est Practices in Teaching with Data
essons from Research on Learning

Find  Explore

| Add All Sites to Tray J | View Table J | Print J L Cluster Markers
Bls Y A Faro LT Duluth ) DRy . Vo T
% o. L% S0 o %09 O 1 Map | satelite | Hybrid | Terrain
. Yy VRO QY e Vo o ST on
(AL A0 (e
OB OB N DRG0 A e
% o Yo ':"@f}.,”}’ (ORI "5”. O
Aberdeen (o ’P (o 0 ‘f'a () .p (Y Y
2 \/ ", ’.".c’ L/ (o 0 A" ” .P 9),
)- ".' e e * (.\’,\ (] ~ ” (. (Q " 5 . N
o Vg;rtomn LS O ’;’;/'“:» w ,' e w %
> Yo, ” ~
h TR () . 0 £
29. % *% W'S"';’)’f;", o, f6ay .Q; (3 Y N .
o % o IO [ 05 BOIORYE s,
Ko e 9% 00 0. ¢ ot % QORI ‘e Ma
() (4 : 1 }9”}(9 AN N, 0.9 * i 0»\"1 ..,
;' . Sioux Falls#® /‘:5. (2 \,” ',:‘ A .\'\,’ ‘, o (i .‘ Mi-’s.";-lga 9
e 7 (Y2 > Y0, O '
’,,’ (" KX . % .:fv ” (‘,' ”1’.‘ Wi .)ukee ‘a’: ’:‘I 6ar- ”:"' %, G:&Lon ’:Hamoilt(
) e L \ !
% Y s, e Do ‘0,‘}.,\?{(} " '9:”":. o, «"t";"r :;
: RULDode aterko S fot ) o oo,
i ’;,’ (N Ce(‘ \ﬁ,“ 79, 9~ X " )‘;‘ (a’n';' oy
° Norfolk " ” {'ﬁ,’{ Hap ‘f ” L) ’ 9.5 ) »'Qem”
A ] Py
. % () % '," M»'frolo('do Clevelard
B X
Nebrask% o % % Omele Des Mofles % Y % 0P
North Platte and () c® ‘e (VY \/
2 CORAY. 7 % % ) Geo oy B
S Lincoln [ % % 9
(- £ Keamne! £ () () (d a¥%q
gy @) ey G . S 9)uircC
e D) ., 0, o
Ve » 9% 5 D) (S XKoL 2o {\9K
A ’ 9. 9%
9, 5, - . A
| States % (% ’9:' e ’:h A (-'».': R g GO »com.%f. £idle;
) ” (2 ~ ) - -~ N
” ., ;’; '.an.ﬁ C:ty oo S Q‘ % < » :’,; “ 3! C.(,"?.’:Gti . ’f(,l'
He‘ﬁ" o, Slina [ / dolu ’;la 9 'Q) ‘0, % ’Q" "\4. °|"""$:g ) o '.nkersburg
s % i, s COREE) SR N O O e
K’Jﬁsas " * e "\\';’ 9, 4 'j" ”,.'.3 ville ’ lronanlle g vWest "
e inia 1
% Y W o%uedo. “%° Y ’; ' 7/
9 % fa i Ppg 0t VA N D2 w
it Wi \ﬂta 9 ) Q‘)"‘(,J ,0"’:’ %o 3‘ Lexmgton’- ” u-
: (A \) ®, 99
oodle ’ s:ﬁ.’e:neld % L or e e, Q,;"entucky M.pdm@m{emboﬁ_&;&

Carol Ormand, SERC, Carleton College
2015 Workshop on Teaching with the Neotoma Database



What do we mean by
‘Teaching with Data?’
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Why Teach with Data?

Faculty Say

To prepare students to address
real world complex problems

 To develop students’ ability to
use scientific methods

 To prepare students to critically
evaluate the validity of data or
evidence and of their consequent
interpretations or conclusions

* To teach quantitative skills,
technical methods, and scientific
concepts

* Toimprove verbal, written, and
graphical communication skills

e To train students in the values
and ethics of working with data

USING
DATA

in Undergraduate
Science Classrooms

FINAL REPORT ON AN
INTERDISCIPLINARY
WORKSHOP AT
CARLETON COLLEGE,
APRIL 2002

SPONSORED BY THE HATIONAL SCIEHCE DIGITAL LIBRARY, WITH FUNDING FROM THE
HATIOHAL SCIENCE FOUHDATIOHN, DIVISION OF UNDERGRADUATE EDUCATION




Why Teach with Data?

Researchers say

* Rich cases tie to prior
knowledge

* Gaining sensitivity in
preparation for future
learning

* Authentic experience
of science

* Adaptive scientific
problem solving

 Confidence




Why is Teaching with Data Hard?

* Matching level of student
expertise to the data-rich
problem

* Finding/developing data
analysis tools that can be
mastered

* Preparing data and
designing the activity

* Assessment/grading

* Course content vs. data
exploration time tradeoff




Best Practices for Teaching with Data

Your data-
rich

assignment

N 4

How much
support will

Nathan Grawe, Teaching with Data
(http://serc.carleton.edu/sp/library/
twd/index.html);

Anthony Carpi and Anne E. Egger,
“The Process of Science”

Visionlearning Vol. POS-2 (8), 2009.



Designing your Data-Rich Assignment:

Why Active Learning?

CrossMark

& dick for updates

Active learning increases student performance in
science, engineering, and mathematics

Scott Freeman®', Sarah L. Eddy?®, Miles McDonough?, Michelle K. Smith®, Nnadozie Okoroafor?®, Hannah Jordt?,

and Mary Pat Wenderoth?®

2Department of Biology, University of Washington, Seattle, WA 98195; and ®School of Biology and Ecology, University of Maine, Orono, ME 04469

Edited* by Bruce Alberts, University of California, San Francisco, CA, and approved April 15, 2014 (received for review October 8, 2013)

To test the hypothesis that lecturing maximizes learning and
course performance, we metaanalyzed 225 studies that reported
data on examination scores or failure rates when comparing student
performance in undergraduate science, technology, engineer-
ing, and mathematics (STEM) courses under traditional lecturing
versus active learning. The effect sizes indicate that on average,
student performance on examinations and concept inventories in-
creased by 0.47 SDs under active learning (n = 158 studies), and
that the odds ratio for failing was 1.95 under traditional lecturing
(n = 67 studies). These results indicate that average examination
scores improved by about 6% in active learning sections, and that
students in classes with traditional lecturing were 1.5 times more
likely to fail than were students in classes with active learning.
Heterogeneity analyses indicated that both results hold across

225 studies in the published and unpublished literature. The active
learning interventions varied widely in intensity and implementa-
tion, and included approaches as diverse as occasional group
problem-solving, worksheets or tutorials completed during class,
use of personal response systems with or without peer instruction,
and studio or workshop course designs. We followed guidelines for
best practice in quantitative reviews (SI Materials and Methods),
and evaluated student performance using two outcome variables:
(7) scores on identical or formally equivalent examinations, concept
inventories, or other assessments; or (ii) failure rates, usually
measured as the percentage of students receiving a D or F grade
or withdrawing from the course in question (DFW rate).

The analysis, then, focused on two related questions. Does ac-
tive learning boost examination scores? Does it lower failure rates?

Freeman, Scott, Eddy, Sarah L., McDonough, Miles, Smith, Michelle K., Okoroafor, Nnadozie,
Jordt, Hannah, and Wenderoth, Mary Pat (2014). Active learning increases student
performance in science, engineering, and mathematics. Proceedings of the National Academy
of Sciences. (Meta-analysis of 225 studies of STEM learning.)



What Kind(s) of Data will Students Use?

Processed data

— Ex: Datasets uploaded to the Neotoma database with calibrated
14C ages

Published research data

— Ex: You might give students some of your own published data to
work with (probably processed, to some extent)

Simulated data

— Ex: Ages based on an age-depth model could be considered
simulated data

Student-generated data

— Ex: If you take students with you to collect data at your field site
and upload it to the Neotoma database, it would be student-

generated data
Data provided by civic partners



What Research Strategies Will
Students Use?

Experimentation
— Ex: explore the effect of changing one variable

— It’s hard for me to think of how to do this in teaching with
historical data (such as that in the Neotoma database)

Description

— Ex: Describe the distribution of spruce forests in North America
10,000 years ago

Comparison

— Ex: Compare the distribution of spruce forests in North America
10,000 years ago to now

Modeling

— Ex: compare the temperature distributions predicted by a
climate model for a particular time period to the distribution of
temperature-sensitive species for that same time



How Much Support Will You
Provide?

The amount of scaffolding students will need can depend on:
e Students’ prior experience working with data
* The complexity of the data and/or interface
 Time available for the activity
e Learning goals for the activity (what do you want students to
be able to do after they complete the activity?)

3 Problem- Open-
GUidad directed ended
discovery discovery

Watching Replication Analysis

Most direction < Most ndependence

v



Designing your Data-Rich Assignment:
Best Practices for Maximizing Learning

* Begin by articulating learning outcomes

— If you don’t know what you want them to learn, they
won’t learn it

Structure the assighment to meet those goals

— Give students the opportunity to practice whatever you
want them to be able to do!

e When is team work beneficial?
— When it replicates scientific inquiry

— When you expect some students to struggle with some of
the required skills

— When you want students to be exposed to multiple data
sets, but to explore just one in depth (consider using the
jigsaw technique)



Designing a Data-Rich Assignment:
the Jlgsaw I\/Iethod

Part I:

Part Il:

Group Group Group Group
Task Task Task Task

Read all about it: http://serc.carleton.edu/sp/library/jigsaws/index.html



Designing your Data-Rich Assignment:
Best Practices for Maximizing Learning

e Scaffold your assignment
— Break it into sub-tasks
— Require that students check in at the end of each part

* Provide instruction on methods/tools
— How to access the Neotoma database
— How to “get” the data (if that’s part of the assignment)
— How to use Excel?
— How to use R?



Designing your Data-Rich Assignment:
Best Practices for Maximizing Learning

* Provide instruction on analysis and presentation
— Be specific about how you expect them to analyze the data
— Be specific about how you expect them to report their
findings
* You may have to show them “basic” things like how to format
graphs and diagrams

 Model the behaviors you want students to adopt

— And be explicit, as you do (“Here’s an example of what |
expect you to do for this week’s lab assignment... ”)

* Develop a robust rubric for assessment

— And consider handing it out with the assignment —so that
students know from the start what you are expecting from
them



Rediscovering Plate Tectonics:
Dale Sawyer Plate Tectonics Jigsaw

Constructing the pomirel | %f”g b7
argument for plate ’ S

tectonics from key
historical evidence

What data would you !
use? il

How would you have N
students access the data? |

What support would you /|
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offer?

How would you evaluate

student learning?




Data-Rich Classroom Activities:
Promoting Adoption

Data set or tools can be transformative

Organizing the data/materials is important,
particularly if this work is burdensome

Dissemination/adoption can be very fast if the
activities are aligned with needs/wants

Ready access to activities can support
dissemination and use of strong ideas

Ready-made activities can support teaching of
new ideas (scientific or otherwise)



Data-Rich Classroom Activities:
Examples on the SERC website

GeoPRISMs
Exploring Genomics Data

InTeGrate
GETSI

SERC Sites

SERC Site Guides

Helping Educators Find What They Need Within SERC Sites

SERC > Site Guides

Activities

Projects and Collaborations
Visuals: Images, Diagrams, |
Video

Course Descriptions

Email Lists and Discussions|
Workshops

People

Strengthening your

eaching

Research on Teaching and
Learning

Designing Courses
Assessment
Teaching Large Classes

Quan
Think

Introductory Level Co

Upper Division Geoscience
Cou

Career
Departments

Site Guide: Teaching with

Current Research and Data

Jump to:Topical Teaching with Data Resources | Classroom | yicy All Site Guides
ic

and Lab Activities |
Instrumentation, Analy:

Search all of SERC

nd Geophysical
ies

General Collections

[ 3 oo RN

Teaching with Data from pedsgogy in Action - This Is the first page in a module about
teaching with data in entry level geoscience classrooms. The module offers
background information for teaching with data (what Is it, why use it, and how
does one use it) as well as a collection of activity examples one can use in their
classroom.

Teaching with Data Simulations from pedagogy in Action - Teaching with data
simulations means giving students opportunities to simulate data in order to
answer a particular research question or solve a statistical problem. This
module explains how to use this technique along with with example activities
and classroom tips.

Teaching with Data, Simulations, and Models from On the Cutting Edge - Today's
geoscience education reaches beyond the traditional teaching tools such as rock

Ez samples and topographic maps. With the addition of computers in many

aeoscience classrooms and laboratories. facultv have unorecedented opportunitv

(and far too many more to show today)

... and soon Neotoma...



Data-Rich Classroom Activities:
GeoPRISMs

GeoPRISMS

+ -3 serc.carleton.edu ndex.ht ¢ (3]
+

[J] & SERC pages ¥ yahoo mail Flickr WI Ctr for E... Employment Carleton ¥ google ¥ sources of images ¥ spatial learning ¥ diversity ¥ career development ¥ professional socities ¥ »

Bringing MARGINS Research into the Classroom
About the Project .

About MARGINS
Initiatives

Mini-Lesson
Collection

Submit a Mini-
Lesson

Submit Instructor
Story

Webinars: Margins
Science Highlights

For Mini Lessons

Authors GeoPRISMS Team Developed Teaching Activities

Past MARGINS ) ) )
Workshops Rupturing Continental Lithosphere Lessons (RCL)

Explore the geologic and geophysical processes that control continental rifting and its progression to lithospheric rupture.
Findings from the Gulf of California-Salton Trough region address boundary conditions (pre-existing weaknesses, upper

MARCINS Project

:ﬁzgi:fn and mantle structure, relative plate motion) and define factors that control rifting in this setting, including magmatism, rift
Outreach obliquity, and sedimentation. Exercises on comparative bathymetry and styles of extension provide useful background
I material for the mini-lessons.

e Overview: Rupturing Continental Lithosphere Mini-Lesson Sequence A brief introduction to rupturing continental
lithosphere and mini lesson sequence.

e Bathymetry of Rifted Margins An examination of two contrasting rifted margins: the Red Sea and Gulf of California, leading to
identification of similarities and differences associated with rifting and lithospheric rupture in each setting.

® Exploring Styles of Extension in the Gulf of California: An introduction to processes associated with continental rifting, and
resulting fault geometries and distributions, and lithospheric responses, using seismic data examples from the Gulf of California.




Data-Rich Classroom Activities:
, Example from GeoPRISMs

+ [ serccarkoneds =30
Go to dev page FullEdit dev page i

a Account/Favorites  Add this page  ?

Contemporary Climate Oscillations: ENSO and a case study

memmm | of the Huanghe River * Part 1: Alecture introducing ENSO and SOI.

About MARCINS ) — ol
Initiatives Nicole Marshall, Steve Kuel

Brief discussion of the take-home

Lesson Collection

assignment and groups are assembled.
e — e Part 2: The take-home group assignment

Margins

:,‘x),: sssssss :(;: . ue; . utate r:ou!hem Oscillation l:dex (sosaaf ENSO from January 1933 (ooAugusl 2013 and v:/" ulsﬂ[r)are W h e re th e St u d e ntS Wi I | ta ke Se a S u rfa Ce

udy of the Huanghe river, China. Students will be provided with data of Huanghe River discharge

harge from 1950-2013. The anthropogenic effects and ENSO effects on the Huanghe will be

FustARGNS | | examined n thisexecis,with discussionof the impact o the rver s, and also the impact ENSO and humans are aving on pressure measurements an d convert them

Workshops the delta and river mouth of the Huanghe.

. .
MARGINS Project | | 1y ¢erm Bl Nifio-Southern Oscillation (ENSO) refers to a fluctuation as a result of changing sea surface pressures across the into SO | va | ues | h ev Wi | | t h en ma ke t h e S O I
MARGINS °

d

equatorial Pacific. ENSO and the quantitative SOI tell us when there is a shift in climate that affects weather phenomenon globally.
The end members of ENSO are I Nifio and La Nifia events. The timing between these events is irregular, yet they typically recur

Outreach
— every 3 to 7 years. p O
.

* Part 3: The Huanghe river is introduced in
class. Students are sitting in the groups that
worked on the SOI plot together. They can
discuss answers to the in-class worksheet
guestions in this module.

e Part 4: Completion of module consists of a
class discussion of their answers and any
additional discussion of the Huanghe (other
figures or conclusions from the Wang et al.
(2006) study).




Data-Rich Classroom Activities:
Exploring Genomics Data

plormg Chamaecrista fasciculata ”’f‘"
-Genomics Data S e

Exploring Genomics Data

Overview of Chamaecrista Genomics Research Research Problems in Lab
Genomics Research * 20to 1 ratio — differentiated

Genomics research requires:

isglie:r]c:sResources 1. A biological question Iea rning

Timeline and 28 uences .
ChBa::Z::ias;l;sbiology S8 z:?nputational methods to analyze the sequence data * QOmpleXIty Of tOOIS can be
Candidate ger\es 4. rAe:JIltt;c:)I I:;ee:;?:ti::o evaluate the results and connect the ||m|t| ng .
\G/:;:t?::;e;s;;z; ecotypes The Chamaecri.sta Explorer is designed to helg you develpp genomics * Suppomng Work out Of CIaSS
FuncionalgemaTes e G e e e | * Evaluating progress

through strategies for exploring genomics data and using it to
understand biological questions about Chamaecrista fasciculata.

The Chamaecrista Explorer has been developed and evaluated with Places Where Shanng helped:

support from the National Science Foundation (DUE-0837375 and DEB- o Facu/ty kno Wledge of
0746571.) o
subject

* Classroom management

Using the Chamaecrista Genomics Explorer

Making sense of genomics data can be a bit daunting. The Explorer is designed to get you
started analyzing genomics data by guiding you through five different strategies. You can start
with any one of the strategies to ask and answer thoughtful questions. As you get more
comfortable with the data, you'll find yourself combining several strategies to ask and answer
more sophisticated questions. Approach the Explorer like you would a pick your own adventure
type of book.



Data-Rich Classroom Activities:
Exploring Genomics Data

“Using the Chamaecrista Genomics Explorer

“Making sense of genomics data can be a bit daunting. The Explorer is designed to get
you started analyzing genomics data by guiding you through five different strategies.
You can start with any one of the strategies to ask and answer thoughtful questions.
As you get more comfortable with the data, you'll find yourself combining several
strategies to ask and answer more sophisticated questions. Approach the Explorer like
you would a pick your own adventure type of book.

“The strategies:
* Chamaecrista biology
e Candidate genes
* Gene expression
* Variation among genotypes
* Functional genomics”

www.prairiemoon.com



Data-Rich Classroom Activities:
InTeGrate

InTeGrate

Interdisciplinary Teaching of Geoscience
for a Sustainable Future

Climate of Change
Natural Hazards: Hurricanes

Mineral Resources =
Soil Sustainability

-
Interactions
between Water,
Earth's Surface, and
Human Activity

Exploring
Geoscience Methods
P

CONTINUE READING »

equal access to

Living on Plate Boundaries

CONTINUE READING »

Map Your Hazards! -
Assessing Hazards,
Vulnerability & Risb

CONTINUE READING »

Map your Hazards

Environmental Justice and Freshwater
Resources

Geoscience Teaching Methods
Water and Human Activity

InTeGrate Authored Modules and Courses

—

Climate of Change:

Interactions and
edbacks between
ter, Air and Ice

Human's
Dependence on
Earth's Mineral
Resources

Students examine where
products they use come from
and what it took to produce

Natural Hazards and
Risks: Hurricanes
Students explore how
hurricanes connect the
nnnnn -atmosphere-terrestrial
systems and society.
Students evaluate how
hurricane hazards and risks

Students analyze short-term
climate variability resulting
from atmosphere-ocean-ice

interactions. The module e them. Students learn about
promotes awareness of... rocks and minerals, methods
CONTINUE READING » of..

CONTINUE READING »
CONTINUE READING »

o .
A Growing Concern:

Sustaining Soil
Resources througl

Local Decision
Making
Students investigate how
tinued agricultural
productivity and the ability to
feed the earth's growing
population hinges on
understanding how...

CONTINUE READING »




Data-Rich Classroom Activities:
InTeGrate

Climate of Change module:

* Forecasting climate
Va r|ab|l|ty and Change Deciphering Short-Term Climate Variability

Cindy Shellito, University of Northem Colorado (lucinda.shellito@unco.edu)

o Deciphering ShOrt-term o s i s
climate variability

Making Sense of Ocean and Atmospheric Data Depicting Climate Variability

L4 A n O I I I a I O u S b e h a V I O r In this lesson, students will be provided with data depicting the cyclic changes in tropical Pacific climate associated with the El Nifio-Southern Oscillation.

Students will try to identify patterns in the data and discuss their findings with the class. An auxiliary lab or homework exercise provides students with data
from the North Atlantic and guides them in identifying cyclic changes associated with the North Atlantic Oscillation.

* Slow and steady?

* Systems@play
Unit 2 Teaching Objectives
. .
[ A d a tl n t 0 a C h a n I n * Cognitive: Provide students with an understanding of how ocean-atmosphere interactions lead to short-term climate variability, such as the El Niflo-Southern
Oscillation or the North Atlantic Oscillation.

W O r' | d * Behavioral: Provide students with experience examining climate data from observations and formulating hypotheses regarding the cause of change.

Learning Goals

Unit 2 Learning Outcomes

e CaseStudy2.1

o Students will be able to interpret lat-lon contour plots and Hovméller diagrams.

o Students will be able to explain how temperature and pressure anomalies affect the location of precipitation in the tropical Pacific.
e CaseStudy2.2

o Practice reading lat-lon contour plots of pressure and precipitation.

o Depict changes in pressure and precipitation over time on a map of the North Atlantic.

o Explain how pressure changes and precipitation patterns may be connected.

°

Be able to explain the importance of examining an anomaly.



Data-Rich Classroom Activities: GETSI

<é38°ﬁ%'§ |on Infinitesimal strain analysis using GPS data:

R%Oui;C'ES Module for structural geology or geophysics course

J

Play Slideshow < Previous Photo Next Photo »

Index UNAVCO,
+ Goal Plate Boundary Observatc vewfuimage ©

e Summary
+ Context

o Audience
o Skills
o Design
¢ Download Materials

Basic Module
2014 Napa Quake NEW

One Day Option
Extension Options

Background Documentation

¢ ¢ 0 0o o

¢ Module Development

Figure 1. Plate Boundary Observatory station velocities in the Pacific Northwest of
Goal the USA.... Read more »

Students are able to access and analyze
GPS data in order to calculate and
interpret ongoing strain in the region
between three neighboring GPS stations.




SERC Sites

SERC Site Guides

Helping Educators Find What They Need Within SERC Sites

SERC > Site Guides > Teaching with Current Research and Data

Navigating SERC Sites

Activities
Projects and Collaborations

Visuals: Images, Diagrams,
Video

Course Descriptions

Email Lists and Discussions
Workshops

People

Strengthening your
Teaching

Research on Teaching and
Learning

Designing Courses
Assessment
Teaching Large Classes

Quantitative Skills,
Thinking, and Reasoning

Teaching in the Field
Teaching with Current
Research and Data
Introductory Level Courses

Upper Division Geoscience
Courses

Career and Department

Career

Departments

- al= £ alf=ls

Site Guide: Teaching with
Current Research and Data

interest to educators and highlights
relevant resources from within project

Jump to:Topical Teaching with Data Resources | Classroom

websites hosted at SERC
View All Site Guides

and Lab Activities | Geochemical and Geophysical

Instrumentation, Analysis, and Facilities

Search all of SERC

General Collections

RS L

Teaching with Data from Pedagogy in Action - This is the first page in a module about
teaching with data in entry level geoscience classrooms. The module offers
background information for teaching with data (what is it, why use it, and how
does one use it) as well as a collection of activity examples one can use in their
classroom.

Teaching with Data Simulations from Pedagogy in Action - Teaching with data
simulations means giving students opportunities to simulate data in order to
answer a particular research question or solve a statistical problem. This
module explains how to use this technique along with with example activities
and classroom tips.

Teaching with Data, Simulations, and Models from On the Cutting Edge - Today's
geoscience education reaches beyond the traditional teaching tools such as rock
samples and topographic maps. With the addition of computers in many
aeoscience classrooms and laboratories. facultv have unorecedented opportunitv

Each Site Guide tackles a particular topic of



Teaching with Data

It can be done

Time consuming —
but worth it in the
eyes of faculty

Success grounded in
learning theory

Following other
projects’ examples
can make it easier

Time (y): 640

An image created with the Visualization Toolkit showing a model of Antarctic ice
growth. Image by Chuck Anderson, Penn State University.

Questions or comments?



