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Why use visualizations?

The take-home message:

Choose or construct your

visualizations carefully. Students don't
always see what we seel

What makes an effective
visualization?

Affective impacts of visualizations
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Resources on the SERC website:
Visualizations and tools for educators



Why use visualizations?

Geoscience iIs a highly visual field

Effective use of visual tools can
enhance student learning,
motivate students to learn, and

help them acquire skills for
Interpreting visual information.
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Enhancing student learning
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http://www.vets.ucar.edu/vg/CCM3T170/movies/ccm3_all_512.mpg

Observing the unobservable

Renderings showing 3 dimensions or changes over
time make complex processes much easier to
understand (reduces cognitive load)

Visualizations allow students to construct their own
mental images that stick with them
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BUT. Students don't
(always) see what we see

Geoscientists have
sophisticated spatial
reasoning skills

Mental models of
processes

Familiarity with reading
maps, contours, scales

Geographic knowledge
Looking and seeing are
learmed skills
These skills improve with
guided practice
The knowledge you bring to

the image affects what you
see
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Frequency distribution of particles in the
atmosphere by size as developed by Whitby
(1978). Classroom scenario described by Perry
Samson, University of Michigan: "/ see the
three mountains in the picture, but | don't
understand which way the wind is blowing.”




Using visual data in the
classroom

Change in Annual Snow Fall
RunID: Global_Warming_01, Years: 205862 - 195862
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How can we alignh what students see
with what we want them to see?

% Map the structure and
content of the information to
be conveyed on the
structure and content of the
diagram

< Use extra-pictorial devices

like arrows and guidelines
unambiguously

< Craft diagrams to explain,
not just show

“» Check to see if students
learn what is intended

(Tversky, 2004) Diagram from Exploring
Geology (Reynolds et al.)
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What makes an effective
visualization for teaching?

| _ o

On the Cutting Edge - Professional Davelopment for Geosciance Faculty

Teaching Geoscience with Visualizations: Using Images, Animations, and Models Effectively
Topical Resources

Teaching Geoscience with Visualizations roaching yith Data

d M

Visualizing the Earth, its processes, and its evolution through time is a fundamental aspect of geoscience. The
use of visualizations - diagrams, images, animations, maps, and more - is an essential tool in helping students
to visualize the Earth and its processes (e.g., references in the recommended reading list and many others).

February, 2008 workshop

Teaching with New Geoscience

February 10-12, 2008 at the Univers

alizations, Models, and Online Data
s, Amherst

Visualization Collections

e Browse our collection of \
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e Other S or

Collections. The following sites maintain large collections of visualizations. The
movies, models, and simulations.

Browse our collection of Geosc Datasets with Visualizations. This link will take you to a browseable collection of
geoscience datasets that indude visualizations, searchable by topic

Geoscience e Share references, resources or teaching materials so that they can be added to the collections.

Workshop How to Use Visualizations in Class

ing ations: Search our collection of teaching activities that use visualizations.

arth: Over 20 examples of Google Earth in geoscience classrooms.

o What Makes an Effective Visualization: If you are using visualizations in dass, these guidelines will help you choose the
best options

» Ideas for Teaching with Visualizations: This page incorporates essays, powerpoint presentations and topical resources on
I using visualizations to explain ideas, explore and understand data, powerful emerging tools, and educational research on
visualizations,
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Lessons from Education and Cognitive Science Research
Research sheds light on why teaching with visualizations is effective
e See Best Practices from Education and Cognitive Science Research

« Recommended Reading about Teaching and Learning with Visualizations

http://serc.carleton.edu/NAGTWorkshops/visualization



1. The same things that make
any educational activity effective

«»Start with your goals
<*What do you want the students to learn?

<*What are you trying to accomplish with the
visualization?
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Kalutara Beach, Sri Lanka; images from Tony Demark:
http://homepage.mac.com/demark/tsunami/
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2. Choose visualizations
build on student knowled

to
ge

What Are Some Important Times in Earth’s History?

If the entire 4.5-billion-year-long history of Earth is scaled to a single
calendar year, the Precambrian takes up the first ten months and part
of November. On this calendar, Earth formed on January 1st.

On Earth’s calendar, the oldest dated rocks (about 3.9 to 4.0 b.y.
old) would fall in early March. The oldest known fossils are only
a little younger (in late March).

02.09.c1
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Precambrian

Animals having hard shells arrived at about 542 Ma. On our calendar, this is
the middle of November. This event is used to define the beginning of the
Paleozoic Era, the second of Earth’s main chapters. The long time before

the Paleozoic Era is called the Precambrian (shown in brown).

Earth’s final two chapters began in December. The Paleozoic Era
ended and the Mesozoic Era started at 251 Ma in mid-December.
The Mesozoic Era ended and the Cenozoic Era began at 65 Ma,
equivalent to December 26.

Diagram from Exploring Geology (Reynolds et al.)

Just as in other aspects of learning,
what students see and learn is built
on what they already know.
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3. Simple is usually™ better

The power of visualizations comes from their ability to
clarify relationships rather than from reproducing exactly
the natural world. Thus, a design which emphasizes the
desired relationships or information is likely to be more
successful than one that makes every effort to be realistic.
(Uttal et al., 2006)
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Wilson and Buffa, sth Ed. (Prentice Hall, 2003)



Wilson and Buffa, sth Ed. (Prentice Hall, 2003)



Mazur (Prentice Hall, 200?)



Mazur (Prentice Hall, 200?)
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4. Context i1s important &

IS easily lost

< Effective visualizations maintain the
contextual relationships between the
different parts of the visualization and
between the visualization and whatever

it represents.

Compression

; \&athorinn. Erosion,
~ Depasition

Heat & Pressure

What Types of Rocks Form in Familiar Surface Environments?

Much of the surface of Earth is dominated by environments that many people have seen, such as mountai
rivers, and lakes. Think back to what you have observed on the ground in these types of places—probably
mud, and boulders. These loose pieces of rock are called sediment and formed by the breaking and wearing
away of other rocks in the landscape. Although more hidden, sediment also occurs beneath the sea.

01.05.22

< Glaciers carry River channels Steep mountain fronts
large boulders and  contain sand and  exhibit large, angular rocks
small pieces of rock cobbles, whereas that have moved downhill
and deposit these low areas beside in landslides or on unsta-
along the edges of  the channel accu-  ble, rocky slopes. The larg-

mulate silt and est blocks here () are one
meter long. [Colorado]

the melting ice
[Switzerland]

Sand dunes are mostly
sand, which has been
moved by the wind

Beaches (V) are do!
sand, and rounded,
[Naxos, Greece]

that died and tom.

Diagram from Exploring Geology (Reynolds et al.)



5. Consider the mental model
you want students to construct

< |f you want students to create a series of still
images in their mind to represent a geologic
process, a series of still images will be most
effective in conveying information. Similarly, if
students create a mental movie, an animation

may be more effective (Tversky et al., 2002).

Cutting Edge



5. Consider the mental model
you want students to construct

ALASKA: AK-01 Columbia Glacier “Kadin” (Narrated)

Time Period: May 12, 2007-May 13, 2009
Narration by: Dr. Tad Pfeffer

o
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6. Guidance helps

Visualizations present a large
number of relationships at a single

[ ]
10.00.02
1. The geology of Monterey Canyon is surprisingly complex. PRy 3. Cenozoic marine sediments, shown in
This diagram, looking north, shows a detailed geologic ! i yellow, tan, and brown, cover the conti-
n map superimposed on topography for the seafloor 9 nental shelf. The upper layers were

deposited within the last several
million years and are still
accumulating.

and land near the canyon. Only the
larger, colored patterns are
important here; the details
and unit labels on the map

4. Similar units are presen
are less important. e imilar units are present

on land, where they have
been mapped in greater
detail because they are

% S more accessible to

field geologists.

2. The steep parts of the canyon
cut into hard Mesozoic granite,
colored pink on this map. A sliver
of green near the western edge of
the figure shows oceanic rocks
scraped off the top of a downgoing
oceanic plate along a now-extinct
subduction zone.

5. Faults, shown as thick solid
and dashed lines, cut across the
seafloor and are associated with earthquakes.
The faults are related to northwest movement of the
Pacific plate relative to the North American plate. The plate
boundary is on land in this area, near the far corner of the diagram.

Professional Development for Geoscience Faculty 2009-10

Origin of Monterey Canyon

Diagram from Exploring Geology (Reynolds et al.)

Visual or textual clues can focus
attention on meaningful items or guide
the learner through the visualization in a
particular order.

On the Cutting Edge



Affective impacts of using
visualizations

< lllustrations elicit emotional response (i.e. Al Gore’s
CO, graph)

< Usingvisual tools provides a welcome break from
traditional lecture
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Image from Wikimedia Commons



Affective impacts of using
visualizations

Interactive nature lets students be in control (Reeve
and Jang, 2006)

Allows students to explore, hypothesize, play

Students can see their effect on a larger picture (i.e.
their own data set as part of larger data series)
Today’s students are comfortable with technical media;

many will appreciate activities that take advantage of
technology

Poorly chosen visualizations can lead to frustration

= A
I - o | 73 :
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Evaluating visualizations
for use In teaching

1. Does the visualization
Fit my learning goals?
Build on what students already know?
Clearly illustrate the concepts at hand, including contextual information?
Emphasize or isolate the key concept?

Contain sufficient arrows, labels, scale and other information so that
students can arient themselves?

Match the mental model | want studentsto create?
Help students avercome commaon areas of difficulty ?

Allow students to wark with data and manipulate the imagery to create a
deeper understanding?

Allow aopportunities far reflection, discussion, and synthesis?

2. In what context(s) can | use this visualization? (illustrated lecture, interactive

lecture, lab activity, independent exploration, reflection/synthesis,
assessment)

3. What kind of scaffalding, guidance, ar instructions will | need to provide alang
with the visualization?

4. How will | assess whether the students are achieving the learning goals?
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Collections of
visualizations
Collections of activities
using visualizations
Recommended
readings and an
annotated bibliograp
Workshop program
Links to Teaching with
Google Earth, Teaching
with Data, Simulations
& Models, & other
related sites

Share your favorite
visualization or activi

Visuals: Images, Diagrams, Video

<[> ) [+ [ et y html ¢ ] (Q- Google
Visuals: images, Diagrams, Video ¥
Teach the Earth =
the SERC portal for Faculty
Visualizations: Images, Diagrams and Videos for Teaching
Course Descriptions Finding Visuals
Workshops. Visuals useful in teaching and learning can be found throughout the project websites hosted at SERC. Here are some strategies for locating
People the perfect image, diagram, map or video.
Teaching ) ) ) _
Strengthening your For Geoscience Visuals start with the On Cutting Edge Teaching with Visualization Site.
Teaeh
eaching P R
St o Tschig + Collections of Visualization Addressing Common Geoscience Topics
raesming
Designing Courses Visuals often live within pages that describe activities. =
Assessment + Try searching for teaching activities that cover the the topic you're interested in.
Tpaching Large « Visuals are often in the teaching materials section. You may need to download the
handouts or powerpoints to find the visuals
uantitative Skils,
{Piing, an ) .
Reasonifig Individual projects often have collections of visuals.
Teaching in the Field | Check the navigation menu within the project site. Some rich starting points include:
Teaching with joburn Toxic Trial Resource Collection
Current Research and| . T Trial R L -
Data * Microbial Life Educational Resources — N
Introductory Level .
E"“ff; o Search the site for terms like video, map and diagram
e rses | e rolack spasii sesiches avaiobie n most projec shame oo <1 02 u5¢d
Career and Y proj P B Prey B
Department
Career
Departments Using Visuals
Resources by On Cutting Edge Teaching with Geoscience with Visualizations - A rich site that includes information on principles
Audence o for effective visualizations, ideas for teaching with visuals, and geoscience activities e visualizations,
Resourees for B e :
< » | + Snup://serc.carleton.edu/margins/minilessons/PTLandforms. html ¢l
[0 HE SERCpagesv yahoomail Carletonv googlev complex systemsv SILC/spatial learning sources of imagesv FreeConferencecom JGE PhDs.org »
Plate Tectonics as Expressed in G File:argest ever Ozone hole sept | +

MARGINS Data in
the Classroom

What are Mini-
Lessons?

Mini-Lesson
Collection

Submit a Mini-
Lesson

Assessing Mini-
Lessons in Action

Education Planning
Meeting 2009

Summer 2009
Webinar

2009 Workshop
2007 Workshop

MARGINS Project

MARGINS Education
and Outreach

Plate Tectonics as Expressed in Geological Landforms
and Events

» This activity went through an observational review process.

Summary

This activity seeks to have students analyze global data sets on earthquake and
volcano distributions toward identifying major plate boundary types in different
regions on the Earth. While the focus of the activity as written is on two NSF-
MARGINS focus areas, any region of the Earth for which this data is available can
be targeted. A secondary objective of the activity is to familiarize students with
two publicly available resources for viewing and manipulating geologically-relevant
geospatial data: Google Earth(TM) and GeoMapApp, a Java-based marine
geoscience data resource and visualization tool maintained by the Marine
Geoscience Data Systems at Lamont-Doherty Earth Observatory.

Learning Goals

Through this activity, students should become familiar with the concepts of plate boundaries and plate interactions, and

http://serc.carleton.edu/NAGTWorkshops/visualization



