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Working with data is
important in the workforce
well beyond science!
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Developing an Occupational Profile

Medical Astrophysics

Informatics Telecommunications

Utilities

3

Hydrology
What are the tasks, skills,
‘ knowledge and behaviors of a
“big data-enabled specialist”?
Education
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The Big Data Enabled Specialist is an individual who
wrangles and analyzes large and/or complex data sets to
enable new capabillities including discovery, decision
support and improved outcomes.



Major work responsibilities- Duties

1) Defines the problem

2) Wrangles data

3) Manages data resources

4) Develops methods and tools

5) Analyzes data

6) Communicates findings

/) Engages in professional development

INSTITUTE



What are the skills, knowledge and behaviors of a

“big data-enabled specialist”?

As identified by an expert panel of big data users, and verified by ~150 big data users:

Skills:
= Analytical Thinking (96%) Knowledge:
= Critical Thinking (84%) = Analytic Thinking (89%)

= Algorithms (e.g., machine
learning, statistics) (76%)

= Data Modeling (70%)
= Data Structures (70%)
= Best Practices (69%)
= Statistics (69%)

*= Problem-solving (75%)
=  Applying Statistical Methods (74%)
= Data Manipulation (70%)

Behaviors:

*  Aproblem solver (89%)

« Alifelong learner (78%)

*  Willing to question (78%)

*  Aseeker of patterns (67%)
*  Open-minded (67%)

ED OCEANS of DATA
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Students recognize the importance of data literacy

The Oceans of Data Institute surveyed 300+ students from
community college and university settings:

« 85% of respondents agreed or strongly agreed that the ability
to make sense of data is Important to get a good job and
will help in their future careers.

* 90% of respondents agreed or strongly agreed that learning to
make sense of data will help them be more effective and
Informed citizens

e



Building
students’ skills
in working
with large,
complex
datasets is VAYIRt | |
important. | e

What are the
challenges?

ad Source: The New Yorker, December 6, 2010.
= \ ’(§ A

Tl pause for a moment 5o you can let this information sink in."



Challenges

« Schools (k-16) aren’t currently developing students’ data-
using skills, particularly those skills necessary to work with
large, complex data sets.

« Very little research has been done that tells us how to
develop these skills

« Limited awareness of the importance of ramping up the
teaching of these skills

e



(A) Unstructured (B) Student-
observation with collected small
human senses datasets

Challeng
transitic

Consolidating
skills

(C) Professionally
collected
large datasets,
well-structured
problems

Consolidating
skills

llenging
sition

(D) Professionally
collected
large datasets,
ill-structured
problems
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Challenging transitions

Embodied, experiential grasp Metadata
of the natural setting and
data collection methods

Photo credits: (left) School in the Forest powerpoint,
http://www.blackrockforest.org/docs/about-the-forest/schoolintheforest
(right) Using a Digital Library to Enhance Earth Science Education, OCEANS of DATA

Rajul Pandya, Holly Devaul, and Mary Marlino) INSTITUTE



Challenging transitions

Dozens of data points Petabytes
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Challenging transitions

Simple, transparent tools Sophisticated tools and
and techniques techniques

T Temperature 2l necon  Fem -k

Air temperature at noon

Historical Tropical Cyclone Tracks
1945 - 2006
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OCEANS of DATA
Image credits: (left) from Clement, 2002; (right) http://www.esri.com/library/ebooks/climate-change.pdf INSTITUTE



Challenging transitions

Common sense lines of Spatial, temporal, statistical
reasoning reasoning. Multi-step chains

reasonin
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Tackling the challenges: Oceans of Data Exploratory

Project

In what ways can
knowledge from
diverse disciplines
Inform the design of
Interfaces and
technology tools to
be used by students
accessing large
scientific
databases?

VISUALIZING OCEANS OF DATA

Educational Interface Design
20 EDGE STATUS REPORT

Cross-Cutting Guidelines
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Bridging interfaces built for scientists to novice users

e Expert data access and data representations may be baffling to
students

* No coherent body of knowledge about how to design student-
friendly data interfaces and data analysis tools

S accamsoun




reviewed/coded literature

Annals of the Association of American Geographers

Applied Cognitive Psychology

Behavior and Information Technology

The Cartographic Journal

Computers in Human Behavior

Contemporary Educational Psychology
Educational Studies in Mathematics
Ergonomics

European Journal of Psychology and Education
Geoforum

Geographical Research

Instructional Science

Journal of the American Statistical Association
Journal of Computing in Higher Education
Journal of Educational Psychology

Journal of Experimental Psychology: General

Journal of Experimental Psychology: Learning,
Memory, and Cognition

Journal of Geography

Journal of the Learning Sciences

Journal of Research in Mathematics Education
Journal of Science, Education and Technology
Learning and Instruction

Professional Geographer

Review of Educational Research

Science

Science Education

Technical Communications Quarterly
Technology Innovations in Statistics Education
Technology, Pedagogy and Education

EDCt{-e




consulted experts

Oceans of Data Advisory Board

Y1 Chou, Principal Scientist, Jet Propulsion Laboratory
Daniel Edelson, Vice President of Education, National Geographic
William Finzer, Senior Scientist, KCP Technologies

Allison Fundis. Research Scientist and Education and Public Outreach Liaison, Oceans
Observatories Initiative RSN, University of Washington

Boris Goldowsky, Director of Technology, Center for Applied Special Technology
James Hammerman, Senior Researcher & Evaluator, TERC

Kim Kastens, Doherty Senior Research Scientist, Lamont-Doherty Earth Observatory,
Columbia University

Julianne Mueller-Northcott, Biology and Earth Science Teacher, Souhegan High
School, Amherst, NH

John Orcutt, Professor of Geophysics, Scripps Institution of Oceanography, UCSD
William Sandoval, Associate Professor of Psychological Studies in Education, Graduate

School of Education and Information Studies, UCLA
ml @




What we’ve learned

What an expert sees on a data access page orin a
visualization will not be what a novice sees
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Visual perception = information processing

RETINA

Perceived differencesin
light level & wavelength,
spatial position

LIGHT

J'

AMOUNT OF
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B

A s.implz:ﬁed dédgmm of the infbrmdtz’on-pmcessing per:ﬁ)rmed éay the human visual system.



Visual perception = information processing

Perceived differencesin /
Rough sketch

light level & wavelength,

RETINA

il positi f spatial
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VISUAL CORTEX
Automatic/
Preconscious
AMOUNT OF
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B

A s.implz_'ﬁed dédgmm of the infbrmdtz’on-pmcessing pe?:ﬁ?rmed éay the human visual system.



Visual perception = information processing

Perceived differencesin /—MBFC{] with/map onto
Rough sketch existing knowledge,

light level & wavelength, ) ! -
spatial position 4=  Ofspatial 4—p  identify
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& movement
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Visual perception = information processing
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Visual perception = information processing

RETINA { .
Match with/map onto
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Short-term (working) memory — limited capacity
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Short-term (working) memory — limited capacity
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Accessing and visualizing data should be fast and easy

* There should be low to no barriers to downloading and visualizing a
data set

* Minimize expert terminology
« Automate processes not important to the learning goals

Marine Data, Hourly Global:

Select Bin/Grid Scheme: Callsign/Ship ID Search:
@ 10-degree bins Search (eptiena 1)

Select Marine Data Type:
All data types (1662 - current)
ICOADS 2.5 (1662 - 2007)
WOSCLIM (1990 - current’ )
Buoys/Platforms (1870 - current)

(Continue) ( Previous Page ) (Clear Selections )

@ |Cnmmon Marine Format documentation

f@j COADS-IMMA Data format documentation
nd .

Note: This is the format of the archive (see tables €0, C1, and C2),
@ 'WMO Publication No. 47
International List of Selected. . Supplemen tary and Auxiliary Ships

Delimited output formats have comma or space separations between the archive fields.

@|Cnmmon Marine Format data sample
@|COADS-[MMA Comma Delimited data sample
@|COADS-IMMA Space Delimited data sample

@ |COADS-[MMA data sample

|Dam and pricing (if applicable) details at the CDO Help Page

http://www7.ncdc.noaa.gov/CDO/CDOMarineSelect.jsp @ OCEANS of DATA
INSTITUTE
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* |nclude information to minimize confusion

* Make the important information stand out
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Alternative color palette

Source: http://mynasadata.larc.nasa.gov/
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‘ Preview File

Edit

View Go Tools

Bookmarks

Window Help
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Make important information stand out

Change in Annual Precipitation 1951 - 2002

Change Transparency [ Factoids

=Y ®Topo
Oworld

| ‘Map data Sources: Esri, DeLorme, NAVTEQ, TomTom, Intermap, iPC, SGS,
POt FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri 20
(31210 Lat: 73.44° Lon: -41.13° Japan, METI, Esri China (Hong Kong), and the GIS User Community

Source: generated at http://www.climatewizard.org/




Precipitation: change in annual amount [%)]

Source : PRUDENCE project |/, | | |l |
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Source:
http://peseta.jrc.ec.europa.eu/docs/ClimateModel.html



e Use variations in luminance to convey shape, contrast to draw attention

Pratt Seamount
56.25 N, -142.64 W

Data SIO, NOAA, US. Navy, NGA, GEBCO
Data LDEO-Columbia, NSF, NOAA
Image IBCAO

ge & 20 Matri

Data visualization created by Patrick Robinson
Citation: Maxwell, S.M., J.J. Frank, G.A. Breed, P.W. Robinson, S.E. Simmons, D. Crocker,

J. Gallo-Reynoso, and D.P. Costa (2012) Benthic foraging on seamounts as a specialized
foraging behavior by a deep diving marine mammal, Marine Mammal Science 28(3): E333- OCEANS of DATA
INSTITUTE
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Ocean Tracks: Investigating Marine Migrations in a
Changing Ocean
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The Data

B
Mexico!

Surface Temperature (degree C)
GOES Imager, Day and Wbt Western Memisphere (Monthly
site)
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Our Approach

Scientific questions

~

Identify focused set of
data and data analysis

tools \

Develop interface, following
Oceans of Data guidelines

T~

Incorporate guided
student experiences
and teacher supports

ED OCEANS of DATA
INSTITUTE



Goals for students

Explore questions of current scientific interest

What might influence the movement of marine species?
Why might movement be affected by oceanographic factors?

How does the importance of these factors differ across
species?

Can we predict where marine species will congregate in the
future, to target for protection?

e



The Interface

C' [ oceantracks.org

Tracks
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Overlays

th

Get students quickly to the data

C [ oceantracks.org

Track Species
Use Uniqu
Laysan Albatross
Bluefin Tuna
Elephant Seal

White Shark ol

Drifter Buoys

Japan

Canad

Mv Maps

Librarv

i
Mexico?
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Get students quickly to the data

" oceantracks.

Track Species
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Allow them to easily create and interact with data

displays

C' [ oceantracks.org

Plotted Value:

Depth  Speed Curviness  SST

Active Track: Elephant Seal 302

=
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g
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Track Position Date

Average Value Over Plotted Range: 1.49km/h

Add Measurements

Tools

Canad

o
Mexico!



Allow them to easily create and interact with data
displays

C' [Y oceantracks.org
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Allow them to easily create and interact with data
displays

C' [Y oceantracks.org

Elephant Seal 302 *
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Day's SST
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Allow them to easily create and interact with data
displays

C' [ oceantracks.org

Elephant Seal 302 *

Date
h Day's Speed:

Day's Curviness:
SST Map g ST

1 Select Map Overlays

Bathy m CHL Human Imp

2 Select a Year & Month for SST, Chlorophyl, or
Currents

Overlays

Year:

02 03n05 06 07 08 09 10 11 12

Month:
Jan Feb Mar Apr May Jun Jul Aug Sep EN:\'

Dec

3 Add Additional Layers

Show Currents Hotspot Map




Provide tools that enable students interact with the
data as scientists do

C' [ oceantracks.org

1 Select Map Overlays -

m SS8T CHL Human Imp

2 Select a Year & Month for SST, Chlorophyl, or
Currents

Overlays

Year:

02 03 04

Month:

3 Add Additional Layers

Show Currents « Hotspot Map

¥ 5 Refresh Hotspots (7} Show Tracks




Provide supports that can be accessed on-demand
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Google
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Customized content supports

1. To access the map, click here

Ocean Tracks Library

2. The map works like other Google maps interfaces, with zoom and pan functions on the upper right hand side of the screen. You can
also click and drag the map to get to a different location.

3. A small map on the bottom right hand side of the screen shows you a zoomed out view to help you orient yourself.

Categories
g 4. The map interface has a set of menus that expand from tabs on the left and right hand sides of the screen. Click the tab to expand the

menu

Upwelling and the California

cu rrent 5. The track you see on the map was made by an Elephant Seal (#302). Watch the tutorial videos below to learn how to interact with this
track and others

The California current is the eastern boundary current of the North Pacific
Gyre, running southward from British Columbia, Canada to Baja California,
Mexico. This current draws cool, nutrient rich waters from the Alaska current
down along the western coast of North America.

Western boundary currents flow deeper and stronger than eastern boundary
currents. This means that cool, nutrient-rich water is closer to the surface in
eastern boundary currents than western boundary currents. This resulits in
the creation of rich upwelling zones in areas with eastern boundary currents,
such as the California Current.

Sotect Mag Overors

Sasnct 3 Yoar & Manen for 5T, Chiorepeyt o¢
ety

The intensity of the California current is influenced by strong northwesterly
winds. These winds predominantly blow along shore, which because of the
earth’s rotation (see ort) cause water to be transported in an
offshore direction. This movement of water offshore causes cooler, nutrient
rich water to be upwelled over the narrow continental shelf to the surface.

{ working

. | The Library - This video shows you how to access and use the
Library, where you'll find more information about the animals and
the ocean, as well as the technologies used to explore them

Overview - This video is a compilation of all the videos above. It
takes you through all the elements of the Ocean Tracks map
interface, just as they are listed here

EDC [ it



Where are the biodiversity hotspots in the
Pacific Ocean?

ChIr

Il in the

. 5 2,
~ 1 \ﬂ
J'). "-o\: I,:.: {.‘- - r‘
v 3 WY - 7 ‘
L X §-4
AR 8 VR \ ’

“The chlorophyll levels in this area where the hotspot is are very high. Which makes it a
very attractive spot for these animals. This hotspot is pretty much right on and right next
to the continental shelf which is a place in the ocean where large amounts of upwelling
occur. Also the temperature by the coast is leaning towards the colder side. It stays around
12-16 degrees celsius. Which means since it’s colder water there is more upwelling. “ —

Student Work
OCEANS of DATA
INSTITUTE




Ocean Tracks: College Edition

« Step 1. Needs Assessment
— Student interviews
— Faculty surveys
— Textbook/syllabi reviews

« Step 2: Curriculum Development

« Step 3: Classroom testing and evaluation
— Palomar College — non science major, online

— Scripps Institution of Oceanography — science majors, classroom
setting

e



Ocean Tracks: College Edition

Research questions:

1. How do current oceanography and marine biology faculty use
large-scale datasets in their courses?

2. What supports may be needed to incorporate Ocean Tracks into
undergraduate science courses?

3. How do undergraduates engage in and interact with online vs.
face-to-face versions of OT-CE?

4. Does OT-CE improve undergraduate students’
— engagement in scientific practices & interest in scientific careers?

— knowledge of core content & competence in scientific practices?

e



Thank you! Questions?

For more information, contact: —
Ruth Krumhansl, Director

Oceans of Data Institute
oceansofdata@edc.org

Students need to learn to use
to solve real problems. Data can't be on the sidelines
anymore.

And visit our website —
http://www.oceansofdata.org o

» | RESEARCH » | DEVELOPMENT AND TESTING » | INTELLECTUAL HUB
Build a research-based learning Transform science education to prepare Bring together experts and stakeholders
progression to make meaning from data.  students for a data-intensive world. 1o forge new pathways.
Refine our understanding of challenges faced  Develop rigorously-tested model learning Bring together experts In tradtonal STEM
by learners confronted with increasingly environments - curricula, professional disciplines with experts from newly
nd tool hat developing fields such as data analytics and

RE > effectively engage ppo in
learning from and about data. necessary to Infuse data Into classrooms.
RE>

LEARN MORE >

Oceans of Data Institute

“The growth of big data has given rise to a whole new class of questions that need
to be asked and answered. We need new tools to help students learn techniques for
seeing patterns in data, and for analyzing and interpreting data in ways similar to
those practiced by scientists and mathematicians.”

—Wayne Harvey, Vice President, EDC

EDC [ it



