can easily upload their
datasets and create high-quality bivariate graphs for different measurement levels of the variables. The main advantage of the web-tool is that
it works independently from the web browser and operating system. The graphs are easily saved and be used for academic or reporting
purposes. The DATAVIS2 is a great tool to visualize the bivariate variables without any knowledge of software such as R, Python, or Java.
As a future work of the presented study, we will develop a web-tool for multivariate graphs, biplots, and heatmaps.
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