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Data visualization tools can help teachers engage students who are visual learners. Current
web-tools that focus on the creation of visualizations are not beginner-friendly and require
little support for teachers wishing to implement visualizations into their classrooms. As a
result, teachers rarely use visualization tools. This paper addresses the lack of visualization
tool usage in classrooms, analyzes why this is based on previous research and current
research we conducted, and offers potential focuses a visualization tool should
have—through the lens of our own tool SimpleChartsRI—for pedagogical use.
SimpleChartsRI aims to help high-school teachers create effective visualizations
through a simple user-friendly interface that guides them on best practices.
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INTRODUCTION

Given that 40% of students are visual learners (Ricketts et al., 2018), visualizations are crucial for
students retention. They allow students to make sense of complex data that would otherwise be
difficult to understand. Ricketts found that with current instruction mostly coming in the form of
auditory and textual learning—written and spoken word—students who are visual learners
underperform (Ricketts et al., 2018). With the rise in technology and big data, data and
visualization literacy are becoming necessary skills for students preparing to enter the workforce
in any field—and in the case of visualizations becoming increasingly more present in day-to-day life,
visualization literacy is crucial in a time wheremisinformation is commonplace. Yet, data science and
data visualization classes are not widely common in high schools.

In order to address the low usage of visualizations in classrooms, given that adding entirely new
classes is extremely difficult, one must rely on teachers to incorporate visualizations into their
classrooms. While this would not result in students having the same understanding of data science
and data visualization if they were to take an entire class on the subject, it would help some students
retain key information better in general classes. However, available tools for creating visualizations
are limited in accessibility due to their steep learning-curves, download requirements, sign-in
requirements, and paywalls. The time-cost associated with these limitations can prevent teachers
from incorporating visualizations into their classrooms, and thus harm visual learners and reduce
data and visualization literacy in students.

While current tools offer expansive collections of fancy charts, they fail to deliver the essential
charts—bar charts, line charts, area charts, etc.—in a way that is simple to access for students and
teachers. Available tools provide methods to create charts but provide little support (apart from
random samples of data) to help the user find relevant and effective datasets. For high-school
teachers, finding datasets that engage and connect with students is a difficult task. Additionally, these
tools do not often guide the user on the best visualization practices, which can result in ineffective
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visualizations that fail to deliver on their desired outcome. Having
a tool that helps teachers create visualizations through a simple
process can allow teachers to include visualizations in their
classrooms and help increase data science literacy.

WHY DATA VISUALIZERS ARE NOT
WIDELY USED AS EDUCATIONAL TOOLS

While visualization tools offer unique and effective methods of
delivering information, they are not commonly used
(Knobelsdorf et al., 2012). Knobelsdorf analyzed the use of
visualization tools by teachers and students when teaching and
learning programming respectively and found that both parties
tend not to use visualization tools (Knobelsdorf et al., 2012).
Hundhausen, as cited by Knobelsdorf, claimed that teachers who
used visualizations were most likely apart of the development
process of that tool (Knobelsdorf et al., 2012).

The reason for the low usage of visualization tools is
practicality according to Knobelsdorf (Knobelsdorf et al.,
2012). While tools can help students simply visualize complex
concepts, there is an associated cost for teachers when using these
tools. This cost comes in the form of time. If a teacher is interested
in a visualization tool and wants to utilize it to, for instance, create
a chart, they must first learn the tool, then find a good dataset that
is suitable for their lesson and will likely be intriguing to their
students, and then finally find a way to incorporate that
visualization into their lesson plan. For something as simple as
adding a single chart into their lesson, the time-cost associated
with this process makes it unlikely for a teacher to utilize a
visualization tool.

This idea of practicality being a reason teachers do not use
visualization tools is supported by Astafieva when she analyzed
the responses from 41 higher education professors and found that
about half of the respondents rarely or never use digital
visualization tools when teaching Mathematics (Astafieva
et al., 2020). The responses for the lack of systemic use
concerning data visualization tools (Table 1) were high time
spent on preparation for classes (76%), lack of methodological
support (73.7%), and a lack of digital skills (26.3%).

In May of 2020 we sent our own survey to Rhode Island high-
school teachers. This survey was sent to teachers interested in
attending a Data Visualization workshop. 13 high-school teachers
who taught Science, Computer Science, Math, and Data Science
responded. When asked, “Do you think your students will have
the necessary skills at graduation for a Data Science major in
college?” (Figure 1) the responses were as follows: 23% of

teachers reported that all their students would be prepared,
while 77% of teachers answered that some/few of their
students had the necessary skills to major in Data Science.
When asked further about whether they believed their school
was equipped to teach students the skills they needed to know for
a Data Science major or career (Figure 2), 23% said yes, 69% said
they were somewhat equipped, and 8% said they were not
equipped. In response to the previous question, when asked
what their school might need in order to be better equipped
(Figure 3), most teachers said they would need more teachers,
computers, and training/personal development.

In summary, based on our surveys as well as past research,
resources and lesson plans that teachers can utilize/create under
guidance can increase the likelihood of visualizations entering a
classroom.

RELATED WORKS

EduClust is an online application for teaching clustering
algorithms that supports both real time teaching and learning
in the classroom. The design was based on cognitive processes of
active learning for the students to apply the algorithms, analyze
them, evaluate, and then create their own. It has 15 pre-loaded
examples of different as well as a create mode for users to import
their own JSON file (Fuchs et al., 2019). In SimpleChartsRI, we
also took a similar approach by having real time pre-loaded data
that teachers can use on the go in the classroom and students can
use as inspiration to create their own data.

CORGIS is a free, open-sourced web-based tool created at
Virginia Tech to enable CS professors to use it as a teaching tool
to teach non-CS majors data science. This tool contains over
40 real-time datasets that have been cleaned up and simplified for
beginners (Bart et al., 2017). The visualizations created through
the pre-loaded data can be interacted with but to an extent. The
tool lacks interaction, such as highlighting or zooming the
teaching capabilities of focusing on or hiding specific data.
Our data also focuses on proximity techniques primarily to
Rhode Island.

Visualization Resources is a web-based catalog for open-
source resources for data visualization such as tools, survey
papers, literature, and other websites. It is aimed at students,
practitioners, and researchers. This web catalog was created to
reduce the need to blindly search for data visualization resources
(Liu et al., 2021). SimpleChartsRI is similar as we have a resource
tab that includes slides on our workshop, activity books for
teachers and students, auto-graded activities, and teacher-

TABLE 1 | Survey responses (Astafieva et al., 2020).

Why are digital
visualization tools not
used systematically?

Survey
Responses (n = 41)

High time spent on preparation for classes 76%
Lack of methodological support 73.7%
Lack of digital skills 26.3%

FIGURE 1 | Teacher Responses to the question asking if students have
the necessary skills to graduate for a data science major in college.
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created activities. Our tool is more focused on data visualization,
but we too want to give resources to our users, especially teachers
and students.

Many Eyes is a public web-based tool for uploading data and
creating interactive visualizations. Its focus is on its powerful data
analysis capabilities and accessibility to users who don’t have
much experience with visualizations. This tool also allows for
communication amongst the community of users as well. With a
registration requirement, users can comment on other
visualizations and have discussions or link other resources
(Viegas et al., 2007). Having this feature and having the
accounts as a requirement is geared more towards older and
single users and isn’t a tool that would allow quick simple access
in the classroom.

METHODS

SimpleChartsRI is a free web-tool focused on simplicity and
accessibility. Unlike other visualization tools, it is specifically
targeted towards teachers. It provides resources to help
teachers build effective visualizations as well as references to
visualization activities made by teachers and students. High-
school teachers in the Rhode Island/New England area helped
shape the focus of the site through surveys that asked for their
most requested features. Written in HTML, CSS, and JavaScript,
our tool utilizes multiple libraries such as Chart. Js and PapaParse
to help high-school teachers create effective charts from csv data.

Creating a chart is a three-step process (Figure 4). First, the user
uploads, creates, or selects (from a sample list) some data
(Figure 5). Second, they choose a chart that best fits their data
(Figure 6). Then third, users are given options to customize,
interact with, and download their created chart. SimpleChartsRI
was tested in multiple browsers such as Chrome, Firefox, Opera,
Edge, and Safari. It is available at simplechartsri.com.

Data Input and Parsing
Data can be uploaded through a csv file, chosen from a list of
samples, entered as raw text (as Comma Separated Values or Tab
Separated Values) in a textbox, or created through a table on the
site. Creating data through the table allows users to drag and drop
or copy and paste some data from another application like Excel,
which further allows users to modify that data on the site itself.

SimpleChartsRI is deliberately designed to minimize features
and allow users to create charts out of their data as quickly as
possible. Uploaded or created data is expected to already follow a
certain format. After some data is submitted, the data is parsed.
All files are parsed locally on the user’s computer. This is done to
protect the user’s privacy and ensure any sensitive data is not
uploaded to a server or transmitted over the internet. The tool will
parse through the file using PapaParse which is the fastest in-
browser CSV parser for JavaScript. Data is parsed one row at a
time and all values are stored as arrays of rows. Each column of
data is stored as the same index of each array. The first column in
a file is used as the header for x-axis values and will be converted
as the first element in each array. The following columns are used

FIGURE 2 | Teacher Responses to the question asking if schools are equipped to teach data science.

FIGURE 3 | Teacher Responses to the question asking about school needs.
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as the corresponding y-values which follow the respected x-axis
value. If needed, x-axis values are concatenated. All chart types
follow this format, except for bubble charts which require a
slightly different format because of the radius value which
determines the size of each bubble.

Effective Sample Data
When using datasets in their lessons, teachers have two choices;
to use artificial datasets, or to use real datasets. While artificial
datasets save time, they can fail to motivate students. On the other
hand, using real datasets involves a significant time-cost for
teachers wishing to incorporate some data visualization into
their teaching. This has been a significant problem for
decades, as pointed out by Singer and Willett in 1990:

“Artificial data sets are often used to demonstrate statistical
methods in applied statistics courses and textbooks. We believe
that this practice removes much of the intrinsic interest in
learning to do good data analysis and contributes to the myth
that statistics is dry and dull.” (Singer and Willett 1990).

Artificial datasets not only harms statistics courses, as was the case
with Singer andWillett, but they also harm students on other courses
by preventing students from connecting to a topic, and thus failing to
motivate them. Given advancements in technology—mainly in the
availability of data and in the increasing number of visualization
tools—teachers should strongly consider using real datasets. But the
time-cost associated with finding real-world datasets is still a concern,
even if it has improved.

Until recently, there was a lack of a single unifying source that
pulls together the unique datasets found across the web and
shows them on a single website. Google has attempted to solve
this problem with their Dataset Search feature which allows users
to find thousands and millions of datasets from across the web on
their site alone. This feature relies on websites having the proper
semantics attached to their datasets, and so it is up to the
individual site owners to add the proper metadata. The tool
exited beta on January 23rd, 2020 and is intended for scientists,
data journalists, and anyone interested in data analysis.

With millions of datasets, it can still take time for teachers to find
effective datasets. Many of these datasets found in Dataset Search are

massive in their file size—thousands or millions of rows of
data—and may not be interesting to the average high-school
student. In courses unrelated to Computer Science and Big Data,
these datasets may be too large and complex for beginner analysis.
Overall, many of these datasets may be too overwhelming for
students first being introduced to data analysis or for teachers
looking to incorporate a simple visualization into their classroom
without having to use Python or R, as is typically required when
analyzing large datasets.

As a solution to this problem, SimpleChartsRI provides a
growing list of sample datasets that are relevant and engaging to
students. There are three types of sample datasets; datasets on
popular topics affecting the world such as COVID-19 rates or
climate change, datasets that are about topics popular among
teenage students such as music or sports, and topics that are
particularly effective because of their proximity. For data that is
effective because of proximity, the site currently focuses on data
local to students in Rhode Island and, occasionally, in the
surrounding New England area. All these datasets contain
sample sizes less than 1,000 and, in most cases, contain
samples sizes less than 100, in accordance with feedback we
received from high-school teachers in a survey that asked their
preferred dataset size and based off Singer, who found that
datasets in the 35–75 range were most effective for students
(Singer and Willett 1990).

Effective Charts
SimpleChartsRI focuses on five basic charts: bar charts, line
charts, pie charts, scatter charts, and area charts. These were
chosen as the most useful charts based on a survey from high-
school teachers that asked which charts they would most like
to have.

In the third step of the chart-making process, users can
customize the most impactful aspects of a chart (Figure 7). In
accordance with the idea of simplicity and minimalism as a
design philosophy to assist users unfamiliar with web-tools of
this nature, the available customization options do not allow users
to customize every specific aspect of their chart, as is common in
other tools. Rather, users can customize their chart by giving it a
title, naming the x axis and y axis, choosing a color scheme, and
changing the chart type for different datasets to allow overlapping
datasets of different natures (for example, a line chart can be
overlayed on a bar chart). Certain charts have additional
modification options; bar charts have a toggle to be

FIGURE 4 | simplechartsri.com landing page.

FIGURE 5 | simplechartsri.com choose data step.
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transformed dynamically into horizontal bar charts or stacked bar
charts. If the user is not pleased with the type of chart they choose,
they can also change their chart type without reentering their data
by changing to their desired chart on a dropdownmenu. Once the
user has customized their chart, they can download it as a
PNG file.

Just as chart customization is crucial, so is chart interaction.
Users can explore their data dynamically in their chart in several
ways. They can zoom and pan on the chart to key in on certain
sub-stories being told within the larger story. Users can also
toggle datasets on or off by clicking on their names in the legend
at the top of the chart. This feature, tied in with the ability for
users to hover over datasets in the legend and bring them into
focus (by turning all other datasets transparent except for the
dataset the user is hovering over), allows users to clean up and
simplify their data. This enables users to, at runtime, visually
explore the stories within their data without having to first find
those stories in the, for example, csv files before they can see that
data visually.

Ease-Of-Use
While the surplus of customization options in other tools can
appear beneficial, they can also heighten the learning-curve
associated with these tools and can lead to visualizations that

do not adhere to the best practices. Additionally, many of the
chart types found in other tools are obscure and rarely, if ever,
used by most teachers in their instruction.

Since many powerful visualization tools require complex
interfaces, SimpleChartsRI scales back on the complexity of
these tools while maintaining essential key features to
accommodate beginner users. While having many
customization options and ways of mapping the dimensions of
a dataset can empower users, it can also overwhelm them.
Similarly, having many pages and different screens the user
must navigate through can further alienate users who are new
to a particular tool/website.

Based on this, the site focuses on a three-step process that
allows users to create a chart. Steps progressively unfold as the
user inputs their data and choices into the information fields. This
is done so the user avoids scrolling down the page. Each step is a
separate page and divided so that the main content of that step is
shown on the right, while a panel giving more information for
that specific step is shown on the left. SimpleChartsRI also
includes a brief guide that shows an overview and breakdown
of certain key features. Additionally, all input fields on the chart
page have an assisting tooltip to further clarify their use.

The main priority of the site is interface usability. This is done
for non-tech-savvy teachers in order to ensure that they can
create effective visualizations. Usability optimizations are based
on common practices (large fonts, large buttons, black text on
white backgrounds) while more specific optimizations are based
on Phiriyapokanon’s user interface guidelines for elderly users
(Phiriyapokanon, 2011). Optimizations, some in general terms,
based on these guidelines are as follows: maintain a simple task
structure, make use of multi model communication, avoid using a
scroll bar, avoid all uppercase letters, avoid attention-grabbing
techniques (moving or flashing text), do not use more than four
different font sizes per screen, use sans-serif font, use size 14 or
higher, use left-justified text (for paragraphs, not simple
sentences), maintain consistent commands and menus, offer
some user guidance such as help systems or online manuals,
have page-function unity (one page-one task).

FIGURE 6 | simplechartsri.com select a chart step.

FIGURE 7 | simplechartsri.com chart customization and interaction screen.
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EVALUATION AND APPLICATION

In the Summer of 2021, there was a 3-days workshop for high
school STEM teachers who experienced using the tool and came
up with plans on implementing it into the classroom. There were
11 teachers in total who attended. Following the end of the
workshop, they filled out a survey on the tool’s overall
usability and features.

Customization and Interaction Rating
Using a 1 (not good) to 5 (really good) scale on their overall
experience with the customization and interaction of the charts
they gave an average rating of 4.27. One teacher commented, “I
like that labeling and pop-up information is easy to adjust. This
also means that students become more proficient at improving
the message for their audience.” and another that they would like
to see the addition of trees and maps as other options for charts.
Another teacher also expressed they would like to see additional
features such as double Y-axes. The speaker for the workshop also
gave a presentation on how she would implement the interaction
with the chart into their lessons. In Figure 8, they revealed how
highlighting the RBC count focuses the attention to that data by
keeping the color for that data and greying out the others.

Overall Rating
When asked to give an overall rating using the same scale, the
teachers gave an average score of 4.36. They wrote in their
evaluations “It is very easy to use” and “It seems very easy to
navigate”. Some evaluations also came with ideas to add to the
tool such as having more variety in chart options such as being
able to generate equation of lines and confidence levels, access to
metadata for the samples, and a video tutorial. One teacher also
added that they would like to see a way for the work to be stored
so that users can go back into their previous work. Overall, the
teachers were satisfied with the simplicity of the tool and its ability
to compliment their lessons. They enjoyed that our tool contained
sample data that they could pull up right away in the classroom
without having to search. Lastly, they found that they could

implement the tool into assignments for the students and could
use the tool to increase their students skills of data analysis.

Application
One of the teachers came up with a lesson in which they would
help high school students train their analyzing chart abilities that
they would lack when testing for the PSAT and SAT. Using one of
the sample data from SimpleChartsRI, students would be tasked
with filling out anymissing components: title, labels, and scales by
viewing the source of the data, indicating what the graph is
depicting, and make conclusions about the relations between data
such as the correlation between the lines of data in a line graph as
shown in Figure 9.

Another lesson created was focused more on choosing which
chart type would best visualize the data. The teacher used
example data of pH levels of water both on the surface and
bottom. As shown in Figure 10, they turned the data into three
different charts: line, bar, and pie. After having the students look

FIGURE 8 | simplechartsri.com highlighting feature of the customization and interaction page.

FIGURE 9 | simplechartsri.com created line graph of actual recycling
rate of Rhode Island cities compared to the mandatory rate.
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at the charts, the students would have to answer which chart best
fits the data that is being represented. The answer that is
being sought out is that the line graph is best to show the
correlation between the surface vs the bottom pH levels while
the other two charts make it more difficult to differentiate
between the variations in the pH levels between the surface
and bottom.

Using the same data, another teacher would also have
students look at the correlation between the surface pH levels
and the bottom pH levels. This time though, they would also
need to figure out possible reasons why the surface pH levels
are higher than the bottom. In this way, students would have
to not only analyze the data but also critically think about the
results of the collected data and what conditions affect
the data.

CONCLUSIONS AND FUTURE WORK

The intuitive nature of SimpleChartsRI removes the steep
learning-curve found in other web-tools and enables users to
create effective charts. Beyond allowing users to make static
charts, SimpleChartsRI enables users to interact with their

charts and dynamically simplify their data. Through this, users
can explore multiple stories within their data and save additional
time normally lost to reload their data. With a simple interface
that removes the bloat of features found in other tools—which
leads to users tinkering with customization options rather than
focusing on data—SimpleChartsRI allows users to simply create
effective charts and engage students with their data.

Currently, there are two planned features for SimpleChartsRI;
the first feature focuses on expanding the sample data section to
further assist teachers with finding effective datasets for
classroom use, while the second feature would assist users
with cleaning and restructuring their own dataset in order to
then use with our tool. The former feature would focus on
smaller, engaging datasets. This could come in the form of
hand-picked datasets that would appear to be a more in-depth
collection on the site. It could also come in the form of a search
that brings together datasets from other sites, like Google’s
Dataset Search—though this feature would focus primarily on
small datasets, as previously mentioned. The second planned
feature would help users minimize the time it takes to create a
chart once they find an interesting dataset. The main
functionality of this would revolve around transposing
datasets, cleaning null values from datasets, and removing any

FIGURE 10 | simplechartsri.com creation of line, bar, and pie chart from data table of pH levels by workshop attendees.
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comments or unwanted characters from datasets that would
otherwise cause an error during parsing.
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