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Introduction

This is a project is being done with May Ayden at the National Center for Science
and Engineering Statistics that explores how to “better” represent current NCSES
visualizations.

Visualization Criteria:

* contain statistical content that highlights NCSES or linked data,
* can provide additional statistical insights,

* can be reproducible in an automated production environment,
* require minimal cognitive effort to interpret,

* can appeal to a wide audience,

* can be provided to authors as alternative options for consideration in future
publications.
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| Categorial Variable: Pie Chart

One Variable
 OMerscemss  computersciences and > Nominal: Federal obligations to S&E
SNICHE ESSOLNG:  ac 7% mathematics 6% .
2% fields (8 levels)
Psychology 3%
) Comments:
Physical sciences %
Engineering 19% > lack of color & small slices make
distinguishing between them difficult
> insufficient number of shades of

grey to differentiate between the 8
cconcos 6% slices
> normally employing a different
aesthetic would signal a different
variable

Life sciences 48%
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Pie Chart Alternatives

Horizontal Bar Chart

Lollipop Chart

Life Sciences-

Physical Sciences-

Computer Sciences and Mathematics -
Sciences not Classified Elsewhere -
Environmental Sciences-
Psychology -

Social Sciences-

Life Sciences-

Engineering-

Physical Sciences-

Computer Sciences and Mathematics -
Sciences not Classified Elsewhere -
Environmental Sciences -
Psychology -

Social Sciences-

Engineering -

Preliminary Federal Obligations for Research by Fields of Science and Engineering: FY2017
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2 Categorial Variables: Simple Stacked Bar Chart

Two Variables:
> Nominal: S&E field

Number

e (2 levels)
50, :
> Nominal: Country
M Non-S&E fields 10 | |

1000 B S&E fields (10 levels)
30,000

Comments:
20,000 > large differences
10,000

between heights
- — of the bars make the
S —v— tacks hard to int t
China India South Taiwan Turkey Canada Iran Thailand Japan Mexico Stacks har o1In erpre
Korea
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Simple Stacked Bar Chart Alternative Visualization

1 1 Top 10 Countries or Economies of Foreign Citizenship for U.S.
M osailc or Marl mekko PIOt Doctorate Recipients with Temporary Visas: 2008-17
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>?2 Categorial Variables: Grouped Stacked Bar Chart

Two Variables:
Percent > Nominal: Broad field Of StUd)’ (8

U.S. citizens and permanent residents W Temporary visa holders

100 levels)
- TTREERT ) -~
- > Nominal: Race/Ethnicity (5 levels)
70 > Interval: Time (2 years)
60
50
40 Comments:
30 . . .
- > color is used to identify the levels
10 of only one of the three variables
0 .
1998|2017 1998|2017 1998|2017 1998|2017 1998|2017 1998|2017 1998|2017 1998|2017 > the fIgUI‘e does not tell the story
Life sciences Physical Mathematics Psychology Engineering Education Humanities Other non- of the data Without exer'ting a |ot
sciences and and and arts  S&E fields
and earth computer social of menta| energ)/
sciences  sciences  sciences
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Grouped Stacked Bar Chart Alternative Visualization

Doctorates Awarded by Citizenship and
Broad Field of Study: 1998 and 2017

Slope Plot
U.S. CITIZENS & PERMANENT RESIDENTS

Humanities & Arts, 92.2%

Education, 88.9% 88.3%

86.1%
Psychology & Social Sciences, 84.3%

Other non-S&E Fields, 80% 80.4%

Life Sciences, 74%

72.7%

Physical & Earth Sciences, 68.1% ( 67.4%

. ) 63.3%
Mathematics & Computer Sciences, 61.6%
Engineering, 54.1% (

TEMPORARY VISA HOLDERS
Engineering, 45.9%

23-8%
46:3%

Mathematics & Computer Sciences, 38.4%

36.7%
Physical & Earth Sciences, 31.9% @ 32.6%
Life Sciences, 26% @-====-=="="""1% == 27.:3%
Other non-S&E Fields, 20% @ 19.6%
Psychology & Social Sciences, 15.7% @ 13.9%
Education, 11.1% @=======""""""""""" ..e--- 1.7%
Humanities & Arts, 7.8% =
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Longitudinal Variable

Two Variables:

Percent . _
> Nominal: Broad field of
100
90 wes Education Humanities and arts StUdy (8 Ievels)
Psychology and social sciences === Physical sciences and earth sciences > |Interval: Time (|9 years)
80 Life sciences = Mathematics and computer sciences
wems (Other non-S&E fields Engineering
70
i > > change the vertical axis
— e
e B from [0-100] to [10-70]
- to provide greater
30 — T — P . g
20 e ———————— e ——— - separatlon between the
o lines
0
1998 2001 2003 2005 2007 2009 2011 2013 2015 2017
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ongitudinal Variable Alternative Visualizations

Lattice Scatter Plot
with Simple Linear
Regression Line

Scatter Plot
with Simple Linear
Regression Line

Share of Doctorates Awarded to Women by Broad Field of Study: 1998-2017
Top Row: non-S&E Fields / Bottom Row: S&E Fields
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Billions of current dollars

30
25 |

20 |

m2011-12
=2014-15

=2012-13
=m2015-16

Difference Between Variables: Multi-set Bar Chart

Two Variables:

> Nominal: Performer (5
levels)

> Interval: Time (6 |-year
intervals)

> One reference value: All
performers

COMMENTS

> multi-set bar or grouped
bar charts are difficult to
interpret especially in cases
where the values differ by
an order of magnitude
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Multi-set Bar Chart Alternative Visualization

Heat Map with Trend Lines

Federal Intramural-

Nonfederal Government-

FFRDC's-

Other Nonprofit Organizations-

Higher Education-

Business-

All Performers

Reference _

Year-to-year Changes in U.S. R&D Expenditures
by Performer: 2011-17

7.46

2013-14 2014-15  2015-16 2016-17
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Geospatial Variable: Chloropleth Map

et inflow > 20%

et inflow 2% to 20%
reak even (net within x 2%)
et outflow 2% to 20%

et outfow > 20%

Two Variables: Comments:

> Nominal: States + Puerto Rico (51 levels) > yse the same color palette for both maps

> Interval: Inflow/outflow of S&E % non-S&E  to make it easier to compare the
doctorate recipients between 2008 & populations in the two maps
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Chloropleth Map Alternative Visualization

State Bins

Net Inflows and Outflows of U.S. Citizen and Permanent Resident S&E and
non-S&E Doctorate Recipients by State: 2008-2017
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Chloropleth Map Alternative Visualization

S&E Doctorates

Chloropleth Map Using the same Colorblind Palette for both Maps
non-S&E Doctorates
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