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Summary

WI Fast Plants (Williams & Hill, 1986) were developed as a research tool at the University
of Wisconsin-Madison and have been used by K-16 teachers around the world for nearly
30 years as an educational model-organism. As the name suggests, WI Fast Plants have
a short time from planting to flowering (about 2 weeks), and thus, these plants are used
in classrooms to engage learners of all ages and grade levels into the investigation of plant
life cycles, the growth of flowers, the role of environmental factors on plants, the energy
transformation of plants, the genetics of hybrids among many other topics.

Thousands of students from elementary school to college level grow WI Fast Plants in
class or at home, and collect data from their experiments, yet they do not have any user-
friendly tool to visualize or analyze these data. Existing Data Science platforms such as
CODAP (Consortium, 2014) are either too complicated to use or expensive. Furthermore,
existing interfaces are not tailored to WI Fast Plants data or educational objectives, and
lack the flexibility to evolve alongside the lesson options provided by WI Fast Plants.

Statement of need

WI Fast Stats is an integrated animated web page which serves as a medium to a
collection of R-developed web apps that provide Data Visualization and Data Analysis
tools for WI Fast Plants data. Each web app corresponds to an educational unit linked
to a specific WI Fast Plants webinar and it serves two main functions: 1) K-16 teachers
attending the WI Fast Plants webinar will learn how to design Data Science exercises
through the web app for their students and 2) students can use the web app independently
to learn about visualization and analysis via the publicly available sample datasets and
educational materials.

In this sense, WI Fast Stats is designed to be used by both K-16 teachers and by students
from elementary school to college. A preliminary version of a web app has already been
used in a 2020 WI Fast Plants webinar with over 300 high-school teachers across the
U.S. in attendance. Based on the comments at the webinar and follow-up messages, the
attendees were deeply impressed by the potential of the web app to revolutionize the
manner in which they currently teach Data Science in the classroom.

WI Fast Stats is a user-friendly easy-to-use interface that will render Data Science
accessible to teachers and students without strong programming or mathematical back-
ground. Because WI Fast Stats was also created and is maintained at the University
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of Wisconsin-Madison, it is the perfect companion to the already widely successful ed-
ucational tool of WI Fast Plants. WI Fast Stats will evolve alongside WI Fast Plants
by fulfilling the Data Science needs of the thousands of teachers and students around
the world who currently use WI Fast Plants to learn the complexities of plants and the
biological world.

Description of the website

WI Fast Stats (https://wi-fast-stats.wid.wisc.edu/) is an integrated animated web page
which hosts a collection of web applications and relevant webinars for WI Fast Plants.
The web page contains six modules including Home, About, Webapps, Webinars, Source
Code, and FAQ (Figures 1 and 2). The Home page utilizes animate.css to construct the
animation with three scrolling images retrieved from WI Fast Plants. Font-awesome.css
offers a fantastic mode to show buttons representing the links of our web applications as
well as the Github source code. We also built a timeline to store all the webinar-related
information.

The web page and accompanying web apps are all open-source with the code stored in
the GitHub repository: https://github.com/crsld/fast-stats.
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WI Fast Stats is an accompanying tool for data analysis and data visualization for Wl Fast Plants

Summary

© Each web app was developed for a specific WI Fast Plants webinar

© Each web app implements Data Summary, Data Visualization, and Data
Analysis modules with R, ggplot2, Plotly, and Graphics libraries

@ Over 10 kinds of graph visualization tools and 5 statistical testing tools
tailored for WI Fast Plants data!
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Figure 1: WI Fast Stats website home page: https://wi-fast-stats.wid.wisc.edu/.

Liu et al., (2022). WI Fast Stats: a collection of web apps for the visualization and analysis of WI Fast Plants data. Journal of Open Source 2
Education, 5(50), 159. https://doi.org/10.21105/jose.00159


https://wi-fast-stats.wid.wisc.edu/
https://github.com/crsl4/fast-stats
https://wi-fast-stats.wid.wisc.edu/
https://doi.org/10.21105/jose.00159

The Journal of Open Source Education

HOME ABOUT WEBAPPS WEBINARS SOURCE CODE

WEBAPPS

Each web app listed below corresponds to a specific WI Fast Plant webinar
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Figure 2: WI Fast Stats website comprises different web apps each corresponding to a given WI Fast
Plants webinar.

Description of the web apps

The web apps within WI Fast Stats provide an interactive and easy-to-use platform for
data visualization and data analysis for data collected in accordance with the WI Fast
Plants webinars and educational materials. The web apps are based on the R shiny
package and contain three main modules: Data Upload, Data Visualization, and Data
Analysis which are built with the ShinyDashboard framework (Figures 3 and 4).

The Data Upload section allows the users to upload their own collected data based on
their fast plants experiments, or to utilize the already loaded sample dataset which illus-
trates the same educational outcomes intended in the webinar without having to run the
experiments. In addition, this section also provides a summary button to show only first
rows of the dataset or the whole dataset.

The Data Visualization section allows the users to create five plots: Mosaic plot, Scatter
plot, Box plot, Violin plot, and Density plot. It utilizes the ggplot2 library to declar-
atively create graphs based on particular group variables and quantity variables. Fur-
thermore, the Plotly library extends the features of the plot by adding Lasso Select,
autoscale, and data-toggle tooltip. Finally, color palettes, transparency, point size,
and point shape are available options to improve the overall appearance of the graph.
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The Data Analysis section (not present in web apps tailored to middle school students)
allows the user to perform statistical tests like the chi-square test and the t test to compare
the characteristics of the plants under different environmental or experimental settings.

Finally, the web apps maintain a validator system detecting any illegal actions done by
users and providing meaningful error messages. The website and web apps are accompa-
nied by a specialized Google user group (wi-fast-stats) for general questions.
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Data Upload

Test Type
Data Visualization Welch Two Sample t-test T-Test v
data: x and y . _
Data Analysis t = 1.0031, df = 74.794, p-value = 0.319 Data Analysis Option:
alternative hypothesis: true difference in means is not equal to @
X (O Equal Variance
FAQ 95 percent confidence interval:

-0.1306210 0.3955849
sample estimates:

mean of x mean of y
2.862745 2.730263 option, the standard t test is run, but if the user unchecks

this option, then the Welch t test is run instead (that does
not assume equal variances).

Equal variance: The standard t test assumes equal
variances on the two groups. If the user checks this

Group Variable Quantity
O plant.ID O plant.ID
O cotyledons @ cotyledons
@ generation O generation
O parents O parents
Group one:
P -
Group two:
o -

T test: Statistical test of the null hypothesis of equality of
means of a numerical variable ("Quantity”) on two groups
("Group variable"). If the selected group variable has more
than two categories, the user will select the two groups to
compare.

TTest

How to interpret the result? If the p-value s less than
0.05, we reject the null hypothesis of equality of means.
The confidence interval represents the interval for the
difference of means.

Assumptions of t test: The t test assumes normality,
equal variance and independence. Take a look at this link
that illustrate how important normality and
independence are in the t test results

Figure 3: WI Fast Stats web app corresponding to the WI Fast Plants webinar on the selection of
polycot plants: https://wi-fast-stats.wid.wisc.edu/cotyledon/.

Future work

WI Fast Stats will be continuously evolving to provide data visualization and data
analysis capabilities for the ever-growing needs of the WI Fast Plants community.
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Data Visualization

Plot Option:
Plot Type

BoxPlot -

Box Plot: Plot a numerical variable ("Quantity") by groups
(“Group variable"). Solid black line in the box represents the
median, and the upper and lower edges of the box represent
the 3rd and 1st quartiles respectively.

Data Visualization:

Please select the two variables to use in the plot and click on

the button to generate the plot.
Group Variable

O Plant

@ Treatment

O Root_length_mm

O shoot_length_mm

O Root_to_Shoot_ratio

O Total_length

Add data points

Add data points: This option allows the user to add a
scatterplot of the data where each dot corresponds to one

observation (row) in the dataset.
Color

BluetPurple

About colors: Click the FAQ tab in the left sidebar for more

details on the color palettes
Point Shape

Solid Circle

Transparency:

0 [&:]

Point Size:
o 8

Box Plot. ‘
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Figure 4: WI Fast Stats web app corresponding to the WI Fast Plants webinar on the effect of the
ecosystem on the plants.: https://wi-fast-stats.wid.wisc.edu/ecosystem/.
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