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Geologic time is a fundamental

processes, and unfamiliar terminology.

Using Analogies to Teach about Time

Used well, analogies can be excellent teaching tools. This
page makes a set of research-based recommendations for
using analogies to teach about time and also analyzes
common analogies for their strengths and weaknesses as
teaching tools. Recommendations include choosing
analogies carefully, pointing out differences between the
target and the analogy to prevent misconceptions, and
making analogical mappings explicit.

Geologic Time Learning Goals

g

i Search
Cutting Edge Go

Geologic Time Learning Goals

"| Course Design

> ; ; : ; ing A ing
This web page is based on a document produced by Francis Jones, Brett Dooley, Kevin Mullins, Sﬁ’jfg:'&ez?f.,,g“e“ =

m and Mark Schmitz at the 2012 workshop on Teaching about Time. Deep Time
aming Goals ) Big Numbers
Assessing Introduction
Learning Articulating learning goals with an emphasis on what students should be able to do is the first step to creating
US[’Q A”a‘%ies a targeted and effective curriculum, whether at the program or course level. The Earth Science Literacy
tf reach about Initiative (ESLI) provides a framework of ten "Big Ideas" essential to understanding Earth Science, including
Hine ) geologic time and the rates of geological processes. Using that framework, we have developed lists of possible
\./;?Jal:zas‘:m”; learning objectives related to temporal concepts embedded in four of these "Big Ideas." The explicit
‘_‘C‘): Teaching connection to these big ideas or principles is emphasized below by using statements from the Earth Science Application
‘: ) Literacy Principles to organize our example learning goals. These examples are focused on the development of Comprehension
Geochronology knowledge, skills, and attitudes, and are formulated with Bloom's Taxonomy of Learning in mind. While this is
Workshop i i i i i i i i
S‘ynthey; ;nwr:]o“\::y intended to be a comprehensive list of possible learning goals, it may help you to articulate your | quOmrThmklngSklllli
Barriers to » st 0
Learnin . st 3
i Learning Goals
Journal Club
Findings . 1T
P ESLI 2: Earth is 4.6 billion years old.
Teaching e Attitude: Students will recognize that Earth's history spans many time orders of magnitude longer than the human or

Activities historical time scales.

Visualizations fossils to reconstruct events in Earth's history.

&

# Assessing Temporal Thinking and Learning

| This page links to several existing instruments designed to
measure students’ understanding of temporal concepts
and also outlines a process for developing your own
assessments, focusing on proven strategies: working
backward from the specific, measurable learning outcomes
you want to observe and using pedagogies such as
concept maps, concept sketches, or ConcepTests.

oncept in the geosciences.
Determining the rates of geoscience processes and dates of key
events is at the heart of much geoscience research. Further,
intellectual grounding in the magnitudes of Deep Time may provide
a foundation for understanding large magnitudes in other contexts,
including astrophysics, evolutionary biology, and economics. Yet
students struggle with many aspects of learning about geologic
time, including lengths of time and rates of processes beyond
human experience, proportional reasoning, uncertainty, unfamiliar
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Using Analogies to Teach about Time

This web page is based on a document produced by Iylse Resnick, Noah Fay, Sarah Gerken,
Leah May Ver, and Karen Viskupic at the 2012 Workshop on Teaching About Time.

Jump down to Common analogies for time | Assessing student understanding | References

Guiding Principles for Teaching with Analogies

Analogy refers to relating two different concepts based on shared features. The two concepts are referred to as the base and the target.
The base concept is the one that is already familiar. The target concept is the one we want to learn about. Used well, analogies can be
excellent teaching tools; used poorly, they may be of little use and can even introduce misconceptions. Based on research on the use of
analogies in teaching (see references) we recommend the following guidelines for the use of analogies in teaching about time:

e Make it clear that you are making an analogy and what the analogy represents.
e Choose your analogies carefully.

o The base and target concepts should be structurally aligned (similar to each other in as
many ways as possible) so that students are not confused or distracted by the ways
that they differ.

o]

The base concept needs to be familiar to students. For example, if we make an analogy
between plumbing systems and the veins and arteries in our bodies, the analogy will
only work well if students are familiar with plumbing systems.

e]

The analogy you are using might have pre-exisitng functional, spatial, or emotional
characteristics that can interfere with making the analogy. For example, if your analogy
involves a calendar, students may expect your target concept to be divided into equal
temporal units, just like a calendar. As another example, if an analogy involves talking

H 4 3 The “eruption” of a soft drink as
about money, students may become distracted by feelings about their own finances. pressure is released is a common

dewiooooo - w.o...] Using the framework of the Earth Science Literacy
B Initiative, workshop participants developed lists of
possible learning objectives related to temporal concepts
embedded in four of the "Big Ideas” essential to
understanding Earth Science. For example: “"Students
should be able to characterize geologic processes in
terms of their rates and the span of time over which they
operate.” While this is in no way intended to be a
comprehensive list of possible learning goals, reading
these examples may help you to articulate your own list.
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Assessing Temporal Thinking and Learning

Observing and Assessing
Student Learning
This web page is based on a document produced by Peter Berquist, Brett Dooley, Noah Fay, Research on Learning:

Marguerite Forest, Kathleen Gilbert, Francis Jones, Pamela Nelson, Ilyse Resnick, Steve Geological Time
Semken, Phil Stokes, Cara Thompson, Karen Viskupic, and Maria Waller at the 2012 workshop
on Teaching About Time.

Introduction

The first step in assessing temporal learning is establishing a set of measurable
learning goals. One way to write measurable goals is to use very clear verbs and
focus on actions. "Students will understand geologic time" is difficult to assess. In
contrast, "Students will be able to use Steno's principles to interpret the sequence
of geological events evident in a cross section they have not seen before,"
focusing on an action students should be able to perform, suggests its own
assessment. Writing measurable goals, such as this one, requires that you
carefully think through and articulate exactly what knowledge or skill you want
your students to exhibit or perform. As a result, developing strong learning goals
is often an iterative process, involving some refinement each time you teach a
course or subject.

Once you have a list of learning goals, you can choose from existing assessment
instruments or develop your own.

Existing Assessment Instruments

There are many instruments that already exist, designed to measure students' temporal thinking and learning. You may find that one or
more of these are already well-matched to your learning goals, or that modifications would allow you to use them to measure your
students' learning.

Teaching About Rates and Time: Challenges and Resources

Carol J. Ormand’*, Cathyrn Manducal, Steven Semken?, Erica Crespi?
IScience Education Resource Center, Carleton College <4School of Earth and Space Exploration, Arizona State University 3School of Biological Sciences, Washington State University

ED43B-0729

2012 Workshop: In February, 2012, we held a workshop on
teaching about time. Geoscience faculty, education and cognitiv
science researchers, and faculty from other STEM disciplines
discussed the cognitive challenges in learning temporal concepts

Teaching about Geochronology

Many students struggle with the chemistry and
mathematics of radioactive decay and its use in
geochronology. This page focuses on strategies to

help students overcome those challenges, including

teaching with analogies, building on familiar

concepts, having students solve real problems, and
reviewing the process of science as you teach about

geochronology.
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Selected Essays

We asked participants in the 2012 Teaching About Time workshop to write
essays about their experience and expertise related to teaching and
learning about temporal concepts. We also invited a few other scholars of
temporal learning to share their thoughts. The essays below are a selected
Assessing subset of those essays, highlighting insights from research and teaching.
Learning Additional essays are linked from the workshop participants page.
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‘~’=§:al=§§‘if:i "Bookends" to 30 Years of Thinking about Teaching
with Teachin . .

Tios ? Geologic Time

Kip Ault (Professor Emeritus, Lewis & Clark College) presents his recent and

Geochronolog 2 72 % A ST
- PR, "ancient" thinking about teaching about geologic time: how geoscientists use

| and shared successful strategies for
teaching about rates and time.

' Participants developed the following
set of online resources for faculty
who teach about rates and time in
their courses.

nttp://serc.carleton.edu/NAGTWorkshops/time/index.html
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Teaching about Geochronology: Absolute (Numerical) Ages

This web page is based on a document produced by Erica Crespi, Maya Elrick, Jessica Kapp, Margaret
Mayer, Mark Schmitz, Roger Steinberg, Gina Szablewski, John Weber, and Susan Zimmerman at the Radioactive Decay

2012 workshop on Teaching About Time. Deep Time

Teaching with Data
Simulations, and Models

Introduction

Geochronology - the process of determining numerical ages and dates for Earth
materials and events - is fundamental to understanding geologic time and
geologic history. Although this topic is essential to understanding and
appreciating geoscience, it is routinely overlooked and superficially addressed in
introductory textbooks, many of which omit the mathematical aspects of
radiometric dating (Shea, 2001). In addition, many students arrive in college
classrooms with misconceptions about basic chemistry that interfere with their
ability to understand radioactive decay and its use in geochronology (Prather,
2005).

Recommendations for Teaching

Based on our collective experiences as geoscience educators and/or
geochronologists, here are our recommendations for teaching about this essential
topic in geoscience.

Articulate learning goals (to yourself and to your students)

Workshop participants and a few other scholars
shared their experience and expertise related to
teaching and learning about temporal concepts in this
collection of essays.
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“S\Opr;fjff temporal reasoning in our work, and how elementary school children conceive of
! i time.
Barriers to
i Teaching about Time: A Biologist's Perspective
Ii‘?gé‘_'zzsc‘“b Erica Crespi (School of Biological Sciences, Washington State University)
2 discusses how it is essential for biology students to develop an understanding of
Courses multiple time scales (from milliseconds to billions of years) and presents her
Teaching current pedagogical strategies to tackle the subject.
Activities
Ackivityrkosters Building an Understanding of Geological Time
Assessments Jeff Dodick (Science Teaching Center, The Hebrew University of Jerusalem, Givat - ~
Visualizations Ram Campus) discuss his research focused on the cognitive processes needed for Cutting Edg R and Time
understanding geological time and his instructional models for teaching this Cutting Edge

Courses with a focus on Geologic Time
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Results 1 - 20 of 81 matches

Earth and Life Through Time

Students' abilities to use both
about how the rock and fossil r§
between biological and ...

North American Environments |-

Natural environments of North
environmental issues in the re
climate/weather, and biogeogr|

Historical Geology

This course will be taught oncg
evolutionary events in Earth's

Geological Perspective

General education Earth sciend
change. Class is offered in a le

contributed to SERC's online

Essays Earth History
- - Cutting Edge
collections of courses, teachin e
’ We invited participants in the 2012 Teaching About Time workshop to share visualizations th
m time, along with a description of how they use the visualizations in their classes. Here they a

activities, visualizations (with

Using Analogies
to Teach about

Roger Steinberg, in the Department of Natural Sciences at Del Mar Colled
paper that contains one million dots to help students comprehend the im
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Teaching Activities

search

-|Share a Teaching Activity

Help

Results 1 - 10 of 410 matches Refine the Results?

Biology 21 matches

Chemistry 1 match

Education 6 matches
Environmental Science 60 matches
Geography 7 matches

Geoscience 394 matches
Mathematics 3 matches

Physics 2 matches

| Earth System Topics: Time/Earth
History

168 matches General/Other
Relative Dating 59 matches
Absolute Dating 14 matches

Radiometric Dating Isochron exercise

Hands-on introduction to using the isochron method to determine radiometric ages.

Drawing unconformities

Thess simple sketches are used in class to show the development of different
unconformities.

Greenstone Belt Assessment

Students examine and describe rocks found as part of a geologic sequence formed during
the Precambrian Era and determine the geologic significance of each of the rocks in order.
The capstone (not included on the ...

Geologic Time Discussion Analogies T r
63 matches General/other
Problem Set 17 matches
Classroom Activity 230 matches
Lab Activity 142 matches

Project 50 matches

This is 4 ppt slides used to facilitate discussion w/students about the immensity of
geologic time. I ask them a series of leading questions and try to get them to do "mental
math" in order to grasp the ...

- - Cyclostratigraphy and astrochronology exercise Field Activity 55 matches
Time "I first hand out individual copies of the 8 1/2 by 11 pieces of paper cont. Essays M Virtual Field Trip 2 matches
t e a C h I n t I S a n d a S S e S S I I l e n t S Vlsualizaﬁqns student, and ask them the significance. Students usually look for a pattern in the dots (which I may
’ :‘Tig‘ Teaching actually encourage), until I inform them that it is the number of dots on the page that is significant. I
ask them to guess the number of dots on the pages. Usually, someone will eventually correctly guess (or
Geochronology calculate) 5000. Then I select a student to help me unfurl the large sheet of paper, and ask the class to

Teaching

Workshop guess (or quickly calculate) the number of dots on it. Most commonly the responses are 4.6 billion (age

]
Synthesis of the Earth) or 13.7 billion (age of the Universe). Students are always shocked when I reveal that the number is only 1
Barriers to million."
n Learning

Journal Club Visualizing the Precambrian
Findings
Courses S Roger Steinberg, in the Department of Natural Sciences at Del Mar College, has created a page-sized geologic

time scale and an extended poster-sized geologic time scale, both drawn to scale, illustrating the immense
span of time corresponding to the Precambrian. He writes,

Activities (s
Activity Posters -—- "Students see the Phanerozoic portion of the extended time scale first. Then, I slowly unfurl my time

Assessments scale addition to reveal the full Proterozoic, drawn at the same scale as the Phanerozoic. The Archean is
Visualizations unfurled next, followed by the Hadean. Figure 3 shows my entire extended geologic time scale, taped to
Essays my classroom wall.... Because the Phanerozoic portion of the Ward's time scale alone is 30 inches in length, my entire

This project
is sponsored
by NSF.




