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ABSTRACT

Although the use of tables, graphs, and figures to summarize information has long existed, the advent
of the big data era and improved computing power has brought renewed attention to the field of data
visualization. As such, it is crucial that introductory statistics courses train students to become critical
authors and consumers of data visualizations. To that end, we have developed a semester-long, instructor-
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supported, group project that exposes students to this growing field. We have found this project to be an
exciting and effective way to teach students the power of statistics and, more importantly, the critical role
context plays when interpreting statistics. Among the many benefits of this project are hands-on learning,
improved mathematical reasoning, and better collaboration and communication skills. In this article, we
describe the project structure, project assessment, and techniques for facilitating effective group work.

1. Introduction

In his 1977 book, Exploratory Data Analysis, John W. Tukey
writes “the greatest value of a picture is when it forces us to
notice what we never expected to see” (Yau 2007). The need
to visualize data to learn about the world and solve problems
has existed for centuries and is just as important today. William
Playfair, often considered the founder of statistical graphics,
created the line graph, bar chart, pie chart, and circle graph
to display economic data (Sack 2014; Norman 2016). Who
can forget John Snow’s map of the 1854 cholera outbreaks
in the London area that were used to pinpoint the source of
the epidemic (ASA and RSS n.d.; Frerichs n.d), or Minard’s
famous graph of Napoleon’s March on Moscow, which is widely
regarded as the quintessential example of a multivariate data
display (Tufte 2006)? Graphical displays continue to evolve and
develop alongside our technological capabilities. In 1977, when
computer graphics were lacking, John Tukey developed the now
ubiquitous box-and-whisker plot, which is easy to draw by hand.
Standards for the visual display of data many rely on today
were developed in 1982 by Edward Tufte. The amount and
type of data that we are able to collect, display, and analyze
also continues to grow and evolve. Indeed, in 1996, before the
phrase “big data” was coined, it became more economical to
store data digitally than through the use of a physical medium
(Morris and Truskowski 2003; Press 2013). Shortly thereafter, in
2002, the amount of data stored digitally surpassed that stored
non-digitally (Press 2013). Big data, characterized by the “3
Vs” (volume, velocity, and variety) presents both opportunities
and challenges to statistical analysts and consumers alike (Press
2013). Ultimately, researchers need to be able to understand and
communicate the limits of a set of data, those questions that can

be answered from the data, and appropriate interpretations of
the data (Boyd and Crawford 2012).

It is clear that the field of data visualization has been around
for a very long time. However, advances in technology and
the advent of the big data era have brought renewed focus on
data visualization as it offers the best medium for parsing the
patterns, signals, and underlying structure in large datasets. So
what is data visualization? Perhaps one of the best definitions
is one proposed by Alberto Cairo: “A [data] visualization is any
visual display intended to reveal evidence, making the invisible
visible” (2015). In essence, a data visualization allows us to delve
into complex datasets to glean meaningful insights through
the use of graphical displays. In describing data visualizations,
Cairo highlights an important, albeit subtle, difference between
data visualizations and infographics; a distinction that lies in
their purpose. Infographics are designed with a particular nar-
rative and guide the audience to a specific conclusion. As such,
infographics are often subjective and have a narrow focus. In
contrast, data visualizations are primarily concerned with fur-
nishing evidence and allowing the audience to explore and come
to their own conclusions about what the displays reveal about
the data (Cairo 2014).

Data visualization is a perfect vehicle for teaching students
the importance of context in statistics (Boyd and Crawford
2012) while also teaching them graphical techniques. We believe
it is imperative that students in introductory statistics courses
learn to make sense of data around them, to thoughtfully analyze
data displays, and, consequently, become critical consumers of
data and statistics. To that end, we have developed a semester-
long data visualization group project in which students begin
by learning to critique data visualizations that surround them

CONTACT Lynette M. Hudiburgh @ hudibulm@MiamiOH.edu e Department of Statistics, Miami University, 311 Upham Hall, Oxford, OH 45056.

© 2020 The Author(s). Published with license by Taylor and Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited. The moral rights of the named author(s) have been asserted.


https://doi.org/10.1080/10691898.2020.1796399
https://crossmark.crossref.org/dialog/?doi=10.1080/10691898.2020.1796399&domain=pdf&date_stamp=2020-08-15
http://orcid.org/0000-0002-6919-4005
mailto:hudibulm@MiamiOH.edu
http://creativecommons.org/licenses/by/4.0/

2 (&) L M.HUDIBURGH AND D. GARBINSKY

online, in print, and in the media. Then, we provide students
with the tools to create their own data visualizations. Our data
visualization project has the following objectives:

o To promote hands-on learning and equip students with a rele-
vant and marketable skill: In today’s age of big data, the ability
to visualize data and communicate their story is a crucial skill
to possess.

o To build communication skills: Students must present and
communicate their process and results.

o To facilitate team-building and group work: Students will be
required to work on teams in future work environments.

o To develop critical thinking and statistical thinking: Students
are encouraged to think deeply about data and information.

o To identify misleading visualizations: Students become criti-
cal/careful consumers of statistics.

o To avoid misleading visualizations: Students will commu-
nicate the story of the data in a truthful, insightful, and
enlightening manner.

« To encourage creativity and engender an appreciation for the
application of statistical/mathematical thinking to analyzing
and exploring data: Students work with datasets of their
choosing and see how statistics is applicable everywhere.

Due to its collaborative nature, the data visualization project
is a high impact practice, which leads to increased rates of
student engagement and retention (Kuh 2008). The design of
the data visualization project relies on recommendations from
the Guidelines for Assessment and Instruction in Statistics Edu-
cation (GAISE) College Report 2016, which were developed by
the American Statistical Association (ASA) to guide college
instructors in curriculum development (GAISE College Report
ASA Revision Committee 2016). In particular, we have interwo-
ven the following six GAISE recommendations throughout the
project:

GAISE 1. Teach statistical thinking.

GAISE 2. Focus on conceptual understanding.

GAISE 3. Integrate real data with a context and purpose.

GAISE 4. Foster active learning.

GAISE 5. Use technology to explore concepts and analyze data.

GAISE6. Use assessment to improve and evaluate student
learning.

In the following project description, we demonstrate how
each of the six GAISE recommendations are embodied in the
data visualization project.

2. Project Description

The data visualization project is a semester-long group project
in which students find data that interests them and generate a
one-page suite of static graphical and/or tabular displays of that
data. In keeping with Cairo’s definition, students are tasked with
producing data visualizations that tell the story of the underlying
data (Cairo 2015). The project consists of several components
to be completed both in-class (during face-to-face sessions) and
outside of the classroom. Key project deliverables include the
dataset(s) that will be used to generate the data visualization,
a rough sketch (either a drawing or text description) of the

planned content and layout of the data visualization, and two
drafts (one rough and one final) of the data visualization. Addi-
tional details about the project description, deliverables, and
timeline are provided in Appendices A and B.

We have used this project in our algebra-based introductory
statistics course. This course is for non-mathematics and non-
statistics majors and meets our university’s quantitative rea-
soning general education requirement. The course is currently
taught in a blended, flipped classroom format, in which 40%
of the content is presented online and 60% of the content is
taught face-to-face. We also use this project in our fully online
course, which is offered in the summer over a period of six
weeks. Our introductory statistics course covers topics such as
descriptive statistics, simulation, probability, sampling distribu-
tions, inference for one and two samples, and regression. Please
see Appendix B for additional details including student learning
outcomes and a schedule of topics taught in the course.

Since our online introductory statistics course is offered dur-
ing the summer over a 6-week period of time, we have had
to streamline the project for that course. Students still work in
teacher-created groups of 3-4 and are encouraged to meet over
Google Hangouts. Given the time constraints in the summer,
instead of having students find their own data, we provide
them with four datasets to choose from for creating their data
visualizations. Furthermore, we assign fewer components of
the project. In the online course, students complete the group
contract, project plan, rough draft, and final data visualization.
While we have not had the online groups present their projects
to the class, plans are underway to have the groups create a short
video and post it in a discussion forum.

2.1. Motivation and Educational Goals

The data visualization project is an opportunity for hands-on
learning. While we do spend some class time working on the
project and checking-in with groups, the majority of the work on
the project is completed outside of class. The benefit of having
the project span the entire semester is that students have time
to revisit their project and improve upon it as their statisti-
cal knowledge grows. While rich and rewarding, this project
can initially feel quite overwhelming to students; particularly
those who have never taken a statistics course before and are
intimidated by the concept of data analysis. The project requires
them to find at least one dataset pertaining to a topic of interest
(GAISE 3), create several different displays to tell the story
behind the data (GAISE 4, 5), illustrate the salient characteristics
of the data (GAISE 1, 2, 3, 4, 5), work on teams with people
from different backgrounds (GAISE 4), and, finally, present their
work (GAISE 6).

Despite these challenges, we have found that requiring our
students to choose their own data (GAISE 3) increases interest
and motivation for the project. Assigning students to work on
the project in groups of three or four provides support as well as
diverse perspectives. We take great care when assigning students
to groups. We want to ensure that each group is heteroge-
neous with respect to class level (freshman, sophomore, junior,
senior), gender, domestic versus international, and major. To
that end, we stratify by the aforementioned characteristics and



then randomly assign groups. Furthermore, the project allows
students to develop those soft skills, or interpersonal skills, that
employers find so valuable: communication, teamwork and col-
laboration, adaptability, critical observation, problem-solving,
leadership, and conflict resolution (Bortz n.d; Mind Tools, Ltd
n.d).

The beauty of this project is that it is scaffolded throughout
the entire semester. Scaffolding, also referred to as instruc-
tional support (Lange 2002; Larkin 2002), makes the project
less intimidating and assists students in successfully completing
the project by breaking it down into more manageable tasks
(Lipscomb, Swanson, and West 2004). Understanding students’
prior knowledge and abilities is crucial in using scaffolding
effectively (Lipscomb, Swanson, and West 2004). According
to Benson, when scaffolding is done correctly, it serves as a
support, building upon what “students already know to arrive
at something they do not know” (1997, p. 126). The process
requires the instructor to gradually remove the scaffolding as the
students learn more about the topic (Wood, Bruner, and Ross
1976; Vygotsky 1978). The structure of the project incorporates
two steps of scaffolding; (1) leading students “from what they
already know to a deep understanding of new material,” and (2)
providing “support to the students at every step of the learning
process” (Turnbull et al. 1999, pp. 641-642). Many students
have superficial knowledge about data displays from previous
math courses taken at the secondary level. This project helps
students develop a deeper understanding of data displays as they
work with their chosen datasets. We provide support for the
students by giving them the time and opportunity to explore
their chosen datasets in more detail as they learn about descrip-
tive statistics and data visualization principles in class (GAISE
1-5). Throughout the semester, time is built-in for the project
teams to conference with the instructor and receive both formal
and informal feedback about their progress (GAISE 6). Addi-
tionally, the students are required to complete several activities
and submit several deliverables (described in the next section
and included in the appendices) to assist in their internalizing
knowledge about statistics and data visualization as they work
through the project (GAISE 1-6). As Garfield and Ben-Zvi
exhort, it is the role of the instructor to “..provide a carefully
designed learning environment, appropriate technological tools,
and access to real and interesting datasets, as well as scaffolding
guidance to students’ emerging statistical reasoning” (2008, p.
43).

2.2. Project Activities and Deliverables

In this section, we describe key components of the project
and their sequence. A complete project timeline is provided
in Appendix A. Information about where each component of
the project fits within the scope of our course is provided in
Appendix B. While this timeline works best for us, it can be
adapted to fit the needs of your students.

2.2.1. Introduction to Data Visualization

Before introducing the data visualization project and assigning
teams, a PowerPoint presentation which defines data visual-
ization and explains the principles of graphic design based
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Table 1. Principles of graphic and analytical design.

Principles of graphic design (Cairo
2015)

Principles of analytical design (Tufte
1982)

o It is easier to identify objects by
color than by shape.

o Prevent your audience from asking
“s0, what?” by showing
comparisons, contrasts, and
differences.

e Guide the audience in their
exploration of the data’s story by
providing an explanation,
showing structure, and causality,
if relevant.

o Create multivariate displays.

e When possible, use direct labels
instead of a legend.

e Elements such as text, lines,
shapes, etc,, that have the same
nature must look alike.

o Strive for a balance between
graphics and text.

e Words, numbers, images, and
diagrams should be completely
integrated.

o All sources, including data sources,
must be cited.

o The content of your visualization is
paramount—avoid creating a
“data dump.”

e Be wary of the default options of
visualization software.

e Use a grid layout to organize your
visualization.

on work by Alberto Cairo (2015) and principles of analyti-
cal design provided by Edward Tufte (1982), is shared with
the class (see Table 1). The PowerPoint presentation includes
positive and negative examples of data visualizations to help
illustrate these principles in action. Our approach is to facilitate
group discussion about these examples to encourage students
to begin thinking about applying the principles of graphic and
analytical design. By doing this, we also prepare our students
for the next component of the project, which is described in
Section 2.2.2. This in-class discussion is the first of many exam-
ples of scaffolding provided throughout the project (Benson
1997; Turnbull et al. 1999). Additionally, we introduce the data
visualization project prior to teaching students about graphical
displays as it helps to motivate students to learn about creating
and interpreting data displays. Please note, we do not require
multivariate displays as students do not formally learn about
multivariate relationships (regression and multiple regression)
until the end of the course. Students who wish to investigate
multivariate relationships are exploring on their own and we
provide individual guidance.

2.2.2. Good Viz, Bad Viz

Having introduced data visualization and assigned project
teams, teams are tasked with finding examples of good and bad
data visualizations and writing brief critiques of each one. A
student handout for this assignment is included in Appendix C.
Teams are asked to apply the principles of analytical and
graphic design from the PowerPoint presentation to differentiate
between good and bad data visualizations. Furthermore, each
team shares their good and bad examples for class discussion.
This component of the project is a crucial first step because it
gives students the opportunity to implement concepts they have
learned about data visualization and learn from the examples
and critiques presented by their peers (GAISE 2 and 4).

2.2.3. Data Submission
Next, students are required to find a dataset or datasets to use for
creating their own data visualizations (GAISE 3). We encourage
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students to select data from subjects or contexts that interest
them. It is imperative that students are given guidance in the
data selection process; they need to know where to look for data,
and what type of data is appropriate for analysis. Oftentimes,
students will find data that is not usable due to having too
few observations, being in aggregate, or not including enough
different variables. To get our students started, we provide them
with a list of places to find a variety of data (Appendix E). We
continue to support their efforts (scaffolding) by checking in
with them during class and answering their questions about the
data selection process (Lipscomb, Swanson, and West 2004).

2.2.4. Project Plan

With suitable data in hand, the next step for the project teams
is generating a sketch of the plan for their data visualization.
This sketch can either be created by hand or through the use of
technology. At this stage of the project students begin to think
about which software they will use to create their data visual-
izations. In class, we demonstrate how to use StatCrunch™—
Data analysis on the Web (Pearson Education ©2007-2019).
We suggest other software options for generating data visualiza-
tions, but students are free to use any software they wish for this
project. In the past, students have used Microsoft Excel, Google
Sheets, Piktochart (Malaysia Incorporated Company ©2019),
StatCrunch, and +ableau public, which is available free online
(Tableau Software ©2019). While we do not provide formal
in-class training on any software, except for StatCrunch, we
do assist individual groups with any software issues they may
experience.

The Data Visualization Project Plan (instructions and rubric
found in Appendix F) requires students to list the variables of
interest, indicate which data displays they intend to create, pro-
vide a brief description of any statistics they intend to include,
briefly describe the narrative, and create a working title for
the project. In our experience, a key benefit of this exercise is
that many students discover the data they have selected is not
sufficient for creating all of their planned displays. Sketching a
plan before generating displays alerts them to their need for sup-
plementary data before it is too late. As part of this assignment,
students give a brief presentation of their project plan to the
class. This allows them to receive valuable feedback from their
peers, which they can use to augment their own ideas for the
project (GAISE 6). This process of giving and receiving feedback
further encourages a spirit of collaboration and community in
the classroom.

2.2.5. Rough Draft of Data Visualization Project

Another crucial component of the project is the rough draft
(the directions and rubric can be found in Appendix G). At
minimum, we require a working title, at least two data displays,
some narrative, and a brief description of any additional data
displays they intend to add to their final draft. However, we
encourage our students to submit as complete a draft as possible;
the more complete their rough draft is, the better feedback
we can provide. There are several reasons for requiring the
submission of a rough draft. First, the rough draft provides us
an opportunity to check in with each project team and ensure
sufficient progress is being made toward completing the project.

If necessary, it allows for timely intervention. Additionally, the
rough draft gives students an opportunity to receive valuable
feedback regarding their ideas for the project (GAISE 6), which
can therefore be incorporated before the submission of the final
draft. Consistent and helpful feedback leads to better student
learning (Garfield and Ben-Zvi 2008). Not only do students
need to be given time to reflect on any feedback received, they
should also be given time to make adjustments before receiving
a final grade (Garfield and Ben-Zvi 2008). Accordingly, our
project timeline allows four weeks between the submission of
the rough draft and the presentations of the final Data Visualiza-
tion projects. Finally, the rough draft familiarizes the instructor
with each project and, consequently, provides a head-start on
grading the final projects.

2.2.6. Presentation of Final Data Visualization Project

After receiving and incorporating feedback on their rough
drafts, the project teams present their finalized Data Visualiza-
tion projects to the class. These brief presentations give students
the opportunity to showcase their work, answer questions from
their fellow classmates, review the work of their classmates, and
provide and benefit from feedback. In their presentations, each
group discusses the data they used and their process in choosing
data displays and statistics to tell the story behind the data. They
also give a brief overview of where the data were obtained, the
findings of the analysis, and suggestions for further analysis or
exploration. The act of presenting one’s work and defending it
(GAISE 4) is a skill that will serve them well throughout their
academic careers. The Data Visualization Group Presentation
Rubric can be found in Appendix H. While these presentations
do take up precious class time, they are well worth the invest-
ment; rich discussions ensue as fellow classmates ask questions
about the context of the data and give suggestions for different
ways to display the data. Presenting their work in class also
gives students one final round of feedback. We encourage our
students to make further revisions to their projects based on the
feedback they receive. To facilitate this revision process, there
is one week between the presentations and the due date for
their final projects. The rubric for the final Data Visualization
project can be found in Appendix J. A grading checklist, used
by graduate assistants and instructors to provide consistency in
scoring projects, can be found in Appendix K. For examples of
exemplary student work, please see Appendix M.

2.3. Facilitating Group Work

As many students and faculty will attest, group work can
either be a wonderful or terrible experience for all involved.
To increase the likelihood of the former, all project teams
are required to submit a group contract before beginning the
project. The group contract specifies a code of conduct all
group members agree to follow (Weimer 2013; Huang 2014;
Mind Tools and Ltd 2016). These contracts assist with devel-
oping group norms, creating individual and group account-
ability, improving group dynamics, and discussing issues that
often cause groups to implode. When students are encouraged
to establish expectations for individual and group behavior
upfront, fewer miscommunications occur and group members



are more apt to contribute their fair share of the work. Moreover,
in the event of a conflict requiring the instructor’s mediation, the
group contracts assist in understanding each individual’s role in
the project, which in turn leads to more effective resolution.

The Group Contract instructions and discussion questions
can be found in Appendix D. When creating a group contract,
students discuss the following items:

« acommunication plan, specifically the mode and frequency
of communication;

o how the leadership role of the group will be filled;

o aschedule for group meetings and a timeline for completion
of the project components;

o a specific plan for how they will collaborate on the various
project components;

« who will be responsible for submitting each of the project
components; and

o aplan for resolving any intragroup conflict that may arise.

Since these are introductory level students, for some this may
be their very first college group work experience. Therefore, to
maximize the probability of success, time is spent in class getting
to know each other, creating the group contract, and brain-
storming ideas for the project. We think it is imperative that the
instructor be present to assist in the group process; discussing
the benefits of working in a group, answering questions about
the project, helping students to brainstorm ideas, and ensuring
each member of the group has an opportunity for their voice
to be heard. While spending one day in class sets a foundation
for groups to succeed, we recommend building future in-class
check-ins into the schedule where the project teams can discuss
their progress with each other and the instructor. This can
be done informally by just visiting with each group, or more
formally by requiring groups to submit an assignment (e.g., data,
a plan for the project, a graphical display). Checking in with
groups periodically is another example of the scaffolding pro-
vided throughout the project (Turnbull et al. 1999). An effective
way to ensure groups are working toward a common goal is to
take some time to teach groups about the scrum principle, which
allows teams to see how they actually work, and provides them
with tools to improve the group process and the quality of their
work (Sutherland and Sutherland 2014). We suggest requiring
groups to share their answers to the following three questions
on a weekly basis:

o What have you done since the last report?
« What do you plan to do before the next report?
» What struggles and/or obstacles are getting in your way?

Many group projects are plagued by social loafing, “the tendency
for individuals to expend less effort when working collectively
than when working individually” (Karau and Williams 1993,
p. 681). There are three ways to reduce social loafing; (1) limiting
the size and scope of the project, (2) limiting the size of the
group, and (3) incorporating peer evaluations (Aggarwal and
O’Brien 2008). While limiting the size and scope of this project
is not possible, we do have small groups of 3 or 4 students work
together on the project, and we require students to evaluate their
team members using a Peer Feedback form, which is available in
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Appendix I. On this form, students are asked to detail the con-
tributions of each of their team members, including themselves.
They are also asked to rate each person’s contributions relative
to the other members of the group. Finally, to ensure more
meaningful and constructive feedback, the form also includes a
section soliciting examples of each team member’s contributions
to the project.

2.4. Project Assessment

Assessment of the project can be challenging as there are many
different ways to tell the story behind a set of data. Certainly, for
students, one of the most difficult aspects of the field of statistics
is its inherent ambiguity. Therefore, it is essential to utilize
a rubric (Appendix J) to provide transparent and consistent
grading of all submitted projects. It is imperative students are
given clear guidelines for the project along with the instructor’s
expectations (Garfield and Ben-Zvi 2008). When introducing
the project, we give the students access to the rubric so they
will know precisely how they are being assessed. We also remind
students to look at the rubric often while creating their project.
One way to assist students in understanding the rubric is to
give examples of projects from previous semesters and have
them grade the projects in their groups. Then, ask each group
to submit their scores for the projects (using clickers to ensure
anonymity). Finally, take time to discuss each of the projects
and why it received the score it did. This is also a good way
to train graduate assistants or other instructors in grading data
visualization projects. When grading projects for large classes in
which there are hundreds of students, consistently applying the
rubric is paramount.

While the instructor uses the rubric to evaluate each of the
submitted projects, assessment should extend beyond the final
project deliverables themselves. Students need the opportunity
to reflect on their own learning and their experiences through-
out the entirety of the project. Reflection allows students to
process what they do and do not know, which strengthens their
capacity to learn (Moon 1999; Bransford, Brown, and Cocking
2000; Barrett 2007; Block 2014; Di Stefano et al. 2016). Accord-
ing to John Dewey, an American philosopher, psychologist, and
educational reformer, “We do not learn from experience...we
learn from reflecting on experience” (1933, p. 78). Indeed, the
form of the reflection impacts its efficacy (Clark 2011). Often-
times, students do not take time to reflect on what they have
learned unless it is required, which is why we require students
to complete a self-evaluation and look back on all they did for
the project; objectives met, results obtained, and contributions
to the group. The self-evaluation assignment (instructions and
rubric in Appendix L) incorporates the three levels of reflec-
tion; reacting, elaborating, and contemplating, as identified by
Surbek, Eunhye, and Moyer (1991). In reacting, students have
the opportunity to comment on how they felt about the project.
While elaborating, students compare their experiences in the
Data Visualization project with other group projects in which
they have participated, and with other in-class activities that
have been used to help them learn about descriptive statistics.
Through contemplating, students focus on insights and chal-
lenges (Surbek, Eunhye, and Moyer 1991). Students choose at
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least one question from each of the three reflection categories
for a total of five questions. Each question is graded on the depth
of the response. Questions from the self-evaluation assignment
are listed below.

REACTING

« What is one part of your work that you are most proud of?
« What did you like best about the project?
o What did you like least about the project?

ELABORATING

« What did you learn about descriptive statistics and data
visualization?

« How did the time and effort required to complete this assign-
ment compare to what you learned?

o How can we tweak the project to meet your needs?

CONTEMPLATING

o What did you learn about working with others in a group?

o What did you learn that you can transfer into your work or
personal life?

« What was the biggest challenge?

o What suggestion would you give to others as they work on
this project?

Students are often very proud of their efforts. Time and again,
they attest to the value of the project and how the structure of
the project provides them with the requisite support they need to
complete it successfully. Included below is a selection of student
comments taken from their reflections. For ease of reading, each
reflection is entitled with its most salient point.

Applying the principles of design:

I learned that in data visualization, it is important to keep
things simple yet varied. Too many words, colors, and pic-
tures can distract a viewer from the real point of the project.
At the same time, having too many of the same type of
graph can become boring and repetitive. Therefore, in order
to portray one’s message effectively, you have to be simple
yet diverse in the visualization of data, which requires more
forethought than I originally expected.

Value of receiving feedback for each iteration:

The time and effort correlated to the amount learned. We
learned from the mistakes we made in the drafts previous to
gain a deeper understanding on data visualization from the
long period of time assigned to work on the project. After
each draft and feedback received, we learned more and more
about what was expected in a data viz display.

Scaffolding:

I liked how this project had a due date every week that
pertained somewhat to the progression of class. For example,
we had to gather data right after we had an assignment in lab
pertaining to gathering and cleaning good data. The way the
due dates are set up allow us to focus on one aspect at a time
which i [sic] found to be very helpful.

Positive group experience:

This was one of the first times where I was involved in a group
project and ALL of the group members actually contributed
in a positive manner. So I learned that was possible and
I learned to trust others to get their delegated work done.
Normally when working with others, one or two people
are usually stuck doing all the work. That's why I've always
preferred to do things on my own anyway. But through this
experience I've realized the prevailing efficiency of teamwork
among 4 people who genuinely care about the product they
put out.

Application of statistics:

Statistics can be applicable to relatively any subject, so it can
definitely benefit me to continue to gain a better and better
understanding for how to present data for different subjects
and classes. Furthermore, group projects are prevalent in a
variety of classes and I'm sure I will have many more to come.
That being said, I think the lessons I learned about group
work can be carried over into those future situations.

Strengths of diverse groups:

I learned that all group members bring different strengths to
the table. For example, some bring good ideas to the table
while other bring strong analytical skills to the table. I also
learned how hard it is to coordinate group activities. Alot
[sic] of college students have crazy schedules so coordination
was hard.

3. Conclusion and Future Research

This is one of the most relevant, interesting, and exciting
projects that we have had the opportunity to share with our stu-
dents. The quality of work and resulting level of student learning
continues to impress. This project truly opens our students’ eyes
to just how much statistics and data are infused into their daily
lives. To celebrate their achievements, we hold a small contest.
We select the best six data visualization projects (one from each
large lecture section) and award each group member from the
winning projects a certificate and a small gift card to a local
restaurant. Students are genuinely excited and look forward to
seeing the winning projects. Actually, last semester one of the
students who was awarded a certificate said he was so proud of
what he and his group accomplished he was going to frame his
certificate. Taking a few minutes to celebrate their achievements
in class is time well spent as it serves to motivate the students
throughout the semester.

As data visualization continues to evolve, we anticipate this
project will also change and grow to meet the ever-changing
needs of our students. While our project currently focuses on
the creation of static data displays, one could certainly create a
project in which the focus is on more dynamic and interactive
displays (for example, in a course with students who have more
advanced programing skills). Or, in a class in which you have
more time, you could have students suggest a research question,
collect their own data, create visualizations, and even perform
inferences to answer their questions. Our hope is that by sharing



our project with you, you will be inspired to incorporate data
visualization in your own class and give your students a chance
to tell you a story.

Appendix A: Project Instructions
Data Visualization Group Project

Introduction
One of the challenges faced by anyone who works with data, be they a
statistician, journalist, research scientist, business analyst, etc., is to tell the
story of the data. Often when working with data, it is difficult to discern
patterns and gain insight by simply looking at data tables. The current era of
big data has brought with it an increased emphasis on the need for effective
data visualization. A successful data visualization is one that reveals new
insights about the data, is elegant, sparks curiosity, and generates new
questions by challenging the audience to think about the data in a way they
haven’t done before. As John Tukey so eloquently said:

The greatest value of a picture is when it forces us to notice what we never
expected to see.

Overview of the Project

You will be working in teams of three or four to create an original visual-
ization using data of your own choosing. Your objective is to tell the story
of your chosen data through a variety of graphical displays and numerical
summaries. Below is a list of general requirements for the final draft of your
data visualization:

« The project must include enough context and background information:
There should be a good balance between text and graphics so that the
text does not overwhelm the graphics.

 The final project must fit on a single page (it can be poster size).

« All data sources must be cited directly below each graph or table.

o The final project must be submitted in Canvas as a PDE. Only one
member of the group needs to submit the final project.

***Please refer to the rubric for more detailed information about the expec-
tations and evaluation criteria for the final project. Please refer to the data
visualization PowerPoint for analytical and graphic design principles to guide
your project.

This project consists of the following components. Please refer to the
rubric and instructions provided in Canvas for details concerning each
component.

» Group Contract

« Data Submission

« Rough Sketch of Plan

« Critiquing Data Visualizations
« Rough Draft

o Group Presentation

o Final Draft

o Peer Evaluation

o Self-Reflection

WEEK OF THE
SEMESTER

ACTIVITY OR DELIVERABLE)
(SUBMISSION)

Team building activities and group contract
Good viz, bad viz

Data submission on Canvas

Present and submit Data Viz Project Plan
No visualization deliverable due

Group check in

Data Viz Rough Draft submission on Canvas
No visualization deliverable due

No visualization deliverable due

No visualization deliverable due

O 00 N O\ Ul W

[
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12 Data Viz Presentations in class

13 Final Data Viz Project submission on Canvas

14 Data Viz Peer Review and Self-Reflection submission on
Canvas

NOTE: this list of activities and deliverables only pertains to the Data Visual-
ization Project. We will be working on other statistical content throughout the
semester. Please see Appendix B for a more complete listing of topics covered.

Appendix B: Semester Schedule with Project
Components Bulleted

Week #  Student Learning Objectives

(SLOs)

Topics

1 1. What is Statistics?

Simulation

Differentiate between descriptive
and inferential statistics and
different types of studies.

2. Use simulation to solve research
questions.

. Classify data as qualitative or
quantitative. If data is
quantitative, classify it as either .
discrete or continuous.

2. Create and interpret graphical

displays for qualitative data.

3. Create and interpret graphical

displays for quantitative data.

4. Describe quantitative

distributions using SOCS (shape,
outliers, center, spread).

5. Identify characteristics of

misleading graphs.

6. Calculate measures of center and

measures of variation and

determine which summary

statistics are more appropriate for

a set of data.

Descriptive statistics

Data Viz
Component: Team
building activities
and group
contract

. Identify response and explanatory

variables.

2. Differentiate between .
observational and experimental
studies.

3. Create experimental design
diagrams.

4. Identify lurking and confounding
variables.

5. Distinguish a sample from a
population.

6. Explain the concept of a sampling
frame and bias that arises when
the sampling frame does not
match the intended population.

7. Identify potential biases in
selecting samples (sampling bias,
undercoverage, nonresponse bias,
response bias, and bias due to
wording).

8. Compare and contrast three
different types of random
sampling: simple random, cluster,
and stratified random sampling.

9. Explain why good sampling

techniques are necessary in

conducting both observational
and experimental studies.

Study Design

Data Viz
Component:
Good Viz, Bad Viz
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Week #  Student Learning Objectives Topics
(SLOs)
4 1. Use rules of probability to Probability
determine likelihood of events.
2. Read and interpret contingency o Data Viz
tables. Component: Data
3. Find conditional probability. Visualization
4. Determine if two events are Project Data due
independent.
5 1. Read and create probability Probability
distributions of random variables.  Distributions
2. Calculate and interpret the mean
of a random variable. « Data Viz
3. Use the binomial distribution to Component:
calculate probabilities of Submit and
Bernoulli trials. present Data
4. Calculate and interpret the mean Visualization
and standard deviation of a Project Plan
binomial random variable.
5. Identify the basic properties of,
and sketch a normal curve.
6. Determine areas under the
standard normal curve, and other
normal curves. Find probabilities
for any normally distributed
variable from areas under the
curve.
7. Determine z-scores
corresponding to specified areas
under the standard normal curve.
Determine percentiles
corresponding to specified
normal curves.
6 Includes all SLOs from weeks 1-5 Exam 1
7 1. Differentiate between population, ~ Sampling
data, and sampling distributions. Distributions of the
2. Compute the mean and standard Sample  Proportion
deviation of the sampling and the Sample Mean
distribution of the sample
proportion. o Data Viz
3. Compute the mean and standard Component:
deviation of the sampling Check in with
distribution of the sample mean. Data Visualization
4. Identify the conditions needed for Groups
the Central Limit Theorem (CLT)
to hold.
5. State and apply the Central Limit
Theorem (CLT) in problem
solving situations.
8 1. Compute and interpret a Confidence Intervals

large-sample confidence interval
to estimate a population
proportion.

2. Compute and interpret a
confidence interval (t) to estimate
a population mean.

3. Compute and interpret the
margin of error for the estimate of
por 4.

and Bootstrapping to
Estimate a Population
Proportion and a
Population Mean

Week #

Student Learning Objectives

Topics

(SLOs)

4.

. Determine the sample size

Explain the relationship between
the sample size, the confidence
level, and the precision of a
confidence interval.

o Data Viz
Component: Data
Visualization

required for a specified Rough Draft due

confidence level and margin of
error for the estimate of p or .

. Determine when to use the “plus

four” interval for proportions.

. Assess the assumptions necessary

to construct confidence intervals.

. Bootstrap to construct and

interpret confidence intervals to
estimate a population mean
and/or a population proportion.

. Write null and alternative

. Perform and interpret the results

One-sample
Hypothesis Tests for
Proportions and
Means

hypotheses.

of a large-sample hypothesis test
for a population proportion.

. Perform and interpret the results

of a one mean t-test.

. Identify Type I and Type II errors

and their consequences in
context.

. Choose an appropriate

significance level based on the
consequences of committing Type
T'and Type II errors.

. Interpret the p-value in context of

scenario.

. Check the assumptions necessary

for the one-proportion z-test.

. Check the assumptions necessary

for the one-mean t-test.

10

. Perform and interpret

Two-sample Inference
for Proportions and
Means

large-sample inferences
(hypothesis tests and confidence
intervals) to compare two
population proportions.

. Determine whether the samples

from two populations are
independent or paired.

. Perform and interpret an

independent samples mean ¢-test.

. Construct and interpret an

independent samples mean
t-interval.

. Perform and interpret a paired

t-test.

. Construct and interpret a paired

t-interval.

. Check assumptions for each

two-sample inference procedure.

11

Includes all SLOs from weeks 7-10

Exam 2




Week #  Student Learning Objectives Topics
(SLOs)

12 1. Obtain and graph the regression Simple Linear Regres-
equation for a set of data points, sion
interpret the slope of the
regression line, and use the « Data Viz
regression equation to make Component: Data
predictions. Visualization

2. Identify outliers and influential Presentations in
observations. class

3. Calculate and interpret the
correlation coeficient, r, and the
coefficient of determination, r2.

4. Compute and interpret residuals.

13 1. Interpret the meaning of # and B;  Inference for Regres-

in the regression model. sion
2. Calculate and interpret the three
sums of squares (SST, SSE, and o DataViz
SSR) and the standard error of the Component: Final
estimate (s,). Data Visualization
3. Perform and interpret a Project due
hypothesis test (on ;) to
determine if x is useful for
predicting y.
4. Obtain and interpret a confidence
interval for estimating 8,
5. Compute and interpret a
prediction interval for estimating
asingle y at a given x.
6. Check assumptions necessary for
regression inference.

14 1. Identify advantages of multiple Multiple  Regression
regression over simple linear (without Interactions)
regression.

2. Check assumptions necessary for o Data Viz
multiple regression inference. Component: Peer
3. Interpret multiple regression Evaluation and
computer output. Self-Reflection
4. Determine which predictors due
contribute to the model.
5. Use the F statistic and its
associated p-value to make an
appropriate conclusion about the
model.
15 Includes all SLOs from weeks 1-14 Finals Week

Appendix C: Critiquing Data Visualizations
Assignment

An Exercise in Critiquing Data Visualizations

Objective

The purpose of this exercise is to ensure that you are able to critique data
visualizations that exist in the world around you. In this exercise, you
will use the concepts and principles outlined in the Data Visualization
PowerPoint to identify successful and unsuccessful visualizations and then
evaluate how they succeed or fail.

Tasks

« Find one good example and one bad example of a data visualization.

JOURNAL OF STATISTICS EDUCATION e 9

o Write a brief (3-4 sentence) critique of each visualization. Be sure to
incorporate specific principles from the Data Visualization PowerPoint
in your evaluation. Submit your critique on Canvas by **insert due date
here**.

« On two separate pages, print each critique with the corresponding
visualization and bring them to class on **insert due date here**.

Please do not use two-sided printing as you will be sharing your visualizations
with the class and will need to display them separately.

« During Thursday’s class, each group will compare each member’s exam-
ples and choose the “best” good example and the “best” bad example
from their group. After the group discussion, each group will report out
to the class and share the examples they chose from their group and
describe what made them either good or bad.

Please note: Don’t forget to cite the sources of your data visualization
examples using APA format.

Appendix D: Group Contract Instructions

Data Visualization Project—Group Contract

Now that you've been assigned to a group, its time to determine how
your group will operate. We want the group projects in this class to be
an enjoyable experience for all of you. One way to ensure that you have
a better experience is by taking the time to carefully fill out a good group
contract and code of conduct. A good group contract and code of conduct
will include, but are not necessarily limited to, the following items. You are
welcome to include any other additional information.

Please read all instructions carefully before making a copy of this docu-
ment and completing the contract.

Instructions

1. You must complete all items thoroughly as a group.

One person may not complete this contract on behalf of the entire
group. All group members must be involved. Each group member is
required to type his/her name at the end of the contract. Typing your
name serves as your signature that you have read and accepted the terms
of the contract. Students that do not participate in the group contract will
not receive credit for the group contract.

Please note: Typing another group member’s name for him/her is a form
of academic dishonesty.

2. Communication is key.

You can meet in person, online via Google Hangout, call each other
on the phone, exchange emails, do groupme texts, etc. I strongly rec-
ommend that you make a copy of this document on Google Docs and
complete it together as a group.

3. Only one person in the group needs to submit the group contract (as
a PDF) on Canvas.

4. It is imperative that you include as many specific details as possible
when you fill out the contract.

The more details you include, the better positioned your group will be to
avoid any miscommunication and/or any conflicts.
Group Contract and Code of Conduct

1. How will you communicate? Will you communicate via a mass email list,
where anything that one group member sends is received by all? Will you
exchange cell phone numbers? Will you meet in person? Any or all of the
preceding?

2. How often will you be expected to check for updates from your group
members?

3. Will there be a group leader, or will this task be rotated in some way?
How will you ensure that all project deadlines are met?

4. Create a group calendar to set a schedule for group meetings according
to the project due dates and include it here. Include a timeline of when
you will complete the various components of the project.

5. How will all group members work collaboratively on this project
throughout the course of the project? Will you share ideas using Google
Docs? Some other way? Please explain.
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6. Who will be assigned to submit the Group Contract on Canvas?

7. Who will upload the different components of the Group project (i.e.,
data, rough draft) into Canvas?

8. What will be your group’s policy, if any, on covering for one another if
need be?

9. *Important**

What policy will you have in place to resolve any intragroup conflict that
may arise (for example, if a group member neglects to carry out his or her
delegated duties to post their results on time, or if a group member is not
receiving or responding to group updates as often as expected in item 2
above)?

You may use the instructor as a higher court of appeals - but you will first be
expected to document that you implemented your initial conflict resolution
plans per your contract and to update the instructor on the outcomes of your
own attempts to resolve the conflict.

All group members must type their names below to indicate that they
have participated in this group contract and understand the group’s expec-
tations.

Group Member #1:

Group Member #2:

Group Member #3:

Group Member #4:

Appendix E: Places to Find Data

o http://www.smartdatacollective.com/bernardmarr/ 235366/ big-data- 20-
free-big-data-sources-everyone-should-know

o http://www.cdc.gov/datastatistics/

 http://data.worldbank.org

o http://www.cdc.gov/nchs/data/hus/hus09.pdf

o http://libguides.geneseo.edu/c.php?g=67454¢p=434785#s-1g-box-

1300425

o http://www.sportsdatallc.com/

o http://www.odh.ohio.gov/healthstats/dataandstats.aspx

o https://www.datalumos.org/datalumos/

o https://collegescorecard.ed.gov/data/

o https://github.com/fivethirtyeight/data

o http://www.the-numbers.com/

o http://insideairbnb.com/get-the-data.html

o http://www.pewresearch.org/

Appendix F: Project Plan Instructions and Rubric

Data Visualization Project Plan

Create a sketch and written description of your plan for the project. Your
plan should include:

o the variables of interest

« the different data displays you intend to use (at least by name)
o abrief description of any statistics you intend to include

o abrief description of your narrative

« apossible title for your project

Ratings Description

Exemplary Submits a plan of the project on time. Plan includes
a list of the variables of interest, brief, clear
descriptions of the statistics and the narrative that
will be included. Includes a possible title for the
project. May include different data displays. Or, may
list data displays the group intends to include. The
project is feasible. The group is off to a good start.

Proficient Submits a plan of the project on time. Plan includes
a list of the variables of interest, a description of the
statistics and narrative that will be included, a list of
the different data displays and a possible title for the
project. The descriptions are clear but could use
some work. The project may be feasible. The group

is off to a fairly good start.

Developing Submits a rough draft of the project plan on time.
Plan includes a list of the variables of interest, a
description of statistics, and a list of the different
data displays that will be included. Plan may or may
not include a brief description of the narrative
and/or a possible title. The descriptions need work
and may not be well organized. The project may not

be feasible. The group needs some direction.

Beginning Submits a rough draft of the project plan late. Or,
plan does not include at least three of the following:
a list of the variables of interest, a description of
statistics to be included, the different data displays
that will be included, a description of the narrative,
and/or a possible title. The descriptions are unclear.

The project is not feasible. The group needs focus.

Unsatisfactory No plan was submitted.

Appendix G: Rough Draft Instructions and Rubric

Data Visualization Rough Draft

Please upload a copy of the rough draft of your data visualization group
project as a PDF by **insert due date here**.

For full credit your rough draft must be submitted on time and include
a working title, at least two data displays, and some narrative. (Please note:
the more of your project that you have completed, the more valuable the
feedback you receive will be.)

Additionally, please give a brief description of any additional displays
you plan to include in your final project.

Only one person per group needs to submit a copy of the rough draft.

Ratings Description

Exemplary Submits a rough draft of the project on time. Rough
draft includes a working title, at least two data displays
and some narrative. Includes a brief description of any
additional displays that will be added to create the final
project. The project is very creative. Descriptions are

coherent and clear. The group is off to a good start.

Proficient Submits a rough draft of the project on time. Rough
draft includes a working title, at least two data displays
and some narrative. The project has the potential to be
creative. Descriptions are clear but could use some

work. The group is off to a fairly good start.

Developing Submits a rough draft of the project on time. Rough
draft may or may not include a working title. There is at
least one data display and some narrative. The project
lacks originality, or it is piecemealed together. The
descriptions need work and may not be well organized.

The group needs some direction.

Beginning Submits a rough draft of the project late. Or, there are
not any data displays. Or, no narrative is included.
Rough draft may or may not include a working title.
There is at least one data display and some narrative.
The project is not creative and is piecemealed together.

The descriptions are unclear. The group needs focus.

Unsatisfactory ~ No rough draft was submitted.



http://www.smartdatacollective.com/bernardmarr/235366/big-data-20-free-big-data-sources-everyone-should-know
http://www.smartdatacollective.com/bernardmarr/235366/big-data-20-free-big-data-sources-everyone-should-know
http://www.cdc.gov/datastatistics/
http://data.worldbank.org
http://www.cdc.gov/nchs/data/hus/hus09.pdf
http://libguides.geneseo.edu/c.php?g=67454&p=434785#s-lg-box-1300425
http://libguides.geneseo.edu/c.php?g=67454&p=434785#s-lg-box-1300425
http://www.sportsdatallc.com/
http://www.odh.ohio.gov/healthstats/dataandstats.aspx
https://www.datalumos.org/datalumos/
https://collegescorecard.ed.gov/data/
https://github.com/fivethirtyeight/data
http://www.the-numbers.com/
http://insideairbnb.com/get-the-data.html
http://www.pewresearch.org/

Appendix H: Presentation Rubric

Data Visualization Group Presentation Rubric

Group Presentation Rubric
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Appendix I: Peer Feedback Form

Peer Feedback for Data Visualization Group Project

Directions: Please fill out this form completely. Use one column for each
group member and the last column for your self-evaluation. Be sure to

Exemplary The group thoroughly discusses their process in include specific examples when required.
12 points choosing data displays and statistics to tell the story Thank you in advance for providing honest feedback! Please note: only
behind the data. They incorporate context in their the instructor will see your comments.
disc.us.sion of their graphic.al displ.ays and the First AND Last Name of Team YOURSELF
statistics used. They also give a brief overview of Member
where the data were obtained, the findings of the
analysis, and suggestions for further analysis and/or For the following section, please rate your group members on a
exploration. Correct terminology is used scale of 1 to 4, where 1 = “Terrible” and 4 = “Great.”
throughout the presentation. You do not need to justify your responses in this section.
Proficient The group discusses their process in choosing data Attendance at meetings held outside
9 points displays and statistics to tell the story behind the of class by the group
data. They incorporate context in their discussion — -
of their graphical displays and the statistics used. Amount of Fontnbutzon "?‘”’de of
They also give a brief overview of where the data group meetings to the project
were obtained and the findings of the analysis. They Quality of contribution outside of
may or may not offer suggestions for further group meetings to the project
analysis and/or explorations. There may be minor
omissions/errors. Correct terminology is generally Effectiveness in working
used throughout the presentation. collaboratively e.g., sharing
decision-making with others, soliciting
Developing The group discusses their process in choosing data others’ ideas, encouraging, energizing)
6 points displays and statistics to tell the story behind the
data. They have an inadequate connection to the For the following section, please give specific examples to clarify
context in their discussion of their graphical and explain each of your answers.
displa}rs and the statistics used. They give a brief What specifically did this group
overview of where the data were obtained and/or :
. . member contribute toward the
the findings of the analysis. They may or may not roiect?
offer suggestions for further analysis and/or project:
explorations. A key omission or inaccurate Relative to other team members, how
conclusion may also have been made. Correct would you describe this person’s
terminology is generally used throughout the contribution?
presentation. - -
What are this person’s major
Beginning The group attempts to discuss their process in strengths? What have they brought to
3 points choosing data displays and statistics to tell the story  the table for your group?
behind the data but fails to expose some key ideas. - -
Terminology and reference to context are How could this person improve
inadequate or missing. A presentation was his/her effectiveness as a member of
attempted, but it is difficult to understand, or your team? P leafe note: In order to
severely lacking,. receive full credit, you must suggest
improvements.
Unsatisfactory No presentation -
0 points How likely would you be to

recommend this person to another
team? On a scale of 1 to 10, please
state the option that best describes
your recommendation, with 1
indicating “Do not work with this
person” and 10 indicating “Work with
this person!” Please justify your
response.
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Appendix J: Final Project Rubric

Data Visualization Group Project Rubric

Title

Ratings Description Points

Exemplary The project includes a descriptive, 4
informative, and intriguing title that grabs
the reader’s attention helps the reader better

understand the data.

Proficient The project includes a descriptive title that is 3
informative OR intriguing, and it helps the

reader better understand the data.

Developing The project includes a descriptive title that 2
does not help the reader better understand

the data.

Beginning The project includes a title. 1

Unsatisfactory ~ No title. 0

Context

Ratings Description Points

Exemplary Provides enough pertinent background 8
information about the data so that the

reader clearly understands any abbreviations

used as well as the context from which the

writer gathered the data.

Proficient Provides enough pertinent background 6
information about the data so that the

reader clearly understands any abbreviations

used but communicates only limited

information concerning the context from

which the writer gathered the data.

Developing May not provide enough pertinent 4
background information about the data so

that the reader clearly understands any
abbreviations used, and communicates very

little, or no information concerning the

context from which the writer gathered the

data.

Beginning Provides limited pertinent background 2
information about the data so that the

reader does not clearly understand any
abbreviations used, and communicates no
information concerning the context from

which the data were gathered.

Unsatisfactory ~ Provides no pertinent background 0
information about the data so that the

reader does not clearly understand any
abbreviations used, and communicates no
information concerning the context from

which the data were gathered.

Balance between Text and Graphics

Ratings Description Points

Exemplary There is a good balance between text and 20
graphics. The graphics are the focus of the
visualization and are not overwhelmed by

lots of text. All graphics stand alone and can

be understood without having to read the

text. Additionally, the text is concise and

does not explain characteristics of the data

that are visible in the graphs.

Proficient

There is a fairly good balance between text
and graphics. The text does not overwhelm
the graphics, for the most part. Most of the
graphics can be understood without reading
the text. Also, the text may explain some of
the characteristics of the data that are visible
in the graphs.

15

Developing

An attempt has been made to balance text

and graphics. Most of the graphics cannot

be understood without reading the text, or,
the text explains characteristics of the data
that are visible in the graphs.

10

Beginning

There is a poor balance between text and
graphics. Either the data visualization is too
text heavy or has a sparse amount of text.
None of the graphics can be understood
without reading the text. The text may
explain many characteristics of the data that
are visible in the graphs.

Unsatisfactory

The data visualization does not include both
text and graphics. It is either all text or all
graphics without any text.

Accuracy of Graphical Displays

Ratings

Description

Points

Exemplary

All graphs are created correctly. Graphs are
titled and well labeled. The graphs make use
of direct labeling instead of using legends.

Proficient

Generally, each graph is created correctly.
There may be minor omissions or errors.
Graphs may be titled or labeled, but not
necessarily both. Some graphs use legends
instead of direct labels.

Developing

Some of the graphs are created correctly.
There are, however, significant errors in one
or more graphs or a plethora of minor
mistakes. Graphs may be titled or labeled.
Most graphs use legends instead of direct
labels.

Beginning

An attempt has been made to create graphs
correctly, but the effort is flawed in some
major way. Graphs may be titled or labeled.
All graphs use legends instead of direct
labels.

Unsatisfactory

No graphs are present.

Appropriateness of Graphical Displays

Ratings

Description

Points

Exemplary

All graphical displays are appropriate for
displaying the data and highlight key
features of the data. Variables are plotted on
the same graph when comparisons between
them are desired.

8

Proficient

The majority of the graphical displays are
appropriate for displaying the data and
highlight key features of the data. When
comparisons are desired between two or
more variables, most are made on the same
graph.
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Developing At least half of the graphical displays are 4 Developing Some of the statistical terminology has been 6
appropriate for displaying the data. Graphs used correctly and appropriately. Some of
may or may not highlight key features of the the reported statistics are correct and
data. When comparisons are desired appropriate. There are, however, significant
between two or more variables, some are errors, or a plethora of minor mistakes. The
made on the same graph. rounding rule may not be applied.
Beginning Fewer than half of the graphical displays are 2 Beginning Some attempt has been made to use 3
appropriate for displaying the data. Graphs statistical terminology and/or statistics
may or may not highlight key features of the correctly and appropriately, but the effort is
data. No multivariate comparisons are made. flawed in some major way, or statistical
) ) - terminology and/or the statistics are just
Unsatisfactory ~ None of.the graphlcal (.ilsplays are 0 thrown in without thought. The rounding
appropriate for displaying the data. Graphs rule may not be applied.
do not highlight key features of the data.
Variety of Graphical Displays Unsatisfactory ~ No attempt to report any summary statistics. 0
X . 3 Organization, Transition, and Appearance
Ratings Description Points
Exemplary Uses a variety of different displays to present 12 Ratings Description Points
unique perspectives and reveal new insights Exemplary The project shows evidence of careful 20
about the data. Where appropriate, organization, flows naturally from graphical
multivariate graphs are used for displays and statistical summaries to
comparisons between variables. narrative, and is neat in appearance.
The visualization answers an interesting Judicious use of space and color make the
question and tells a compelling story. visualization “pop.”
- - - - The project is a cohesive whole, not just
Proficient Uges a variety of different displays tq pr'esent 9 individual displays piecemealed together.
unique perspectives and reveal new insights The visualization fits on a single page and
abou.t thc? data. Where appropriate, utilizes the grid layout. The project makes
multlva?late graphs are us.ed for use of visual hierarchy to guide the audience
comparisons l?etween variables. . . through the story of the data. No distracting
The V}suahzatlon may answer an interesting fonts or unnecessary clip art used.
question but doesn't tell the whole story.
- - - Proficient There are minor flaws in one of the areas: 15
Developing Uses'at %east two different displays to .reve?al 6 organization, transition, or appearance.
new insights about the data: No multivariate Judicious use of space and color make the
8r aPhs are used for comparisons between visualization esthetically pleasing, overall.
varl.ables. The visualization fits on a single page and
An 1ncomplete att'empt has .been made to utilizes the grid layout.
answer an interesting question and tell a
compelling story. Developing There are major flaws in one of the areas: 10
Beginning Uses two .dii."ferent displays to reveal 3 g;grilr;;fzit:t)ﬁ’ag:?}i?soeﬁ’ go ; oagz:rg;l Sc;i\;[ay
characteristics of the data. A flawed attempt and color.
has b?en made to answer an 1¥1terest1ng The visualization fits on a single page and
question and to tell a compelling story. may or may not utilize the grid layout.
Unsatisfactory ~ Only includes one typ? of datg display. May 0 Beginning Completely inadequate in two of the areas: 5
or may not answer an interesting question organization, transition, and appearance.
or tell a compelling story.
N . Unsatisfactory  Inadequate in all three areas. 0
Appropriateness and Accuracy of Statistics
N . N English Mechanics
Ratings Description Points
Exemplary All statistical terminology has been used 12 Ratings Description Points
correctly and appropriately All reported Exemplary The narrative is grammatically correct, 4
statistics are used correctly and help to tell punctuated properly, and flows logically
the story; they are not just tacked on from one point to the next. No spelling
somewhere. The rounding rule has been mistakes.
consistently applied. Proficient The narrative has a minor flaw in one of the 3
Proficient Statistical terminology is generally used 9 following areas: grammar, punctuation,
correctly and appropriately. Reported logical flow, or spelling.
statistics are generally used correctly and - - — -
appropriately. There may be minor Developing The narraFlve has significant errors in one of 2
omissions or errors. The rounding rule may the'followmg areas: grammar’ Punctuatlgn,
not be applied consistently. logical flow, or spelling, OR minor flaws in
two areas.
Beginning The narrative has major flaws in at least two 1

of the following areas: grammar,
punctuation, logical flow, or spelling.
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Unsatisfactory ~ The narrative has major flaws in more than 0
two of the following areas: grammar,

punctuation, logical flow, or spelling.

Utilized Feedback

Ratings Description Points

It is evident that students have utilized 8
feedback from the rough draft and

presentation extensively and incorporated it

into the final project. Or, rough draft and
presentation were exemplary, and no

revisions were necessary.

Exemplary

Proficient Utilized feedback from rough draft and 6
presentation and made major changes to the
final project. A few minor revisions are still

needed.

Developing Utilized some feedback from rough draft 4
and presentation and attempted to make

major changes to the final project.

Beginning Utilized some feedback from rough draft 2
and presentation and made minor changes

to the final project.

Unsatisfactory  Did not utilize feedback from rough draft 0
and presentation. Did not make any changes
between the rough draft, presentation and

the final project.

Source Documentation

Ratings Description Points

Exemplary Direct URLs for data sources are provided 4
for ALL graphs and tables. URLSs for all data
sources are included below the

corresponding graph or table.

Proficient Direct URLs for data sources are provided 3
for MOST graphs and tables. URLSs are
included below the corresponding graph or

table.

Direct URLs for data sources are provided 2
for SOME graphs and tables OR the URLs

do not link directly to the data source. URLs

are included below the corresponding graph

or table.

Developing

Beginning Direct URLs for data sources are missing for 1
almost all graphs and tables AND the URLs

do not link directly to the data source.

Unsatisfactory ~ No data sources are referenced. 0

Appendix K: Final Project Grading Checklist
Data Visualization Group Project Grading Checklist
Title—4 points

1. Does the project have a title? Yes (1) No

2. Does the title describe the data, or explain what the project is about? Yes

(1) No

3. Does the title stand out clearly in the project? Is it large enough in

comparison to the project? Yes (1) No
4. Ts the title interesting? Does it grab the reader’s attention? Yes (1) No

Context and Narrative—8 points

1. Is there enough background information for the reader to understand

the data viz? Yes (1) No

. If any abbreviations are used, are they defined? Yes (1) No
. Is the context for the data provided in the narrative so that the reader

can understand the graphs and data displays? Yes (1) No

. Is there a topic sentence? Yes (1) No
. Are enough details provided so that the reader can understand the data

without including information that can be read from the graphs? Yes (1)
No

. Is there a conclusion? Yes (1) No
. Has statistical terminology been used correctly? Yes (2) No

Balance Between Text and Graphics—20 points

6.

. Is there a good balance between text and graphics? Yes (4) No
. Are graphics the focus of the Data Viz and not overwhelmed by text? Yes

(4) No

. Are the font sizes appropriate for each part (i.e., title, narrative, graph

titles, etc...) Yes (3) No

. Can graphics stand alone? [Opposite is needing text to understand

graphics.] Yes (3) No

. Text does not explain characteristics of the data that are visible in the

graphs? Yes (3) No
Is the text concise? Yes (3) No

Organization (Layout), Transition, and Appearance—20 points

N =

AN U1 A~ W

. Is the project carefully organized? Yes (2) No
. Does the project flow from statistical summaries, graphical displays and

narratives? Yes (2) No

. Does the project fit on a single page? Yes (2) No

. Is the project neat in appearance? Yes (2) No

. Does the project make good use of space and color? Yes (2) No

. Is the project a cohesive whole? [Note: opposite is individual displays

piecemealed together.] Yes (2) No

7. Does the project utilize the grid layout? Yes (2) No

e

9.

. Does the project make use of visual hierarchy to guide the audience

through the story of the data (i.e., font sizes and sizes of graphs)? Yes
(2) No
There are no distracting fonts? Yes (2) No

10.There is no unnecessary clip art? Yes (2) No

English Mechanics—4 points

1.
2.
3.
4.

Is the narrative grammatically correct? Yes (1) No

Is the narrative punctuated properly? Yes (1) No

There are not any spelling mistakes? Yes (1) No

Does the narrative flow logically from one point to the next? Yes (1) No

Accuracy of Graphical Techniques—8 points

1.

How many graphs are created correctly?

(a)Which graphs are not created correctly?
for each)

(-1 point

. How many graphs are titled?

(a)Which graphs are not titled? (-1 point for each)

. How many graphs are labeled correctly?

(a)Which graphs are not labeled correctly?
each)

(-1 point for

. How many graphs use direct labeling instead of using legends?

(a)Which graphs do not use direct labeling?
for each)

(-1 point

Best Way to Graphically Represent the Data (Efficient)—8 points

(e.g., using a pie chart to display categorical data with 12 categories is

not the best way)

1.

How many graphical displays are appropriate for displaying the data?

(a)Which graphs are not created appropriately? (-1
point for each)



2. How many graphs highlight key features of the data?

(a)Which graphs do not highlight key features of the data?
(-1 point for each)

3. Are variables plotted on the same graph when comparisons between
them are desired? Yes (2) No

Variety of Graphical Displays—12 points

1. How many types of graphical displays are there? (1
point for each)

2. How many different displays present unique (different) perspectives
about the data? (1 point for each)

3. How many different displays highlight different key features of the data?

(1 point for each)

4. Does the visualization answer an interesting question, or tell a com-

pelling story? Yes (3) No

Appropriateness and Accuracy of Summary Statistics—12 points

1. Are summary statistics reported (either in a table or in the narrative)?
Yes (3) No

2. Are the reported statistics used correctly? Yes (3) No

3. Do the reported statistics help to tell the story? [For example, just tacking
statistics on somewhere does not help to tell the story.] Yes (3) No

4. Has the rounding rule been applied consistently? Yes (3) No

Utilized Feedback—8 points

1. Isit evident students have utilized feedback, if applicable, from the rough
draft? Yes (4) No

2. Is it evident students have utilized feedback, if applicable, from the
presentation? Yes (4) No

Source Documentation—4 points

1. Are the data sources cited? Yes (2) No

2. Are direct URLs for data sources provided for ALL graphs and tables?
Yes (1) No

3. Are URLs for data sources included below the corresponding graph or
table? Yes (1) No

Appendix M: Examples of Student Work
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Appendix L: Self Reflection Instructions and Rubric

Self Reflection for Data Visualization Group Project

There are three levels of reflection; reacting, elaborating, and contemplat-
ing. Share your reflections on the Data Viz Group Project by choosing and
answering at least one question from each reflection category, for a total
of 5 questions. In order to receive full credit, your responses must be written
using complete sentences. Your responses must be well thought out and
include specific examples! (10 points)

Reacting

1. What is one part of your work that you are most proud of?
2. What did you like best about the project?
3. What did you like least about the project?

Elaborating

1. What did you learn about descriptive statistics and data visualization?

2. How did the time and effort required to complete this assignment
compare to what you learned?

3. How can we tweak the project to meet your needs?

Contemplating

1. What did you learn about working with others in a group?

2. What did you learn that you can transfer into your work or personal life?
3. What was the biggest challenge?

4. What suggestion would you give to others as they work on this project?

Data Viz Self Reflection Questions Rubric

Reflection Questions (5 total)

Answers the Self Reflection question thoroughly. Pro- 2
vides a well thought-out response that includes details
and examples.

Answers the Self Reflection question. Provides a 1
response that includes minimal details and/or examples.

Does not answer the Self Reflection question.

Figure M1. First example of exemplary student work. This data visualization employs a grid layout and makes good use of color. While the graphs are simple, they are
clean and easy to read. The narrative adds to the story and does not reiterate characteristics that can easily be read from the graphs.
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Figure M2. Second example of exemplary student work. Students used Tableau to construct this data visualization. They have employed a variety of different graphs to
tell their story. While the use of clip art is generally discouraged, the addition of the clip art stork works with this data visualization. The students have used color effectively.
The justified text lends a clean, crisp look to the visualization.
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Figure M3. Third example of exemplary student work. Students used Piktochart to create this data visualization. Notice the clean layout, good use of color, and playful

designs created with the text.
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