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Learning Science from Scientific Data: Why bother?

Reason #1:. Students can grasp the evidence base that
underlies the big ideas of science, rather than having to
take these ideas on authority.

Reason #2: The world faces tough decisions and
society is making some bad decisions. We want to raise
up a generation who have the skills and disposition to
make decisions based on evidence.
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Events leave traces, and by looking at the traces we can sometimes make
Inferences about those events.

[
0 1

79°W15° 79°W 78°W45° 78°W30° 78°W15° 8 77°W 45" 77°W 30’ 77°W15° o 76°W45° 76°W 30" 76°W 15°




Abduction or abductive inference

Given: a set of specific observed facts

Find: one or more explanations that are consistent with
the observed facts, using knowledge of the system to
constrain the hypothesis space, and making plausible
assumptions.
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Everyday life

Middle school curriculum

Scientists’ data
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> more elements & complexity
> farther removed from direct experience

> requiring more learned knowledge



Precursor understandings supporting data interpretation

« Events leave traces; by looking at traces you can
sometimes make inferences about the events

* Form follows function (sometimes); Form reflects
formative processes (sometimes)

« Sequence constrains causality: If A happened before
B, A can have caused or influenced B, but not vice versa

e others?
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How does this transition happen?
And how can it be better supported?
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Most data experiences have been with small,
student-collected data sets

Chapter 6 —_— R—
Science Content Sta ndards



What is involved In this transition?

Student-collected data Professionally-collected data
. B - F 2 '

Day in the Life of the Hudson Kim aboard Joides Resolution, Leg 107



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

(from School in the Forest powerboint,
http://www.blackrockforest.org/docs/about-the-forest/schoolintheforest/)

Metadata

(from Using a Digital Library to Enhance Earth Science Education,
Rajul Pandya, Holly Devaul, and Mary Marlino)



Dozens of data points
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Simple, transparent Sophisticated tools &
tools and techniques techniques
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Air temperature at noon

Interpret one data setat  Myltiple data sets with interactions;
a time varying data types
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Looking up values
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Seeing and interpreting
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Spatial, temporal, statistical
Common sense reasoning. Multi-step
lines of reasoning chains of reasoning
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Day in the Life of the Hudson

» Student-collected data

* Embodied, experiential sense of
circumstances

» Dozens to hundreds of data points

« Simple, transparent tools & techniques

* Interpret one data set at a time

« “Common sense” lines of reasoning

« Single step causal chains

* Professionally-collected data

» Sense of circumstances from
metadata

» Megabytes

« Complex tools & techniques;
black boxes

» Multiple data sets and their
interactions

» Temporal, spatial, quantitative and
other lines of reasoning

 Multi-step lines of reasoning

http://www.umt.edu/urelations/rview/winter10/briknarova.html



Ways to scaffold students’ transition from small, student-
collected datasets to large, professionally-collected data
bases

« “Data puzzles”: Use pre-selected snippets of high
Insight:effort ratio data

« Nested Datasets: Position a small student-collected
dataset within a larger dataset.

« Prediction: Ask students to commit to a prediction of
what they will see before they start making data
visualizations.

« Hypothesis array: Provide an suite of candidate
hypotheses; students seek the one best supported by
the data.



Oceans of Data Institute Instructional Sequence Template #2

Nested data sets

Procedure:

1) Students collect and interpret a local

2)

3)

data set.

(optional) Students from multiple
schools combine similar datasets to
aggregate a larger sample or span a
larger area.

Students interpret larger
professionally collected dataset(s)
which encompass and expand
beyond the circumstances of their
self-collected dataset.

A Day in the Life of the Hudson:
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Oceans of Data Institute Instructional Sequence Template #3

Prediction

Procedure:

1)

2)

Relative Brightness

Based on either a conceptual model, physical
model or computational model, students
predict what data from the system under
consideration would look like under various
conditions.

Students examine professionally collected data
taken under a range of conditions, looking for
the presence or absence of predicted patterns.
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Gould, P., Sunbury, S., & Krumhansl, R. (2012). Using online telescopes to explore exoplanets
from the physics classroom. American Journal of Physics, 80(5), 445-451.



Instructional templates or “design patterns”

 Can be reused in different contexts with different
content, building capacity in teachers and
students

« Can serve as the basis for a research agenda

— research affordances and pitfalls of the strategy

— rather than evaluating each bit of instructional materials
separately

INSTITUTE
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DACUM: a process for Developing A CurriculUM

A well-established methodology for occupational analysis,
modified by EDC for emergent professions

Premise: experienced and respected practitioners can best
define and describe their job or profession

Product:

Definition of the job/career/profession
Duties & Tasks

Knowledge, Skills, Tools & Behaviors

INSTITUTE



Expert Panel:
Aug 14-15, 2014

Ryan Kapaun
Eden Praine Police
Department
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Strategix Solutions

Steve Ross
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Google
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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

Hazard t
Analysis
| | Analytical
Bloacoustics Journalism

Law Enforcement/
Forensics

-

Climate
Modeling

Marketing
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Occupational Definition

The Big-Data-Enabled Specialist is an individual
who wrangles and analyzes

large and/ or complex data sets

to enable new capabilities including

discovery, decision support and improved outcomes.
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Duties & Tasks
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DUTIES

Manages Data
Resources

Develops
Methods and
Tools

Analyzes Data

Occupational Profile
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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



Gap analysis

How well is the current education system doing at preparing students
for the tasks and duties of the big-data-enabled specialist?

NEXT GENERATION

CIENCE

STANDARDS

For States, By States

A FRAMEWORK FOR
K-12 SCIENCE

Sriacedlcu il “ * Disciplinary Core Ideas

* Cross-cutting Themes

* Practices of Science & Engineering
#4: Analyze & interpret data

(aspirational!)



Comparison of ODI occupational profile tasks

with NGSS Performance Expectations
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Occupational Profile tasks that are well-represented in NGSS

1. Defines the Problem
1B. Determines stakeholders’ needs
1C. Articulates the guestion
1E. Translates guestion into a research plan
1F. Designs the experiment
1G. Develops deep domain knowledge of data source

2. Wrangles Data
2D. Collects data

5. Analyzes Data
5A. Develops analysis plan
5B. Applies methods and tools
5D. Evaluates results of the analysis (e.g., significance, effect, size)
5H. Answers the question (e.g., insights drawn from results)

INSTITUTE



Occupational Profile tasks that are absent from NGSS

2. Wrangles Data
2A. Performs data exploration
2G. Identifies outliers and anomalies
2N. Documents the process

3. Manages Data Resources
3D. Applies ethical standards
3F. Protects data and results

4. Develops Methods and Tools
4F. Iterates correctness ... of ... models

5. Analyzes Data
5F. Determines level of confidence in results

6. Communicates Findings
6D. Identifies limitations (e.g., data use, data application methods)



Bottom line:

* It's a long, complicated pathway to grow a populace that has
the skills and disposition to use data as part of their tool-kit
when confronted with a difficult question or problem.

« There are many interesting challenges along the way.

« Science education is where it's happening.

www.oceansofdata.org :3 Iﬁ ESA_II:IISTofU D_?Té\




