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How do we effectively connect
students to OOl data?

OCEANOBSERVATORIES.ORG

Challenges

~ + Broaden access to OO
_ data

* OOl arrays sample
oceanographically

complex regions A
i - ~ * Prepare students for
i - Data curation requires ' STEM careers "

time and expertise | ;
P * Develop a data literate

society

 Learners need
scaffolded data skills

 Instill curiosity and the
excitement of discovery




Ways we use data

OCEANOBSERVATORIES.ORG

Reinforcing known Generating new
phenomena knowledge
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Four aspects of using data in teaching

Real-world (messy) data

OCEANOBSERVATORIES.ORG

Labs/demos with Professional observations
authentic data and models

Reinforcing known
phenomena

Generating new
knowledge

Textbook data
visualizations

Models of theory

Idealized patterns




Data skills learning curve

UCE*UBSERVMDRESDRG

(A) (B) Student- (C) Professionally (D) Professionally
Unstructured collected small collected large collected large
observation datasets datasets, well- datasets, ill-

with human structured problems structured problems
senses
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(C/’) OOl Data Labs Project — Key Goals
< . i ’1_ d§1 By 9

- Build a Community of Practice (CoP) of professors, interested
In using OOI data with their undergraduate students.

- Make OOI data more accessible to educators and students.
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Data Labs Project History

Data Labs 2.0

2023-2025
Intro and Advanced

Data Explorations OOl Early Career Data Data Labs 1.0

Workshops Workshops 2018-2021

2016-2017 2018 Introductory Undergrad
Undergrad Educators
Focus on Python
And new MAB array

Undergrad Educators Research Graduate Educators
Students, Post-docs and Esp. 2YC and PUI
pre-tenure faculty

Plate Boundary Features exploration

Your Objective

Use earthquake data from piate boundaries in ocean regions off of the Pacific Northwest to look if there are

patterns between 2010-17.

 Make a prediction about what kind of patters in earthquake magnitude and location you may
observe over time.

* Explore the data below to see what you

§
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The growing Ocean Data Labs community!

Developer (green)
Participated in one of our week-
long development workshops in 2019

OCEANOBSERVATORIES.ORG

Piloter (orange)

Attended one of our weekend pilot
workshops in 2016-2017, or who have
pilot tested our OOI Lab Manual.

Fellows (blue)
2020 implementation and dev cohorts

REU Mentors (yellow)
Faculty who helped mentor our 2020
Virtual REU students

Leaders & Staff (purple)
Members of the core project team
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https://datalab.marine.rutgers.edu/community-map/

Translating OOI data into
educational resources

> OCEANOBSERVATORIES.ORG

Identify Target \ Match with \ Find Available \ \ Make :
Scientific Concepts & Research ~ Instrument Cleanup the i - Educational

Interactives &

Resource collection created by the community through
curricular workshops, fellows, pilot testers and more...




OOl Data Labs Resource Collection

NOBSERVATORIES.ORG

Want a series of Want a ready- Want a modular Want to start from Want to
lab activities with | made lesson plan set of activities scratch using iIntroduce coding
built-in student |incorporating OOI that you can curated OOl notebooks with
assessments? datasets? adapt? datasets? OOl datasets?
Data Lab Lesson Data Data Python
Manual Plans Explorations Nuggets Notebooks
More guided More open-ended

OOl Data Explorer

Direct access to data



https://datalab.marine.rutgers.edu/data-explorations/?doing_wp_cron=1626125805.7282540798187255859375
https://datalab.marine.rutgers.edu/data-explorations/?doing_wp_cron=1626125805.7282540798187255859375
https://datalab.marine.rutgers.edu/data-nuggets/
https://datalab.marine.rutgers.edu/data-nuggets/
https://datalab.marine.rutgers.edu/lesson-plans/
https://datalab.marine.rutgers.edu/lesson-plans/
https://datalab.marine.rutgers.edu/ooi-lab-exercises/
https://datalab.marine.rutgers.edu/ooi-lab-exercises/
https://datalab.marine.rutgers.edu/python-notebooks/
https://datalab.marine.rutgers.edu/python-notebooks/
https://dataexplorer.oceanobservatories.org/

Inspiration for the OOl Lab Manual

> OCEANOBSERVATORIES.ORG

OUlQ De gre 0
e D M3 of OC = R
q s oned to
o)
0 pceanograp S ' )
3
y
-
) -- WP
2= 8 , | - “% Dr. sid Mitra
. Sy
t I -'b:‘:!': ]
2020 00l Data - FU AR
Lab Manual -

Dev. Team




Goals of the OOl Lab Manual

« Build data literacy and critical
thinking skills in undergraduate
students using authentic (“messy”)
scientific data

OCEANOBSERVATORIES.ORG

« Visualize data in a user-friendly,
Interactive and authentic way

« Engage students with data activities
that reinforce student confidence in
scientific questioning, data analysis,
and synthesis

* Provide a real-world context for key
concepts in oceanography




Design of data activities - based in learning science:

Reflection

Exploration

THE
LEARNING
CYCLE

Concept

Application y
PP Invention

g- =

University of California Lawrence Hall of Science

OCEAN
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Levels of Engagement with Data

(©

Orientation

Key Questions

* What are the units of measure?

* Where was the data collected?

» What does this data mean to me?

Orientation Skills are:

» Collecting, recording, and labeling
observations

* Including a title and axis labels
and descriptions on a plot

* Identifying relationships and

recognizing basic patterns in a plot

» Comparing predictions to
experimental results

» Citing the data when discussion a
relationship or pattern in data

As users interact with data, whether they
are novices or experts there are multiple
levels of engagement that they go through.
At each level, key questions are asked and
specific skills are required to understand
and interpret the data.

Interpretation
Key Questions
* What is the pattern?
- Can | identify outliers to the pattern?
- What does the pattern in the data indicate?

Interpretation Skills are:

fha

Synthesis

Key Questions

» How does this identified pattern
relate to what | know?

- Does this data look plausible?

* How reliable is this data?

* Would my explanation change if |
measured an additional variable?

Synthesis Skills are:

* Using multiple lines of evidence
in reasoning

- Identifying relevant data

* Evaluating the quality of data and
identifying sources of error

» Calculating statistics to analyze
relationships among the data

+ Comparing and contrasting data
sets for consistency

- Seeing trends and patterns in data, in time and in space

* Identifying outliers in a pattern
* Recognizing correlations

» Comparing and contrasting conclusions from multiple datasets or

between a dataset and prior knowledge

Hotaling et al. (2019)

OCEANOBSERVATORIES.ORG




Alignment to Intro Oceanography curriculum

BSERVATORIES.ORG

OOl science themes

Topi Chapt :
and data avallability
Ocean geography Lab 1: Introduction to the OOI, the collection of
Ocean technology oceanographic data
Data skills for Lab 2: Building data skills
oceanography
Marine Geology Lab 3: Plate tectonics and the seafloor
common Oceanography Lab 4: Seafloor changes in a volcanically active setting
textbooks
TS Ocean Chemistry Lab 5: Investigating density stratification
' Physical Lab 6: Waves generated by large storms
Oceanography
Biological Lab 7: Primary production
Oceanography Lab 8: Anoxic events




A Quick Lab Example

» https://datalab.marine.rutgers.edu/ooi-lab-exercises/
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Lichtenwalner, 2021

Design Process — Lessons Learned

{ { ) £

Match
Identify Target Scientific Educational . Find Available . Cleanup the _ Build Interactive
Concepts & Skills Goals with Instrument Data Dataset Visualizations
Instrumentation

OCEANOBSERVATORIES.ORG

Add Context &
Educational
Surrounds

 Community Building — Defined process helps divide tasks and keep
everyone on track

* Takes time and effort — Development is highly iterative (esp. 3&5)

* Educators can spearhead content selection and lesson development

* Training is essential for new faculty to lean about the tools and instruments
to find appropriate datasets, esp. those not familiar with OOl or using OOS




Evaluation & Impacts

OCEANOBSERVATORIES.ORG

Conducted by Dr. Ellen Altermatt, SERC at Carleton College
The purpose was to:

1. better understand current perceptions of and practices in using large, real-
world oceanographic datasets in undergraduate classrooms,

2. assess levels of involvement in past and current OOl Ocean Data Labs initiatives,

3. examine the impact of participation in these initiatives on faculty teaching and
perceptions of community belongingness, and

4. assess planned levels of future involvement and to understand how current
resources might better meet community needs.




How has participants’ involvement in the OOI
Data Labs Project influenced their teaching?

CEANOBSERVATORIES.ORG

My involvement [with the OOl Ocean Data Labs Project] has... = 2020

increased my technical abilities in accessing |arge datasets for 2022

teaching
positively impacted the ways in which | assess students' learning

increased my level of confidence in effectively engaging students
with large, real-world oceanographic data

positively impacted the way | think about how students learn 4.2

positively impacted the types of pedagogies | use in my teaching

increased the frequency with which | engage students with large,
real-world oceanographic data

-
I
[}
8 d
LY |

5
Strongly disagree Strongly agree




OOl Data Labs 2.0 (2023-2025)

Project Goals

* Continue to build and support the OOI educator
community

* Especially MSI, 2YC, PUI and R2
* Special focus on the Mid Atlantic

OCEANOBSERVATORIES.ORG

* Develop “next level” activities
* Fillin gaps in the existing OOI Data Labs manual

* Domain-specific and level-appropriate
programming notebook-based activities




Existing Opportunities for Engaging Students
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« REU Sites
 REU Project
Supplements =

* Cruise Opportunities
(e.g. Visions and CGSN)

* Individual research
projects with faculty
mentors

« Classroom Activities
e (Others?



https://marine.rutgers.edu/rios/

Lichtenwalner, 2021 (MTS Oceans)

2020 Virtual REU Goals

Research Poster Conference
Experience . . Presentation
Presentation :
. 6 weeks (optional)

* Develop and apply their data analysis skills using Python notebooks to access,
analyze, and present ocean data.

* Learn about the variety of ocean data collection methodologies and datasets
available to oceanographers.

* Participate in a variety of professional development sessions, including scientific
question development, science communication, the graduate school process, and
Diversity, Inclusion, and Research Ethics.

* Have the opportunity to participate in Career and Graduate Student Panels.

* Develop, carry-out, and summarize a research experience using an online dataset,
under the guidance of a faculty mentor. (8-week participants only)

OCEANOBSERVATORIES.ORG




Air Vs. Sea Surface Temperature - Results: 1993
T Virtual REU

UCEANUBSERVATORIES.ORG

Initial B I
O T s e

A wide Variety of data Do points within the N and S Equatorial
How does temperature and air pressure Currents have more

vary between Guam, Puerto Rico and mvestlg_atlons_ In just 1.5 weeks of variability in SST?
Rhode Island? coding using NDBC data!

) S g Results
As wave height peaks, turbidity also reaches a high.
Salinity has a more slow response to the storm 7N\ WA
3 W
Post-restoration =% |\
shows potential s Ml e g RbL ANy Duoy ks . Wave bight and Sy Sury 42083 o
increased oxygen . ' ] NP ~ : _y A
saturation v 3 | ; = -
e T B |, o® - ‘
. ,")‘j ' i : S * . * : J
s wE e | TR W 3
Tame {(Morths) > & K & : P4 &

Effects of Oysters on Water How do hurricanes impact the salinity Meteorological and Oceanic
Quality in the Elkhorn Slough and turbidity of an estuary? Impacts of a Hurricane

) \ﬁ ..,(
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The OOI Data

Labs 2.0
Research OO
Data + Science
Challenge
Oé@‘o&g
“fo
\?\O

Data Science
Coding/Python



Wilmington Workshop Participants...
How comfortable are you In incorporating

oceanographic datasets into your teaching?

12

> OCEANOBSERVATORIES.ORG

10

8

0 =

(0]

N

Very comfortable Comfortable Moderately Slightly comfortable Not comfortable at all
comfortable




Pre-Survey: Research Experience

What is your level of experience with the following file formats, software, and
programming languages in your research?

OCEANOBSERVATORIES.ORG

csv 4 4 e I

ERDDAP data services 22 2

Excel 2 2 11

Git/GitHUB 19 2

NetCDF files 22

Matlab 14 2 [ T—

Python 20

R 20

Other I

Not experienced Slightly experienced m Moderately experienced m Very experienced
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Pre-Survey: Teaching Experience

What is your level of experience with the following file formats, software, and
programming languages in your teaching?

OCEANOBSERVATORIES.ORG

csv 9 7 s =
ERDDAP data services 24 1 JE
Excel 2 7 8 I T
Git/GitHUB 23 R 1 |
NetCDF files 2 B 2 |
Matlab 23 2
Python 23 o 2 IFH
R 25 1
Other
Not experienced Slightly experienced m Moderately experienced
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OBSERVATORIES
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Ocean Observing Systems Potential
for Education

« Data already available “on the shelf”

« Supports a wide variety of research
guestions, locations & instruments

* Provides an opportunity to focus on
programming, data analysis, and data
visualization skills

« Helps build data literacy and critical
thinking skills using “real” data

;EANOBSERVATORIES.ORG




OOl’'s Advanced Data Tools

OCEANOBSERVATORIES.ORG

' Jupyter 1Pioneer MAB Storm - Quick Start Last Checkpoint: 7 days ago A\

Fie Edt View Run Kemel Settings Help

® Coastal Pioneer MAB - B+ XDO»mCw cose - B : o o | o AR S| 0 e T+ »
[—— a
&5 ERDDAP > tabledap > Make A Graph « Step 2 - A Quick Plot of Winds o —
x" N = Heoo a @D Dstant T: SORSL! Plonsar MAB: Southeasiern Profller Mooring: Wirs-Following Profler ke $ e ° | Notobaok s
Wnsiuton:  Ocean Observatorss nfative (OO1) (Datasat 1D: 00-<p1458pT-Wipa 1-03-C1ApMO00) b gt Woaring') =
e Ranga:  longixde = 14,6509 1074 B504°E. latade = 36 85532 1 36 6552'N, tima = 2074-04-10T0000-00Z 1o 2024-05-29T18.16:002 O P I G ) Scrch w1 [ ol B (] R
Information: Sumemary @ | License @ | FGOG | 150 19115 | Metadata | Background # | Data Access Form | Files W CEQUSSM AFDS 01 VELSDOD0O .. [ T ]
L C . e ” - - Pioneer MAB Central Surface Mooring M m CEQISIM MFDIS-01VELIDODDD- . Pyinan 3 e dutn 150
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R  Tomperature: Water Tompeeature: CTO .  Temparature: Water Temperature: CTD # distinct) @ 4 — ®
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P » : - = L L]
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netrame of the storm?

OOl Data Explorer ERDDAP Data Servers Coding OOl Jupyter Hub

Notebooks ew!
in development
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The Power of Coding Notebooks for Education

File Edit View Insert Runtime Tools Help

OCEANOBSERVATORIES.ORG

LOW-tO_ N 0] Setu p m & Activity 1 00 Data Quickstart.ipynb 8 comar s sue @)

CODE TEXT 4 CELL ¥ CELL CONNECT ~ /‘ EDITING A

« Thanks to Google Colab, OOI T
Ju pyte rHu b ’ and Oth er t00| S Activity 1 - A Quickstart o Playingwithooipara ™ ACTIVity 1 - A Quickstart to Playing with OOl Data

5 Written by Sage Lichtenwalner, Rutgers University, May 30, 2019
Introduction

* Runs in your browser

Loading a single NetCDF data file Introduction

The example was developed for the June 2019 00l Ocean Data Labs Workshop

° 111 b1 Selecting Variables and Metadata In this Python notebook, we will demonstrate how to quickly access and work with data from the Ocean Observatories
Inear develjopment approac ntstive (00).
Exporting Data This example was designed to run on Google's Colaboratory platform, though it should also work on any Jupyter
notebook platform, assuming the required libraries are installed.
Quick Plots

PY E asy ( I S h ) to u n d e r St a n d In this notebook, we will demonstrate the following Data Discovery steps:

We I ke ick hists
‘e can also make a quick histogram 3. Loading Data

And we can plot a bunch of variables at 4. Exporting Datasets for use in other software tools

° L OW b an d WI d t h once 5. Quick Plotting

Going further.. We will use data from the 30m Dissolved Oxygen sensor on the Global Irminger Sea Flanking Mooring A, also known as
GIO3FLMA-RIS01-03-DOSTADO000. You can find out more information about this instrument on the 00l Website, the 00!
SECTION Data Portal, or on the new Rutgers OOl Data Review portal.

* No need to download data locally

GLOBAL IRMINGER SEA ARRAY
gt

« Lots of datasets readily available
« Sometimes co-located with server

 Notebooks are Sharable
* via GitHub
 |n real-time with Colab

o Y OCEAN
N OBSERVATORIES
P, INITIATIVE




Pedological Approaches for
Coding-based Activities

~onVATORIES.ORG

EVALUATE

Levels of Engagement with Data

. . s As users interact with data, whether they
« Structured/Guided Inquiry = el L [
Orientation A;;‘cfﬁhm'm;;;g w??ﬁ:“} Sshaleng Synthesis
« Constructivism / PBL s o et o s i Gt

« What does this data mean to me? * Does this data look plausible?

* How reliable is this data?

. Sl il o
 Learning for Use (Edelson 2001) e i >L—'< e

Synthesis Skills are:
* Using multiple lines of evidence
in

« Motivate, Construct, Apply/Refine e oty van g
oo N
» Bybee 5E Instructional Model s cutomloetenr . o v e o

Interpretation Skills are:
+ Seeing trends and patterns in data, in time and in space
« Identifying outliers in a pattern
* Recognizing correlations
and from multipie
a dataset and prior knowledge

 Engage, Explore, Explain

» Levels of Engagement (Hotaling 2019)

« Orientation, Interpretation, Synthesis
 PRIMM Teaching Model

« Paired Programming

% OCEAN Predict - Run—Investigate Modify Make
I OBSERVATORIES = :

IIIIIIIIII




Potential Advantages of Notebook-based
Educational Activities

OCEANOBSERVATORIES.ORG

Educational Possibilities OOl Tools for Skill Development
Data Explorer

* Develop your own activities

C e Quick graphs
« Advanced activities allow

students to gain experience
« Working with data (Data Literacy)

Data Downloads for additional analysis

Share custom Data Views
- ERDDAP
Quick graphs & data downloads

* DIY Coding (R, Python, Matlab)
Notebooks & JupyterHub

« Using data portals

« Making their own graphs
(Visualization Literacy)

« Student can conduct their own
re_search prOJeCtS (SCIenth Advanced data processing techniques
theracy) (averaging, correlations, anomalies, etc.)

Custom graphs




Summary and Future Collaborations

OCEANOBSERVATORIES.ORG

« All OOI Data Labs activities are designed to develop students’ Data Literacy, to
engage them in the scientific process and help them develop a key workforce
development skill.

« The OOI Lab Manual and Data Explorations, are targeted to introductory courses that
Include majors and non-majors, focusing on data Orientation and Interpretation skills.

» The Python notebook-based activities (in development) will guide students through the
scientific process with OOI data to further support their data analysis skKills.

The Future
» Future Pioneer MAB scientific results can inspire future student activities!

« Broader Impacts: OOI Data Labs provides several models for engaging faculty and
students (undergrad and grad) in using OOI data
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