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Data Visualization Best
Practices

Day 1: Best Practices and useful tools
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Get to meet fellow teachers, your hosts, and a new friend named Data Science

Day 2
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Making Your Own Visualization

Good v Bad Datasetg

Good v Bad Visualizations

Best Practices: Gui[delines

Best Practices: Formatting

Data Visualization in thelClassroom
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Assessing Biological and Ecosystem Impacts (RT 1) Through

the creation of the integrated Bay Observatory, researchers are
gathering real-time ecological data from Marragansett Bay and
surrounding watersheds, providing highly-detailed assessments
of the bay's ecosystems and interactions between nutrients

and living species.

. N

Assessment RT1

Predicting Ecosystem Response Through Integration (RT 2)

Combining present and historical data, scientists are creating

Enabling Technologies for Improved Detection (RT 3)

models of the bay’s ecosystems, from nutrient distribution to Researchers are developing new platforms to detect chemical

changes in species habits. Models will also develop a clearer and biological interactions in Narragansett Bay, from paper-

picture of how human behavior affects, and is affected by, based devices to biosensor systems. This technology will more

. - -
cosstal environments. MOdG'lng Innovatlﬂn accurately detect the changing environments of Narragansett

Bay, and give the public a chance to collect data.




A42% RHODE
E AW 5 ISLAND
@75 COLLEGE

RI C-AIM Inter Thrusts

IT3 — Stakeholder
engagement

Visualization and Imaging (IT 1) Across thrusts, RI C-AIM is

Educational initiatives are incorporating RI C-AIM research into SURF & SURF+ are paid programs that provide undergraduates =
developing novel approaches to visualization of scientific

. . with first-hand experience in research
college-level courses and senior capstone projects . .
g f proj o —E———— observations in complex ecosystems through collaborations
between engineers, designers, artists and oceanographers, thus

fostering greater understanding from industry leaders, policy

IT2 — Increasing representationin STEAM i
IT1 — Visualization and Imaging
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Scientists and graphic artists are coming together.

e

develop media which help explain research in

stimulating and novel ways.

Diversity Action Committee (DAC): Resources for students and Career Development: Rl C-AIM offers many opportunities in

faculty t ieve inclusiv | ion . . .
aculty to achieve inclusive collaborations research and professional skills training



Blacks and Hispanics underrepresented
Bachelor’s degrees earned by ethnicity, race and across most STEM job clusters

citizenship in 2016 (source NSF)

% of employed in each occupational group who are ...

100 s Temp visa holder mWhite mAsian = EBlack ®Hispanic
. More than one race All employed

—  American Indian or Alaskan Native
N Hispanicor Latino STEM jobs

Black or African American Amongthose whoe work in____jobs
- Asian

70
60
50

40

White e } il Physical science

Math

30

Life =cience

20

Computsr 65

TN

10
Mote: Based on employvedadults ages 25 and older. Whites, blacks

g and Asians include only norrHispanics. Hispanics areof any race.
' Other and mixed race nonr-Hispanics are not shown. Enginesring
Science Engineering Non S&E includes architects. STEM stands for science, technology,
enginesringand math.
Source: Pew Ressarch Centeranalysis of 2014-2016 American
Community Survey {|PLIMS).

“Women and Men in STEM Often at Odds Over Workplace Equity”
PEW RESEARCH CENTER
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How are fish species of
| Narragansett Bay affected by

rising summer temperatures?

Are muscle mechanics and

“oxygen consumption limiting....

factors?

m Coastal Ecology
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Innovation &
Modeling
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Sources: State and local heslth agencies and hospitals.
About this dats
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https://dash-coronavirus-2020.herokuapp.com/
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50000000

More than 50 million people are living with epilepsy globally

live in low-
and middle-income
countries

TREATMENT

CAUSES OF
TREATMENT GAP:

- lack of trained staff

- poor access to anti-epileptic medicines
- socletal misconceptions

- poverty

- low prioritization for the treatment of epilepsy

What is the IMPACT of epilepsy? 3-{

TIMES

GREATER

RISK

OF PREMATURE

DEATH

"

What is the SOLUTION?

Mﬂw"‘ ,\a — 70%

® O
NORMAL LIVES w || *

Epilepsy can be treated with inexpensive With such treatment 70% of people with
and effective anti-epileptic medicines. epilepsy can lead normal lives.




Rate of Covid-19 reproduction, May 8 - June 22
1.6

30% 40% 20% 60%

Percentage of adults who wear a mask at all times when leaving home

Note: This chart includes the 28 states for which there was a sufficient sample size to break out separately. Sample sizes for each of
those states range from 75 to 764 survey respondents.

Source: Axios/Ipsos and rt.live
Graphic: Harry Enten and Janie Boschma, CNN
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Who are we?

Our Students

Lauren Cenedella

Meghan Vanschalkwyk

Destiny Gonzalez

Matthew Spaulding

Samantha Palacio
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Who are you?

Name, school, what you teach

Why you were interested in this particular
workshop?

What do you hope to learn?

What experience with data visualization or
data science do you have?
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What are they?

Data Science

 Collecting, cleaning, and
communicating data

* Use programming
languages, have good people
skills, be able to generate
insights from the data

Data Visualization

* Process of graphically presenting
data to reveal its patterns,
trends, and meaning

e Usually made for big data

e Can be reused with other data
sets



Data Scientists are in demand

Citing reports by LinkedIn,
TechTarget explains that
demand for data scientists
outstrips the number of people
that have the skills to fill those
openings

Data scientists are in high demand

Data scientist job postings, per 1 million postings on Indeed

/—///_//

ecember March June September December Marck lune September December

016 2017 017 A0L7 2007 2018 2018 018 018



What are people saying about data

visualization?

The most common themes found in our
research. All of them have almost the

Frequency of Concepts .
same importance.

Science
17.1%

Storytelling: how you communicate the

Storyztglll;rlg d 3 ta
* The Process: all the steps necessary to
analyze and act on data
Best Pracices * Best Practices: general guidelines on

how to make a visualization

 Science: using the scientific method to
The Process answer a hypothesis/question through
| data

* Ethics: presenting data truthfully to
the best of your ability

Ethics
20.0%




A special note on ethics

ALWAYS ALWAYS ALWAYS question what you're looking at! Any visualization can be
misleading or misinterpreted. Ask yourself:

Where does this data come from?
How was it collected? Is the sample size and diversity satisfactory?

Is this chart an appropriate representation, or would a different style be better?
What is this visualization trying to tell me?

In the chapters of his book, he discusses the many ways a chart might lie. It might be a
product of poor design or use incorrect data. It might include an inappropriate amount of
data, conceal data, or not clearly communicate uncertainty. Or, it might suggest

misleading patterns or pander to pre-existing prejudices.

Bisoux, Tricia. "The Ethics of Data Visualization"



CDC Growth Charts: United States
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https://www.youtube.com/watch?v=bUs_WjwQZvw&t=12s
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Making Your Own Visualization
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Good v Bad Visualizations
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Data Visualization in thgfClassroom

Introductions




How does it apply to the classroom?

®

W

Conventional ways Unconventional ways
Math Health

Science English

Computer Science Art

Creating your syllabus
Reporting to students

Reporting to parents



Health

One of the most iconic data visualizations in the world
of health and nutrition is the food pyramid. In 2011, it
changed to the food plate to make understanding your
ideal diet easier.

In our "What Should | be Eating?" Activity, students
compare the two visualizations, note pros and cons of
each, and then produce ideas for an improved version.

Protein

MyPlate

MyPyramid

STEPS TO A HEALTHIER YOU
MyPyramid.gov




English/Literature

Probably one of the most unsuspecting
places to find big datais in a book. When
working as a team, students can
catalogue words, themes, or phrases
throughout the entire text. There are so
many possibilities of how a novel can be
visualized!

One teacher made a video of his
students' work to analyze The lliad. One
of the activities in our book has students
making a word chart on Infogram based
on the frequency of words and themes in
The Great Gatsby.



https://www.youtube.com/watch?v=STvH5EZaTbc

Art

This subject gives the most freedom to young data
scientists. While not the most practical in a business
setting, data art can have a very strong emotional
impact. These are some of Loren Madsen's pieces, the
top is CPIl/Cost of Living and the bottom is
6,000,000,000 monkeys (human population from
10,000 BCE to 2000 CE).

There are several activities in our book that help
students to define themselves through data, and one
that shows them how to take raw data and turn it into
wearable objects.




Best Practices
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Day 2

Using Inf
A brief overview of Data Visualization 101: How to Design Charts and Graphs i
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Good v Bad Data setg

Good v Bad Visualizations

Best Practices: Gui[delines

Best Practices: Formatting

Data Visualization in the/Classroom

Introductions



mailto:visuizationworkshop@gmail.com
mailto:shamouda@ric.edu
mailto:lcendella_2763@email.ric.edu

Before you make a visualization

* Understand the data story you are trying to tell
* What you want to see and what the data shows can be two very different
things
| have data on participation
in extracurricular activities and
test performance.

| want to show that | want to see if
spending time on the spending time on the

former negatively former correlates to the
impacts the latter. latter.




Before you make a
visualization

e Understand what type of data you are looking at the
relationships between each other

* Try to look for trends, correlations and outliers

e Data can be quantitative, continuous, discrete, or

categorical

* Relationships can be nominal comparison, time

series, correlation, ranking,

deviation, distribution, part-to-whole

 What does all of this mean?



Patterns and Data Types

QUANTITATIVE DISCRETE
Data that can be counted or measured; Mumerical data that has a finite number
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CONTINUOUS CATEGORICAL
Data that is measured and has a value within a Data that can be sorted according to gr
range. Example: Rainfall in a year. category. Example: Types of products s



Bar Chart

Best used to show change over time,
compare different categories, or compare
parts of a whole

 Space between bars should be % the bar
width

e Start the Y-axis at O
* Use one color; you can have 1 accent color

* Order categories alphabetically,
sequentially, or by value

e Use horizontal labels



CONTENT PUBLISHED, BY CATEGORY

Horizontal charts best for

long category names

/ PAGE VIEWS, BY MONTH \

Vertical charts best for
chronological data or
when values are
negative




MONTHLY TRAFFIC, BY SOURCE

Stacked charts compare part-to-

whole relationships, and can use
discrete or continuous data

Percent of Votes by Democracy
B Yes B nNo

100% Stacked charts show the
percent distribution of categories.
This figure comes from our
"Voting: Then and Now" activity. " Bemoctaty

Direct Democracy

0% 25% 50% 75% 100%

\ Percent of Votes /




Pie Chart

Best used for part-to-whole comparison
with continuous or discrete data

* No more than 5 categories per chart

* Do not use pie charts for comparison

o Stacked/100% stacked bar charts work
better

* Make sure the data adds up to 100%

* The largest slice goes at 12 o'clock; all
remaining slices go clockwise or
counterclockwise in order of decreasing
value

* i.e. the 2nd largest value would go next,
then 3rd largest, etc.



Pie Charts

A standard pie chart and a
donut chart. They show the
same data, but the latter

can have a stylisticelement
in the middle.




Line Chart

Best used to show time-series relationships
with continuous data

e Start Y-axis at O, if possible
* No more than 4 lines
e Use solid lines

* Label lines directly (instead of separate
legend)

* Line chart should take up two-thirds of Y-
axis' scale



Line Chart
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Scatter Plot

Best used to show correlation in large
amounts of data

e Start Y-axis at O

e Use size and dot color to encode more
variables

e Use trendlines, but no more than 2
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Bubble Chart

Best used for nominal comparisons or
ranking relationships

 Make sure all bubble labels are visible

* Size bubbles according to area, not
diameter!

* Don't use odd shapes
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bubbles of different sizes, and how N ) i
they are related to each other. This e !
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Best used for categorical data and values
with color intensity

* Use a simple map outline

* Use shades of a single color, or a
spectrum of two analogous colors to
show intensity

* Intuitively code color intensity to values

* i.e. don't make light colors represent
large values

* Don't use more than 1 pattern overlay

* Choose appropriate data ranges. Use +/-
to extend data ranges



578,759

DI 39,512,223

7

)

The example heat map made from
the "Mapping America" activity in
our activity book. Students navigate
the U.S. Census Bureau to find
population data, find the data story
they want to tell, and then create a
coherent map in Google Sheets.

This map uses a color range of light
pink to dark purple. | felt the light
pink was better than light purple to
help distinguish between low and
moderate levels of population.



Best Practices

Day 2

Key principles, practices, and processes from the Forum Guide to Data
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Making Your Own Visualization
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Principles

1: Show the data

e Including correct labels and metadata

2: Reduce the clutter

3: Integrate text and images

e \isualization must be able to stand alone and reinforce text

4: Portray data meaning accurately and ethically

e No cherry-picking or suggesting conclusions where there aren't any



Practices

1: Capitalize on consistency

2: Datathat shouldn't be compared shouldn't be presented side by side
3: Don't limit design choices to default graphing programs

4: Focus on the take-home message for the audience

5: Minimize acronyms, jargon, and technical terms

6: Choose a font that's easy to read and reproduces well

7: Recognize the importance of color



Processes

1: Question— Someone needs information

2: Research — Data exploration and analysis

3: Findings — Data meaning/answer

4: Customization — Audience-specific messaging

5: Visualization — Present data meaning clearly and accurately

6: User Feedback — Review and refine efforts



10-minute break

Use
headphones

Pre-workshop notes

L)
@
Everyone Reliable
their own Quiet space internet
laptop connection

Camera
on

RHODE ISLAND CONSORTIUM FOR
Coastal Ecology
Assessment
Innovation &
Modeling

Mute
yoursel!

online etiquette

= =
o \’ -
Pross ,
X Want to Yeos /
spacebar to »
SPeow agree
unmute

This material is based upon work supported in part by the
National Science Foundation under EPSCoR Cooperative
Agreement #0OIA-1655221

Any opinions, findings, and conclusions or recommendations
expressed inthis material arethose of the author(s)and do not
necessarily reflectthe views of the National Science
Foundation.



Good v. Bad Visualizations

Select visualizations from Colby College's CS 251 Lecture Notes, Business Insider,
Gizmodo, and Hubspot

lJsing Infogram

Making Your Own Visualization

Good v Bad Datasetg

Good v Bad Visualizations

Best Practices: Guﬁelines

Best Practices: Formatting

Data Visualization in thelClassroom
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* Using icons as bars implies that
area is something to consider

e Burger King sold 3x more than
Starbucks but has an area 9x
greater

 While it should have a title and 7%
metadata, the original
infographic it came from does
include this information N SALES

$8 BILLION IN SALES
$8.2 BILLION IN SALES

Fast Food Chain Sales — bar chart

40

35

25

1S

10


https://www.businessinsider.com/the-27-worst-charts-of-all-time-2013-6
https://www.businessinsider.com/the-27-worst-charts-of-all-time-2013-6

N * Not very well organized

\ ¢ e States are grouped by region, but
not alphabetically organized
within

* Has an option to scale by

population, but that does not
seem to be relevant

e Laws do not correlate to
population

* Some state don't show up

Gay Rights by Type

(2015) - donut chart


https://www.theguardian.com/world/interactive/2012/may/08/gay-rights-united-states
https://www.theguardian.com/world/interactive/2012/may/08/gay-rights-united-states

* No title, legend, scale, metadata
* Going to their website, the graph
has been replaced by a table 7

* All of the states were within 2
percentage points of the national
average (3.5%) so every state
became green

% LGBT: 3.5

LGBT Percentage
by State — heat
map

GALLUP

i)


https://www.businessinsider.com/the-27-worst-charts-of-all-time-2013-6
https://www.businessinsider.com/the-27-worst-charts-of-all-time-2013-6

* Monkeys are not a valid chart
element

* Since the data is continuous, it
should be a line chart

1970 1980 1990

8360556 $4.07942  $5.381.44

2000

$7,125.78

2010

$7,800.28


https://www.forbes.com/sites/jasonoberholtzer/2012/07/03/today-in-horrible-infographics-attack-of-the-debt-monkey/
https://www.forbes.com/sites/jasonoberholtzer/2012/07/03/today-in-horrible-infographics-attack-of-the-debt-monkey/

 Not title or metadata

\

< 4
@ * No marking to discern the
difference (if any) between

colored and grey areas per slice

* Oddly-rounded ends make it
harder to tell if each slice is the

same angle

Fatalities by

Occupation —
coxcomb
chart?

AN
qﬁ\\\'\\) z
~ A 1‘\‘ &)

93!1_!,1{)13,1

LG6


https://gizmodo.com/8-horrible-data-visualizations-that-make-no-sense-1228022038
https://gizmodo.com/8-horrible-data-visualizations-that-make-no-sense-1228022038

o
Death from wounds in battle Lot T

—JVLy A “:("»
A note on coxcombs W oo fomorwcovss [EEL/
Death from disease 4 » E' /" 3 .,'."'-’/ :‘,“a
. _ . April 1854 to
 Attributed to Florence Nightingale, MERHIZAY
coxcombs are an off-shoot of pie \
charts 3
L : A
* Instead of slice size representing ?&‘\
data, the slice length is what's ‘\
important
* They are not good for data sets \a
. . L\
with small differences NG
v N
e Better to show clear patterns, which \
is what she did (how infection is
what really kills soldiers in war) "'*;;\
L7} et



¢ There's no color and it wasn't

4

heat map

-— = —

led!
4 grezzcrferenber to check out what OPIN‘ON

something will look like when you
print. There should be a

monochrome option in the printer DlVlded Natl()n

preview
Remember to think about 'M'“ a"‘é".’.:‘?.:

colorblind students, as well. Even | ""‘
with color, they may not be able to WSS
see differences

FOUr years aiviaing
| the basis of eco
The campaign re-
vealed no evir
dence that Mr.
Obama will close
the chasm he has
created between
his voters and
those he attacked
and vilified.

s srnee ha tona



https://venngage.com/blog/color-blind-friendly-palette/
https://flowingdata.com/2012/11/09/incredibly-divided-nation-in-a-map/
https://flowingdata.com/2012/11/09/incredibly-divided-nation-in-a-map/
https://venngage.com/blog/color-blind-friendly-palette/

vioth R R naaeerne “ESCRIBE THEMSELVES
* Odd shape leads to confusion
* Are we looking at area or height?

* Percentages don't add up to 100 | EADERS
— 40%

WILLING TO LEARN

—61%

| HAVE A SMAKT PHONE,

= 220 PON"T DIS(oUNT MY
TECH-SAVVY /0 TEHNIAL ABILITIES

PEOPLE-SAVVY

- 18%

2 0/ MY WoRK EXPERIEN(E HAS
CREATIVE 42 /0 MADE ME RESOUR(EFUL.

100% stacked

bar chart o


https://vizfix.com/case-study-how-baby-boomers-describe-themselves/
https://vizfix.com/case-study-how-baby-boomers-describe-themselves/

* Hard to tell how long they spent /IINES

PEOPLE

L] L] L]
O n a CtIVItIeS ver how some of the world’s
. ‘uctured their day, based on
[ ) N t t/ d t f h ent categories by toggling on
O S a r e n I m e O r ea C earn more about the daily
seement B exercsE W oTHER
W V 1 WA J\—blll\_l 1. ;; 1] o 3 4 5 6 7, 8 9 10 b 12

* Has useful sorting to compare ©
each person's schedule by
activity

!

|

i
=

E

100% stacked

bar chart

£
>
=
7]



https://podio.com/site/creative-routines
https://podio.com/site/creative-routines

What common chart type does it try to

reflect?

What do you think is wrong with this \d MoST \N DEMAND DEVEWOPER Sk\LLS oOF 2013
grap h? INFORMATION COMPILED BY STACK OVERFLOW

What do you thinkis right with this

graph?

496% 722% 7.53% ¥29% ¥.30% 923% 994% 1074% 11.53% 2R.26%

PERCENT AMONG TOP 10 SEARCHES
OUT OF 14,000 SAMPLED

readwrite.com



http://cs.colby.edu/courses/S14/cs251/LectureNotes/figures/developer_skills.jpg
http://cs.colby.edu/courses/S14/cs251/LectureNotes/figures/developer_skills.jpg

Go to menti.com and type in the code or follow
this link
https://www.menti.com/vpi64dmrssw

¥****Mentimeter questions***** Link: 14 58 7



In Demand Developer Skills = line chart

e Has title, metadata

* Line charts imply continuous
data, but these are discrete
categories

e Python did not become PHP in
2013
* The axes are switched

* This should be a bar chart



What common chart type does it

reflect?

What do you think is wrong with this 7
graph?

What do you thinkis right with this

graph?

v R
b oS
L 0384 =0 T

Ld

24" (60 cm)+ .
12°(30cm) @
8 (15¢cm) @
3"@Bcm ©
1"(25¢cm) @
Any snow


https://www.reddit.com/r/MapPorn/comments/1wiacl/how_much_snow_it_typically_takes_to_cancel_school/
https://www.reddit.com/r/MapPorn/comments/1wiacl/how_much_snow_it_typically_takes_to_cancel_school/

Go to menti.com and type in the code or follow

this link
https://www.menti.com/k541p6tn8a

*EE**¥Mentimeter questions™**** Link: 69 57 58



How Much Snow It Typically Takes to Cancel

School in the U.S. - heat map

* Beautiful color scheme and
use of a district map

* Has a legend * No title

* Has metadata (if you click
the link)



Good v. Bad Data Sets

Day 2

A few tables to take a look at. There is more wiggle room on presentation, but just
keep in mind who your audience is and always include metadata. Using Infogram

Making Your Own Visualization

Good v Bad Dataset

Good v Bad Visualizations

Best Practices: Gui[delines

Best Practices: Formatting

Data Visualization in the/Classroom

Introductions




Narragansett Bay National Estuarine Research Reserve

StationCode. is5W M|
narncwg

narncwg
DapEwy
marncwg
marncwg
marncwg
narncwg
marncwg
marncwg
narncwg
marncwg
marncwg
narncwg
marncwg
marncwg
narncwg
marncwg
marncwg
narncwg
marncwg
marncwg
narncwg
marncwg
marncwg
narncwg
marncwg
marncwg

=

i~ - B - Mie - Bile - B ~ Ml = B = B - R = M = M - M = R = M = M = M = M = s = e = M = A = e = = M = A =

* The increments are of 15
minutes, but Excel's graphs of
time can’t handle those small
increments very well

* Maybe not wrong, but usable
data really only starts at row
8789

1f Lf 1 sHuw

1/1/19 4:15
1/1/15 4:30
1/1/19 4:45
1/1/15 5:00
1/1/18 5:15
1/1/19 5:30
1/1/19 5:45
1/1/15 6:00
1/1/19 6:15
1/1/15 6:30

1 ST W] L3IV
1 <-2> [GIC] [CSM)
1 <-2> [GIC] (CSM)

Docx boLx

[ e e e R e Y e R e R e ) e R = N

spCond Sal
= [GIC] (CSM)
> [GIC] (CSM)
> [GIC] (CSM)
= [GIC] (CSM)
> [GIC] (CSM)
> [GIC] (CSM)
= [GIC] (CSM)
> [GIC] (CSM)
> [GIC] (CSM)
= [GIC] (CSM)
> [GIC] (CSM)
> [GIC] (CSM)
= [GIC] (CSM)
> [GIC] (CSM)
> [GIC] (CSM)
= [GIC] (CSM)
w23 [GIC] (CSM)
<-2> [GIC] (CSM)
-2 [GIC) (CSM)

X

F_Sal DO_Pet

<-2> [GIC] (C5M)
<-2> [GIC) (C5M)
<-2> [GIC) (CSM)
<-2> [GIC] (C5M)
<-2> [GIC) (C5M)
<-2> [GIC) (CSM)
<-2> [GIC] (C5M)
<-2> [GIC) (C5M)
<-2> [GIC) (CSM)
<-2> [GIC] (C5M)
<-2> [GIC) (C5M)
<-2> [GIC) (CSM)
<-2> [GIC] (C5M)
<-2> [GIC) (C5M)
<-2> [GIC) (CSM)
<-2> [GIC] (C5M)
<-2> [GIC) (C5M)
<-2> [GIC) (CSM)
<-2> [GIC] (C5M)

DOCx

F_DO_Pct DO_megl

<-2> [GIC] (C5M)
<-2= [GIC] (C5M)
<-2= [GIC) (C5M)
<-2> [GIC] (C5M)
<-2= [GIC] (C5M)
<-2= [GIC) (C5M)
<-2> [GIC] (C5M)
<-2= [GIC] (C5M)
<-2= [GIC) (C5M)
<-2> [GIC] (C5M)
<-2= [GIC] (C5M)
<-2= [GIC) (C5M)
<-2> [GIC] (C5M)
<-2= [GIC] (C5M)
<-2= [GIC) (C5M)
<-2> [GIC] (C5M)
<-2= [GIC] (C5M)
<-2= [GIC) (C5M)
<-2> [GIC] (C5M)

FTF

F_DO_mgl Depth

<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)
<-2> [GIC] (C5M)

Do

narnut01-12.19m. narwg01-12.19m. narwg01-03.20m.

narmet01-12.19m.
prov.docx

narmetQ1-03.20m
Jprov.docx

prov.docx readme.rtf

prov.docx prov.docx




U.S. Census Bureau Annual Population Estimates

SUMLEV  REGION  DIVISION  STATE NAME CENSUS201( ESTIMATESE POPESTIMAT POPESTIMAT POPESTIMAT POPESTIMAT POPESTIMAT POPESTIMAT POPESTIMAT POPESTIMAT POPESTIMAT POPESTIMAT NPOPCHG_2
10 0 . 0 315993715 318301008 320635163 322941311 324885535 326687501 328239523 563561
20 A © Th ere are some extra rows iIn |6 55901806 56006011 56034684 56042330 56059240 56046620 55982803 61691
20 2 | 13 67560379 67745167 67860583 67987540 68126781 68236628 68329004 44691

20 3 h h I Iy )8 118364400 119624037 120997341 122351760 123542189 124569433 125580448 303650
20 4 t ere t d t aren t red '3 74167130 74925793 75742555 76559681 77257329 77834820 78347268 153529
4p 3 . d . I 18 4830081 4841799 4852347 4863525 4874486 4887681 4903185 5312
40 4 me nt|0 ne u ntl YO u t ry to 13 737068 736283 737498 741456 739700 735139 731545 3661
40 4 . 5 '8 6632764 6730413 6829676 6941072 7044008 7158024 7278717 14884
a0 3 Visua I 1ze t h e d ata 4 2050400 2067392 2978048 2085018 3001345 3009733 3017804 5933
40 4 )0 38260787 38596972 38918045 39167117 39358457 39461588 39512223 64983
40 4 ° H ( 1 \7 5269035 5350101 5450623 5539215 5611885 5691287 5758736 18030
40 1 Reglons north' SOUth' mIdWESt' {7 3504841 3504534 3587127 3578141 3573297 3571520 3565287 4967
40 3 ) ; ;

40 3 WeSt are p rese nt N t h IS d ata -popchg2010-2019: Annual Estimates of Resident Population Change for the
40 3 1 States, and Puerto Rico and State Rankings: April 1, 2010 to July 1, 2019
® 3 about state populations g Ap y
40 4 9 15 Hawaii 1360301 1360307 1363963 File: /172019 National and State Population Estimates
40 4 ;] 16 Idaho 1567582 1567657 1570746
40 2 3 17 inois 128306832 12831572 12840503 Source: U.S. Census Bureau, Population Division
40 2 3 18 Indiana 5483802 484051 EAS0432 Release Date: December 2019
40 2 4 19 lowa 3046355 3046871 3050745
40 2 4 20 Kansas 2853118 2853123 2838150 Sort order of observations: States in FIPS code sort
40 3 & 21 Kentucky 4339367 4339333 4348181
40 3 7 22 Louisiana 4533372 4533487 4544532 Data fields [in order ufap‘paﬂmnca}:

40 1 1 23 Maine 1328361 1328358 1327629

40 3 5 24 Maryland 5773552 5773754 5788645 VARIABLE DESCRIPTION

40 1 1 25 Massachuse! 6547629 6547785 6566307 SUMLEV Geographic summary level
REGION Census Region code
DIVISION Census Division code
STATE State FIPS code

NAME State name

L N =L 111 {1 &l IEE [l Q] T Platats Mahants e TN




U.S. Census Bureau Debt for Households

Table 1. Median Value of Debt for Households, by Type of Debt and Selected Characteristics: 2004

e VVariable definitions aren't

. ;. Unsecured Debt
SpEleIEd 255 Vehicle Total| Credit Card Loans| Other Debt
1ht Debt Debt
e "Loans" and "Other Debt" could 00 11,000 5,000 3,000 5,000 7,000
mean anything

e AU o3 cuuuu]  sowuu| 20,000 11,000 5,000 3,000 5,500 7,000
white Alone (Mot of Hispanic Origin) 65,000 B0,000| 95,000| 20,000 11,000 5,000 3,000 5,700 7,000
Black Alane 30,000 48,000 80000| 10,000 10,000 5,000 3,000 4,000 7,000
Asian Alone 50,000 120,000 150,000 (8) 12,000 5,000 3,000 (B) 11,000
Other [residual) 38,000 50,200 85,000 8) 10,000 5,000 3,000 4,500 5,000

Hispanic Origin
MOTE: In dollars, Excludes group quarters. (B)- Base is lessthan 200,000 households. Individual outliers that highly influenced the mean value for debt

Mot of Hispanic Orif
categories were excluded. Federal surveys now give respondents the option of reporting more than one race. There are two basic ways of defining a race group.

AGE OF HOUSEHOL

Agroup such as Black may be defined as those who reported Black and no other race [the race-alone or single-race concept) or as those who reported Black
Less than 35 years

regardless of whether they also reported another race (the race slone-or<in<combination concept). This table shows data using the first approach [race-alone).
The use of the single race population does not imply that it is the preferred method of presenting or analyzing data. The U5, Census Bureau uses a variety of
approaches, Because Hispanics may be any race, datain thistable for Hispanics overlap slightly with data for the Black population. Data for American Indians
and Alaska Matives are not shown because of their small sample size. The race or Hispanic origin of the householder designates the race or Hispanic origin of the
household. The estimates in this table are based on responses from a sample of the population and may differ from the actual values because of sampling

35 to 44 years
45 to 54 years
55 to 64 years
65 years and over
65 to 69 years
7o T4 years

75 and over

variability and other factors. As a result, apparent differences between the estimates for two or more groups may not be statistically significant. Forinformation

on sampling and nonsampling error see: http:/fwenecensus.gov/programs-surveys/sipp/methodology/sampling. html

Source: U.5. Census Bureau, Survey of Income and Program Participation, 2004 Panel, Wave 3
Internet Release Date: B/21/2014




Local Climatological Data (Providence, June 2020)

STATION DATE REPORT_TYF SOURCE AWND BackupDirec! BackupDista) BackupDistal BackupElem BackupEleva BackupEleva BackupEguip Backuplatitu Backuplongi BackupMame CDSD CLOD DSNW
7.2507F+10 B0 (-51-00 FM-15 7 W 0.5 mi TEMP, PRECIP, SNOW PSY, SRG, SNOWBOARD FAA CWO
7.2 H H H H 0.5 mi TEMP, PRECIP, SNOW PSY, SRG, SNOWBOARD FAA CWO
7.2 What do you th In k IS Wrong Wlth th|S 0.5 mi TEMP, PRECIP, SNOW PSY, SRG, SNOWBOARD FAA CWO
7.2l data set? 0.5 mi TEMP, PRECIP, SNOW PSY, SRG, SNOWBOARD FAA CWO
7.2 0.5 mi TEMP, PRECIP, SNOW PSY, SRG, SNOWBOARD FAA CWO
72l What do you think is right with this data 0.5 mi TEMP, PRECIP, SNOW PSY, SRG, SNOWBOARD FAA CWO
7.2 o) 0.5 mi TEMP, PRECIP, SNOW PSY, SRG, SNOWBOARD FAA CWO
7.2 Set d 0.5 mi TEMP, PRECIP, SNOW PSY, SRG, SNOWBOARD FAA CWO
7.2507E+10 B/ 1720 TO0:00 FR-12 S W 0.5 mi LAD DRECID ChICIL C C ATl TN 4
7.2507E+10 B/1/20 7:51:00 FMm-15 7 W 0.5 mi
1o Ejjjiﬁ AT ; " o Local Climatological Data (LCD) Dataset Documentation
7.2507E+10 6/1/20 105100 FM-15 7 W 0.5 mi
7.2507E+10 61720 11:51:00 FM-15 7 W 0.5 mi The Local Climatological Data (LCD) summaries provide a synopsis of climatic values for a single weather
7.2507E+10 6120 12:51:00 FM-15 7 W 0.5 mi station over a specific month. The summaries are a product of surface observations from both manual and
7.2507E+10 6120 13:00:00 FM-12 4 W 0.5 mi automated (AWOS, ASQOS) stations with source data taken from the National Centers for Environmental
7.2507E+10 6/1/20  13:51:00 FM-15 7 w 0.5 mi Information’s Integrated Surface Data (ISD) dataset. Geographic availability includes thousands of locations
7.2507E+10 6/1/20 14:51:00 FM-15 7 W 0.5 mi worldwide. Climatic values given include hourly, daily, and monthly measurements of temperature, dew point,
7.2507E+10 6/1/20  15:51:00 FM-15 7 w 0.5 mi humidity, winds, sky condition, weather type, atmospheric pressure and more.
7.2507E+10 6/1/20 16:51:00 FM-15 7 W 0.5 mi
7.2507E+10 6/1/20 175100 FM-15 7 w 0.5]mi General conventions: Times are in Local Standard Time (LST) unless otherwise noted. Temperatures are
7.2507E+10 6/1/20 18:51:00 FM-15 7 W 0.5 mi . , . . . .
05 i given in whole degrees F and tenths of degrees C (as noted below). Wind speeds are in miles per hour, with
2 9E07E£10 6/1,20 33:51:00 FM-15 0.5 mi w1_nd direction given using a 360 dc_grcc compass. indicating the direction Ercrn which the w1r_1d. wz?.s blowing
05 mi with respect to true north (e.g. 360 = winds blowing from true north, 180 = south, etc.). Precipitation amounts
7.2507E+10 6/1/20 23:55:00 50D 0.5 mi are given in inches, usually to the nearest hundredth, unless otherwise noted. Trace amounts of precipitation are
7.2507E+10 2020-06-02T FM-15 0.5 mi indicated with a “T.” Departures from normal are given for some elements using 1981-2010 as the standard for

7.2507E+10 2020-06-02T FM-12
7.2507E+10 2020-06-02T FM-15
7.2507E+10 2020-06-02T FM-15

normal. Further information concerning these generalities and units of measure are given where needed for each
section below.

Table of Contents:
Daily Summary/Monthly Summary
Hourly Observations




Go to menti.com and type in the code or follow
this link
https://www.menti.com/c21osopcvs

FrEx*Mentimeter questions™***** Link: 30 64 41



Local Climatological Data (Providence, June

2020)

* Most of the column names
are easy to decipher

* Metadata is reasonably
presented

* There are some blank rows with
acronym headers

* You have to split the cells to
separate date and time

* Not all of the metadata you
need or would like to look at is
in one place



Making Your Own Visualizations

An overview of some of the software you could use

Day 2

lJsing Infogram

Making Your Own Visualization

Good v Bad Datasets

Good v Bad Visualizations

Best Practices: Gui[delines

Best Practices: Formatting

Data Visualization in the/Classroom

Introductions



mailto:visuizationworkshop@gmail.com
mailto:shamouda@ric.edu
mailto:lcendella_2763@email.ric.edu

Excel and Google Sheets

* These are probably the most common programs you will use
* The following programs even accept uploads from them

* Google Sheets is free and allows for easier collaboration
* It's user-friendly

* Excel is great with big data, but generally requires training on how to
utilize its full capabilities
* Office 365 does allow collaboration between users now



Power Bl ."

* A Microsoft product for businesses to make interactive data
visualizations

* Has guided learning and a free 4-week course

* Also has a free downloadable version where you can make Power Bl reports
or publish them on their website

* Requires a Windows operating system; to collaborate on one project
you need to pay for a Power Bl Pro license

* Only 501c organizations receive discounted/donated software;
schools with at least 1,000 possible student users can apply for the
Enrollment for Education Solutions (EES)



What can it do?

* Power Bl says its strength s

m a k i n g C O m p I eX d at a m O re CORONA (COVID-19) DASHBOARD  (Last update: 26 March 2020) .A‘.;./ DataClue.
MORTALITY vs. RECOVERY COUNTRY DELAY PANDEMIC EVOLUTION DECOMPOSITION LEGAL NOTICE PRIVACY POLICE ABOUT

. . KEY FIGURES FILTER SELECTION
CO l I I p re e n S I e’ W I C e a S _ CONFIRMED DEAD MORTALITLY" RECOVERED RECOVERY* ACTIVE 22012020 26032020 ~ COUNTRY
[E5) romaucases 529.377 23,982 16,3% 383.034 Y
I I . | e e GROWTH +61633 (+132%)  +2788 (+13,2%) 150440 (+15,2%) ( )_ C) Alle
&TOP COUNTRIES _ CONFIRMED I@’ TREND BY CATEGORY (@ ) GROWTH MATRIX (£ TREND BY REGION
Q United States ... ] 83.253 NEW CASES NEW CASES
l I I a kl n g China 81.850 Recovered @Dead © Active @Total ®China @Europe ® Other @ United States
Italy 80.591 +40 Tsd.
. +60 Tsd.
Spain 57790
* Power Bl can create all types —
France 29.592
Iran 29.410 +20 Tsd
L] L) L] L]
- United Kingdom 11.844 "
+0Tsd. -
Switzerland 11.815 Feb 2020 Mrz 202

South Kerea i 9.245 Feb 2020 Mrz 2020

and-drop method ,
* Let's take a look at Power Bl's

featured Dashboard (how 8,

°® Jerms
i © 2020 HERE, © 2020 Microsoft - Mrz 20;
b 8ing Corporation 5 Mrz 2020

. I . . |
V I S u a I Z a t I O | l S a r e p r e S e I l t e * Share is calculated as percentage of closed cases, i.e. cases with clear outcome of either death or recovery. ** After 2020-01-22 Please note: This website and its contents, in particular the used all data & analysis rely upon publicly available data from multiple sources. These
sources might contain varying data which is not always consistent. The DataClue GmbH hereby disclaims that any reliance on the website and its contents for medical guidance or any other critical decision is strictly prohibited. For used sources please refer to abaut section



https://community.powerbi.com/t5/COVID-19-Data-Stories-Gallery/COVID-19-Dashboard-From-Data-to-Insights/td-p/995011
https://community.powerbi.com/t5/COVID-19-Data-Stories-Gallery/COVID-19-Dashboard-From-Data-to-Insights/td-p/995011

How can | get it?

https://www.microsoft.com/en-us/download/details.aspx?id=58494
Link to free download

Choose Power Bl Pro Add Power Bl Premium

* Self-service and modern Bl in the cloud = Enterprise Bl, big data analytics, cloud and on-premises

. o : . reporting
e Collaboration, publishing, sharing, and ad-hoc analysis F 9

) Advanced administration and deployment controls
e Fully managed by Microsoft pioy
Dedicated cloud compute and storage resources

Allows any user to consume Power Bl content

Power Bl Pro Power Bl Premium

Pricing is simple
and intuitive!

$9.99 $4,995

Monthly price per user Monthly price per dedicated cloud compute
and storage resource with annual subscription

Try free > Request a consultation >



https://www.microsoft.com/en-us/download/details.aspx?id=58494

Lt
Tableau 4

* Designed for professional use, has hours and hours of training videos

* Once verified, teachers and students get free copies of the software
to use

* The instructor resource page even has ready-made course materials, ways to

contact other teachers using Tableau, a free guidebook for students, and a
knowledge base for FAQs

* You can even get travel grants to go to academic conferences!



What can it do?

select the food group to see its emissions

* Mission Statement: We help people see and Eat Local or Eat Better
understand data e el @ e
* Very true for people that see the end ke T
product!
e Learning to use Tableau or Power Bl is no light TR
undertaking
* Tableau can handle big data for big
businesses P R CR
* It will take a long while to be able to utilize
either program to the most of its capabilities
* We can take a look at Tableau's featured

content here

40-

ns / kg of food product

E
@
2

b T

-
L. y | _
"ﬁ-‘ {ﬁ\‘: = = — o L;I
- () E \ o)
ow kel o6l B ]
Farm Retail

d
Animal Feed rocessin 0! 1

Food Supply Chain

#MakeoverMonday 2020 - Week 16 | Data Source: GHG Emissions by Lifecycle stage | Created by: Ahmad Saleem Grewal (@AhmadGrewal)


https://public.tableau.com/en-us/gallery/?tab=featured&type=featured
https://public.tableau.com/en-us/gallery/?tab=featured&type=featured

How can | get it?

https://www.tableau.com/academic/teaching/course-licenses

Link to request free software

Tableau Creator

Discover insights faster by combining a powerful suite of products for
visual data prep, best-in-class analytics, and secure collaboration to

support your end-to-end analytical workflow.

UsD/user/month

billed annually

Buying for one person has
just the one option

Buying for a team has
several options available

DEPLOY WITH TABLEAU SERVER DEPLOY WITH TABLEAU ONLINE
On-premises or Public cloud Fu ted by Ta

Tableau Creator Tableau Explorer Tableau Viewer

%70 $35 %12

user/month | billed annually user/month | billed annually user/month | billed annually
min. 5 Explorers required min. 100 Viewers required

Discover insights with a powerful Explore trusted data and answer View and interact with dashboards
suite of products that support your  your own questions faster with full  and visualizations in a secure,
end-to-end analytics workflow. self-service analytics. easy-to-use platform.



https://www.tableau.com/academic/teaching/course-licenses

Infogram

* A way to make infographics

* You can focus solely on the visualization side of it,
but there are many options to add different
graphics or animations

* The free option limits you to 10 projects, max 5
pages each

* You also have no option to download the
project; it becomes public and you can get a
shareable link to view it

* You can take a nice screenshot of your project
from the download page, though

The Great Gatsby: Chapter 1 Word
and Theme Frequency

Desires

Assumptions




How does it work?

The Dashboard — New Project Options
* Choosing one takes you to the relevant

!

template section of their library | L New
* From there you can search for a template, l (1]
you look at the other categories' options ~ st o Repmeushond  npaile

e Content Library is every icon they have

'I -
and what you uploaded %) Branding

P Content library




How does it work?

The Project Toolbar and Element

Settings
* There are so many options once you start
looking!

* You have Text, Charts, Maps,
Elements, Graphics, Shapes, and
Integration (video, links, data)

* Anything on the page can have its
settings changed once you click on it

* Order, color, size, transparency, and
more

<
- o

Used image

Width {px)

540

%

Haight {px)

o 540

Add animation

Rotation

0°




How does it work?

Making a Visualization

* Look at your data and choose a chart

type that works, not one that looks Paris 5,000
interesting Egypt 4,500

* Let's say | want to make a poster for Tokyo 8,600
the Travel Abroad club at school London 3.000

* | want to show the cost per Brazil 3,300

person to different destinations
the group may go to
* What chart type do you think would
work for this data?



How does it work?

Importing Data

* Since the data set is so small, | can just edit
the chart element directly
* While the bar chart is selected, click
"Edit data" to bring up the spreadsheet

Edit data Settings
| chose to use a bar

chart

Chart type

and fill in your data
 What if | already have a spreadsheet of
data? Simple!

* The "Edit data" tab allows you to
upload an Excel file, a .csv file, a Google
Sheets file, and much more

e With .csv, make sure to click on the little
gear icon to change how the data is
separated

Column

v Period (.)

Aggregate data

(HREw (] 0



How does it work?

Finalizing the Graph
* Going back to the settings, | want to add some il. Chart properties ~ |_‘

elements Column width L, Axis & grid .
* | want data labels since this will be a printed poster 2 Automatic
* Go to "Chart properties" --> "Show values" _ edandinaishest
and/or "Show values outside" Grid
* If | share the poster from Infogram digitally, | Aggregatecata Horizontal

don't need data labels since the labels appear
when you hover over a column
* | want axis titles
* Go to "Axis & grid" and scroll down to find the
text boxes for each axis
* There are many more options to play around with if
you make a chart on Infogram

Show values Grid color
Show values outzide Grid transparency( )

Downloadable data

A eyt o . . . . .
Animate N-adis tithe Y-axis title

Hide tabs Destination Cost per Pers

W' | Tilt x-axis labels



Piktochart

* A way to make infographics, flyers, presentations, reports, or posters

* For academic use, Individual PRO plans cost S40 per person and PRO
Team plans cost $200 a year

* You need the team plan to allow for design collaboration

* The free version lets you make 5 visualizations

* You can download your work as a PNG (free version), or as a PDF or
PowerPoint (paid versions)

* You can also share your visualization publicly for free, and get a link for people
to view it



COURSE EXPECTATIONS

HOW TO SUCCEED IN THIS

I8 REPARED COURSE
s e DY _t ESPONSIBLE Keep up with the lecture material
e

W I overy S MOoxE SO0 YOU MO T mos (
e et vt Study ot least 10 minutes
nalp SPudents undersong er’-WdGV

Study in group and explain hard

ESroscv: Dr. Maia's Syllabus

»v'lh
y &
4 “
& A
F6%
-3
T
A g
B
T4
. »
s

. concepts to others to check for ° A differe nt 3 pproach
' aged T understanding.
bt iR st v s et Attend office hours, open labs

or aak for claricetiond ctamctes. £ e o and review sessions ° More engaging than d

traditional syllabus
OFFICE HOURS Ask the professor about learning Iayout

strotegies specific for this class

Make use of the Bio tutoring

Fogorty Room 247 Tuesday 1-2pm, Wednesaay 5-4pm
Ehone: 401-856-907 or Dy emol aopontment

SreSeNCecOMOo0 S #0U

CLASSROOM PHILOSOPHY 5 PIKTOCHART




How does it work?

PIKTOCHART

Your Saved Visuals 5 visuals created 2

CresteNew The Dashboard

e Shows your previous work
* List of options on the side
brings up relevant templates
* Create New brings up the list
Senior of options with a short
Cookout description for each one

X ) G

Ei Fly
—
x .

g




How does it work?

The Toolbar
Pretty much every tool is self-explanatory
Graphics has icons, lines, photos, and other stylistic
elements
Design Components allows for the specific block types that
essentially make up each project
* Lists, Timelines, and Comparisons
Tools has your Charts, Maps, and Video options
* For charts, you can edit the data in the software,
upload your data, or make dynamic data by inserting
the Google Sheets link
e Watch out for some of these charts! They do not follow
the best practices

(<)

Graphics

=

Design
Components

o

Uploads

%

Background

1|

Text

Color
Scheme

B3




What to look out for

B France (11.76%) W Germany (29.41%)
B italy (20.59%) W Spain(14.71%) W Poland (23.53%)

Incorrect ordering on pie
charts (you will have to order
it yourself in the data)

Odd shapes lead
to confusion

M France(11.76%) W Germany (29.41%) [ Italy (20.59%)
M Spain(14.71%) W Poland (23.53%)




Using Infogram

Two quick activities to get used to the software

Day 2

lsing Infogrgm

Making Your Own Visualization

Good v Bad Datasetg

Good v Bad Visualizations

Best Practices: Gui[delines

Best Practices: Formatting

Data Visualization in thelClassroom

Introductions




Course Descriptions

e With Infogram, you can make class selection more engaging for
incoming or returning students
* For example, | made a course description

* | did this by:
* Going to Infogram and made an account (signed in with Google)
* Made a new project with the "Long Resume" template
* Filled in, rearranged, deleted, and changed what | needed

o



http://infogram.com/class-description-1h7z2lrrqqwl2ow
https://infogram.com/class-description-1h7z2lrrqqwl2ow

Student Reports

e Say you want parents and students to easily track their attributes in a
class (attendance, completed work, etc.)
* For example, | made a student report

* With the paid version you can link a Google Sheets spreadsheet to the
table for live data

* Any changes you make to the spreadsheet show up in the report
* Any parents or students that have the link to the report can see changesin

real time



https://infogram.com/student-report-1hzj4ozz9ln72pw
https://infogram.com/student-report-1hzj4ozz9ln72pw

Day 2

An overview of what will happen tomorrow and what you can do to prepare

lJsing Infogram

Making Your Own Visualization

Good v Bad Datasetg

Good v Bad Visualizations

Best Practices: Gui[delines

Best Practices: Formatting

Data Visualization in thelClassroom

Introductions




Creating a course activity

* Working in groups, make a data visualization activity that you could
integrate into your curriculum
* We will be here to supervise and answer questions!

* |In the meantime, think of:
* What tool you would like to use
* What you want the data story to be
* Where you will get the data
 What the end product should be (physical or digital visualization)

* There is a document of these questions in the Google Drive

* If you have any questions, feel free to contact us
* We have a collection of data bases for you to look at if you cannot find one



End of Day 1

Day 2

Thank you! Using Infogram
Any Questions? Making Your Own Visualization

Good v Bad Data setﬁt

Good v Bad Visualizations

Best Practices: Guiﬂjelines

Best Practices: Formatting

Data Visualization in the/Classroom

Introductions




