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Seismology provides a window into the inaccessible Earth and is fundamental for understand-
ing our dynamic planet. It allows us to prospect for and benefit from Earth’s natural resources,
and to assess and mitigate its earthquake and volcanic hazards. Seismology plays a vital role in
monitoring man-made and natural seismogenic events ranging from small industrial explosions
to the ringing of the entire Earth. Appreciating and understanding seismology’s scientific and
societal relevance requires knowledge of geology and physics, often coupled with elements of
oceanography, electronic and computer instrumentation, civil engineering, public policy, and
other disciplines. Seismology is thus an engaging and quantitative science exhibiting a myriad of
connections to broader areas of science and society. As such, it can be illustrative of both the pre-
dictive power of simple physics-based models, and of the astounding complexity of Earth sys-
tems science.

The Incorporated Research Institutions for Seismology (IRIS) is a National Science Foundation
supported consortium of nearly 100 research universities across the United States. Since its 1984
inception IRIS activities have catalyzed unparalleled growth in high-quality seismic data and asso-
ciated groundbreaking research. IRIS recognizes the potential for professionally coordinated
Education and Outreach activities in seismology and associated Earth sciences to significantly
advance national awareness, interest, and understanding of science and mathematics.

IRIS E&O activities are designed for audiences ranging from K-16 students to the general pub-
lic, and are focused where IRIS is well-positioned to make substantive contributions commensu-
rate with its unique position as a large research university consortium incorporating world-class
research and data resources. Program goals will be advanced by the E&O staff in close collabora-
tion with a diverse assortment of allies, including IRIS members and their institutions, K-12 teach-
ers, undergraduate institutions, science and news journalists, and science museums. IRIS will
also work closely with other national Earth science teaching and research organizations, regional
earthquake centers and federal agencies with strong mandates for public education, to maximize
joint effectiveness and reduce redundancy. An increasingly important component of IRIS E&O will
be contributions to complementary national Earth science initiatives, such as EarthScope, the
Digital Libraries for Earth Science Education (DLESE), and the Advanced National Seismic System
(ANSS), which offer significant nationwide venues to advance Earth Science interest and literacy.

Leveraging IRIS resources to produce nationally significant results will require substantial and
sustained outreach to the wider education community. Important efforts in this direction include a
range of K-16 teacher workshops, widely distributed educational modules, and associated tools
(including seismographs and educational software for viewing and interpreting seismograms),
and a recently instituted IRIS Educational Affiliate membership program for undergraduate col-
leges and universities. Outreach to the general public will be enhanced through a distinguished
lecture program, seismology museum exhibits, improved educational access to and use of seis-
mic data, and other general information initiatives and materials. An essential component of
gauging the impact of our efforts in all the above areas will be an assessment plan incorporating
internal and external review.



Core Activities and Audiences for the IRIS E&O Program

A Focus on People

Activity

Audience

Educational Affiliates

Professional development for undergraduate
teaching

Professional development for Earth scientists
working with K-12 teachers

Professional development for K-12 teachers
Undergraduate Research Internships

Graduate StudentTeaching and Communication
Workshops

Graduate StudentTravel Grants
Efforts to increase diversity throughout our program
Distinguished Lecture Program

EarthScope/USArray

Undergraduate institutions
Undergraduate faculty

Graduate students and professional Earth scientists

K-12 teachers
Undergraduate students
Graduate students

Graduate students
K-20 students

Students and faculty at colleges and universities,
public

All Americans

A Focus on Products

Activity

Audience

Posters and one-page information sheets
Museum Exhibits
Seismometers in Schools Program

Instructional Materials (Teachable Moments
resources and other curriculum modules)

Seismic Data Analysis Tools for the K-16 classroom
(AmaSeis, WILBER and VSN Explorer)

Web access to seismic data and related information

Public and K-16
Public and K-16
K-16 schools
K-16

Public and K-16

Public and K-16







Advancing Earth Science Education

Introduction

Seismology is a broad science, fundamental to
the study of earthquakes and volcanoes,
prospecting and recovery of natural resources,
and the evaluation of seismic hazards to build- and that we are not in full control of our destiny. They challenge us
ings, power plants, pipelines, and other infra- :
structure. Seismology is also about probing the
deep inaccessible interior of the Earth through

Earthquakes are a reminder of the power of natural Earth processes

to understand these processes and stimulate interest in learning.

thousands of kilometers of rock, and even about

monitoring for clandestine nuclear explosions detonated under some remote desert. This unique
blend of basic and applied research in Earth science and physics makes seismology an engaging
and highly relevant topic for communicating the essence and excitement of science to students
and the public. It is this excitement of scientific discovery and the importance of understanding
the complex and dynamic Earth and society’s interactions with it that propels us to engage in out-
reach and education for all Americans.

The Incorporated Research Institutions for Seismology (IRIS) is a consortium of United States
universities that have research programs in seismology. IRIS is responsible for the development
and operation of the infrastructure needed for the acquisition and distribution of high quality
seismic data to a global audience of researchers, educators, and the interested public. IRIS infra-
structure has facilitated huge advances in our understanding of Earth structure and processes,
ranging from global images of our planet’s seismic velocity structure to high resolution images of
the near surface. Equally important, it has raised the quality of research and increased the oppor-
tunities for scientists in the United States and around the world to actively participate in research.
With the unparalleled resources in data, data accessibility, computer technology, and scientific
expertise among its membership institutions, IRIS can also make substantial contributions to sci-
ence education. The nationwide distribution of IRIS institutions allows our educational outreach



efforts to incorporate national, regional and local programs. We believe that by drawing on IRIS'
strengths we can make significant contributions to science education by promoting a deeper
understanding of our dynamic planet through seismology, and by extension, general science.

IRIS members have increasingly recognized the
need to communicate the results of scientific
research to the public more effectively, to
Earth science and seismology is especially important for teachers advance science literacy in our nation for greater
understanding of our rapidly changing, and
increasingly technological world, and to attract
science concepts that the majority of Americans will ever learn. more students to study science. To address these

issues, the IRIS Education and Outreach (E&O)

program was formed in January 1997 Since its
inception, the E&O program has explored the needs of the different audiences we serve and has
developed core activities to address those needs. In 1998, the E&O committee convened a confer-
ence with representatives from diverse science and science education disciplines, funding agen-
cies and other Earth science E&O programs to develop a broad vision of how IRIS can uniquely
contribute to science education and outreach. The discussions and collaborations that developed
during and since this inaugural conference have guided our efforts. Accomplishments over the last
four years provide a solid and tested foundation for the new vision and scope proposed in this
program plan. In particular, we have been attentive to new science and education initiatives such
as EarthScope and the Digital Library for Earth Systems Education (DLESE) (See Chapter 5).

Providing professional development and resource materials in

in middle and high school grades who teach the bulk of the Earth

IRIS E&O has chosen, through internal decision-making and the guidance from education and
research communities, to provide products and programs for a variety of audiences. Primary audi-
ences for outreach include the general public, K-12 students and educators, and post-secondary stu-
dents at our nation's colleges and universities (Table 1). However, to be successful, the E&O program
must also look inward to tap the huge pool of talent within the diverse ranks of IRIS' nearly 100 mem-
ber institutions to build an education program of truly national scope and prominence.

The justification for reaching out to diverse audiences is simple. The general public has entrusted sci-
entists to engage in meaningful research for the good of society. Taxpayers supporting such work have
the right to expect relevant and timely information that will satisfy their curiosity and allow them to make
informed decisions. By providing the public with this information, we contribute to a generally increased
level of scientific literacy and help validate the relevance of scientific research to society. The public also
has an expectation of excellence in teaching at all educational levels. We can provide opportunities that
help the seismology community and K-16 educators engage in more effective teaching in both class-
rooms and in other, more informal settings. Our efforts will help create a new generation of Americans
with a greater understanding of Earth science and seismology, and help us attract the best and brightest
to our discipline. Research shows that creative teachers using innovative lessons can stimulate an early
interest in science and increase the likelihood of a student choosing a career in science. To stimulate this
interest requires high quality educational resources for teachers in K-12 and for college faculty in under-
graduate programs. Providing accurate and efficient professional development and resource materials in
Earth science and seismology is especially important for teachers in middle and high school grades who
currently teach the bulk of the Earth science concepts that the majority of Americans will ever learn.

IRIS will focus on developing people and products through our E&O program by:

¢ Providing educational opportunities in seismology and related science, engineering, and math-
ematics topics that help our target audiences develop new skills and understanding; and

¢ Developing products to facilitate teaching and learning seismology and related topics in Earth
science, engineering, and mathematics.



Table 1: Target Audiences for IRIS E&O Activities

Educational Level/Target Audience Benefit/Goal

General Public Increase understanding, awareness, and appreciation of the
relevance of science and technology.

Provide relevant and understandable scientific information.

Build public support of science and Earth science in general,
and seismology in particular.

Young Children Stimulate science interest in young children; many scientists
developed their interest in science at a very early age.

K-12 Students/Teachers Improve quality of science teaching and learning, especially
Earth science learning.

Capitalize on the natural interest of young students in earth-
quakes, volcanoes, plate tectonics, and other high profile
Earth science.

Increase quality and numbers of students entering college
with interests in Earth science.

Undergraduate Students/ College Faculty Improve teaching in introductory Earth science courses and
provide future leaders with sufficient understanding of Earth
science issues.

Increase the number and quality of students selecting
geophysics and Earth science as majors.

Graduate Students Provide graduate students with experiences that improve their
skills as scientists and educators.
Open doors to a variety of careers.

Educational opportunities currently provided by IRIS include professional development work-
shops for Earth science professionals and K-12 teachers, where educators learn to teach seis-
mology-related Earth science and physics topics in engaging and effective ways. The E&O
program will further stimulate integration of research and education by providing non-special-
ists with easy access to real and timely seismic data and user-friendly data analysis tools and
by providing opportunities to participate in ongoing research projects. This integration can be
supported further through the incorporation of real data into inquiry-based science instructional
materials.

IRIS has encouraged and supported the involvement of its members and other institutions in a
wide variety of education and outreach efforts. The consortium is in a position to help strengthen
the efforts of individual members by providing essential resources and coordinating efforts
nationwide. We also recognize the crucial leveraging effect of engaging in partnerships with other
organizations involved in Earth science education. This approach is key to achieving the vision
and goals of the program.
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Global population map. Highest population density is red; lowest population density is light blue.
(C.Scott Walker, University of Arizona)

Global seismic hazard map. Highest hazard is dark red; lowest hazard is beige.
(Data from Global Seismic Hazard Assessment Program)

Locations of high seismic hazard strongly correlate with regions of high population and low economic prosperity, setting the stage for potential
earthquake disasters.




In this document we set the stage for IRIS E&O activities, focused on areas where IRIS is well
positioned to make substantive contributions. We begin with a brief review of relevant national
education reports outlining the present state and national goals of science education and then
identify contributions that we can make to help achieve those goals (Chapter 2). We next clarify
the role and responsibilities of the IRIS education and outreach program in Chapter 3. Chapter 4
summarizes work that has been accomplished in the past four years and provides an outline of
future directions. Important linkages between IRIS and other major national initiatives are provid-
ed in Chapter 5. This is followed by a discussion of program evaluation in Chapter 6. Chapter 7
concludes with a list of recommendations for the future of the E&O program.

About IRIS

IRIS was formed in 1984 by twenty-six universities to provide national focus for the develop-
ment, deployment, and support of modern digital seismic instrumentation and associated data
services. Today, membership in the nonprofit consortium numbers over 96 institutions. IRIS sup-
ports the research needs of Earth scientists in the U.S. and around the world through four major
programs:

e The Education & Outreach Program (E&Q)

e The Data Management System (DMS)

e The Global Seismographic Network (GSN)

e The Program for Array Seismic Studies of the Continental Lithosphere (PASSCAL)

Funding and Management

IRIS is funded by the U.S. National Science Foundation through its Division of Earth Sciences.
Management is provided through a small staff with headquarters in Washington, DC. IRIS also
has major satellite facilities in Seattle, Washington - site of the Data Management Center, and in
Socorro, New Mexico - site of the PASSCAL Instrument Center. IRIS facilities are primarily operat-
ed through member universities and in cooperation with the U.S. Geological Survey.

Governance

Each member institution is represented on the Board of Directors. The Executive Committee
acts in policy matters on behalf of the Board of Directors. Management is provided by the
Corporate Office through the President and Program Managers. Oversight of IRIS programs is
provided by associated program Standing Committees.

Voting representation on the Board of Directors and membership on the Executive Committee
is limited to Directors representing full IRIS member institutions. Individuals elected or appointed
to Standing Committees or other special committees need not be from member institutions. Non-
voting members of IRIS include foreign research institutions (Foreign Affiliates) and the newest
category, two- and four-year colleges (Educational Affiliates). Additional information on IRIS can
be found at www.iris.edu.






Chapter 2

Advancing Science Education and Literacy in the 21st Century

Overview

During the last century, the United States has made dramatic progress in advancing the education-
al level of its population. Even with population and immigration rates growing rapidly, the level of
educational attainment has continually increased such that today about 85% of the U.S. population
(age 25+) has completed 4 years of high school or greater, about 65% of high school graduates enter
college within one year of high school graduation, and about 25% of the population (age 25+) has
completed 4 years of college or greater. These educational achievement rates are as high, or higher,
than those of any other country. Furthermore, the U.S. higher education system is widely recognized
as one of the best in the world. High school and college graduates from around the world compete
for entrance to U.S. colleges and universities and for admission to graduate and professional
schools. However, over the past 15 years there has been increasing concern about the performance
of graduates from our educational system. Much of the criticism has focused on apparent under-
achievement in science and mathematics by both high school and college graduates. Another area of
concern is the failure to attract sufficient numbers of people to science and technology careers, espe-
cially women and minorities. Increasingly, citizens of foreign countries populate our graduate pro-
grams in science and technology. In this age of rapid advances in science and technology, there is a
great need for all Americans to be scientifically literate to ensure that the U.S. maintains its leader-
ship role in science and the global economy and is able to conduct scientifically informed policies.

IRIS and its member institutions can contribute to solving these problems by:
e Making advances in science and technology knowledge and skills more accessible to all;
e More effectively preparing current and future K-12 teachers to teach science and technology;

* Encouraging and preparing the next generation of scientists and broadening career paths
available to them.

In this chapter, we will examine how IRIS can fulfill these goals, taking into consideration the
particular challenges facing our audiences.
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Informal Education of the Public

Americans draw on many sources for scientific and technical information, although television
and newspapers are the primary source that most use to update their understanding of science.
The Internet is also becoming a major venue for the
dissemination of scientific news and is a primary
research tool for journalists. While scientists recognize
the need for science reporting in the popular press, too
often we hear accounts of research represented inade-
quately or incorrectly. A notorious case in seismology
is the Iben Browning 1990 earthquake prediction.
Browning predicted that a major earthquake would
strike the region of New Madrid, Missouri, on about
December 3, 1990. Although nearly all seismologists
rejected Browning's prediction and indeed the earth-
. quake did not occur, the prediction became credible to
many news journalists; TV, newspaper, and radio cov-
erage caused serious concern among emergency pre-
paredness officials and the general public (Spence et
al., 1993). While this was an extreme case of misinfor-
Testing building designs with a shake table. mation to and miscommunication by the popular

press, it demonstrates the importance of developing
better channels and methods for communicating key scientific information to journalists, and the
need to work as closely as possible with news representatives to ensure the accuracy and clarity
of the message.

A recent report, (Hartz and Chappell, 1997) summarizes some of the relations between scientists
and journalists. This survey of 2,000 journalists and editors and 2,000 scientists and engineers,
indicates that neither scientists nor journalists think that the popular press does a generally good
job of representing science to the public. The report states: “The results also revealed a serious
lack of confidence by both scientists and journalists in the media’s understanding of how science
is done and how to interpret and convey the results of research studies. That lack of knowledge
means that journalists have a hard time reporting scientific and technological discoveries in a
readily understandable and useful way. Examples include journalists’ frequent confusion about
how to interpret statistics, probability and risk. Journalists, furthermore, do not generally under-
stand the peer review process in science, and
hence may report findings that have not been sub-
jected to independent review. Further, journalists
tend to look for sensational and/or controversial
results whereas science usually advances by incre-
mental steps.” Clearly, improved reporting of scien-
tific research requires scientists to be able to
communicate their work to the non-specialist and
for journalists to understand the scientific process.
One way that IRIS can contribute to this need is by
providing the scientific community with opportuni-
ties to develop skills necessary for the effective
communication of science to news representatives

and to the public. Demonstrating the concept of a sesimograph.




Advances in communications technology have made it easier for journalists and the public to
stay abreast of ongoing research and recent discoveries. Technology has also made it possible for
the public to partake in the scientific endeavor through seismology programs such as the Public
Seismic Network (PSN) of amateur seismologists. IRIS can further expand these opportunities by
developing tools and activities that make the existing rich seismic data resources more accessi-
ble. In addition, IRIS can also work with museums and other organizations to show the value of
seismic monitoring to society. The average American makes approximately two visits per year to
science museums, zoos, aquariums, and comparable venues (National Science Board, 1998).
These institutions play an important role in life-long science learning, with many also providing

substantial K-12 educational programs.

K-12 Education

In 1983, an influential government report was
highly critical of U.S. education overall and called
for significant reform of educational practice to
include more inquiry-based teaching and problem
solving ("A Nation at Risk’; National Commission
on Excellence in Education, 1983). Subsequently,
many reports, published papers and oral presen-
tations by educators, news representatives, gov-
ernment officials and business leaders have
contained similarly strong criticisms (e.g., “The
Third International Mathematics and Science
Study’ 1999). Attention has focused on science
and mathematics, subjects that are increasingly
important to technological and economic compet-
itiveness and to the workforce capability. While
interpretations of the basic data on student per-
formance are disputed (Jaeger, 1992; Bracey,
1993; Carson et al., 1993), the downturn in the
number of students prepared and interested in
pursuing careers in science and the confusion
among the general population about basic sci-
ence is indisputably real.

“Four important and enduring reasons underscore the need for
our children to achieve competency in mathematics and science:
(1) the rapid pace of change in both the increasingly interdepen-

dent global economy and in the American workplace demands

widespread mathematics- and science-related knowledge and
abilities; (2) our citizens need both mathematics and science for
their everyday decision-making; (3) mathematics and science are

inextricably linked to the nation’s security and interests; and (4)
the deeper, intrinsic value of mathematical and scientific knowl-

edge shapes and defines our common life, history, and culture.
Mathematics and science are primary sources of lifelong learning

and the progress of our civilization.”

The Glenn Commission, 2000

Of particular importance is the supply of future scientists. The most recent census data suggests
that in 50 years, current minority groups will comprise more than 50% of the US population.
Today, minority groups represent approximately 31% of the US population (US Census 2000
Tables). The NSF reports (“Opportunities for Enhancing Diversity in the Geosciences’, 2000) that
underrepresented groups - African Americans, Hispanics, Native Americans (American Indians
and Alaskan Natives), Native Pacific Islanders (Polynesians or Micronesians) and persons with
disabilities - represent about one quarter of the general population, and earn almost 15 percent of
the total bachelor's degrees granted in science and engineering; however, they earn only 4.6 per-
cent of all BS degrees in the geosciences. The percentages for underrepresented groups earning
MS and Ph.D. degrees in geosciences are 3.3 percent and 5 percent, respectively, of the total
earned. By comparison, underrepresented groups earn 10.6 percent of all MS degrees and 8.2

percent of all Ph.D. degrees in science and engineering. Thus, science, in general, is not attracting
underrepresented groups, and the geosciences are doing an especially poor job (e.g. see the spe-
cial issues on “Minorities in Science” in Science, 1992-1993). The long-term impact of a growing



minority population coupled with low minority recruitment into the geosciences may leave soci-
ety without the resources to continue advancing our discipline unless action is taken.

Across the country, many lower achieving stu-
dents attend under-resourced rural and urban
Because of its inherent interest to students and its relevance to public schools. Such schools commonly suffer
from a shortage of individuals with adequate
background and preparation to teach math and
in urban and rural environments. IRIS can offer programs that science classes and high numbers of minority,
recent immigrant and disadvantaged students.
These schools have difficulty attracting the best
implement those materials in their classroom. teachers or supplying high quality teaching mate-
rials. As a result urban and some rural area
schools have low percentages of students with
basic math and science abilities and the students fall significantly behind their suburban counter-
parts in reading, math and science skills (Education Week, 1/8/98). Science education in rural com-
munities is particularly challenged by the slower rate of introduction of technology compared with
that in urban and suburban schools (Education Week, 11/10/97). In many regions specific programs
or initiatives are in place or are being developed to improve education in under-resourced schools.
Because of its inherent interest to students and its relevance to society, seismology is a topic that
can enhance science education in these environments. IRIS can offer programs that provide teach-
ers with high quality materials and the skills to implement those materials in their classroom.

society, seismology is a topic that can enhance science education

provide teachers with high quality materials and the skills to

A critical factor in providing high quality science education at the K-12 level is teacher prepara-
tion. Recent studies confirm that knowledge of science content, use of effective teaching methods,
and consideration of differing learning styles is required for effective science teaching that results
in student learning. However, the science content preparation of science teachers varies signifi-
cantly with grade level; in the 1993-1994 school year less than 2% of elementary level science
teachers possessed an undergraduate degree in science or mathematics, compared with 17% and
63% of science teachers at the middle school and high school levels, respectively. (National
Science Board, 1998) Knowledge of science content directly affects teaching practices in the K-12
classroom. It has been shown that when covering unfamiliar topics, teachers present the material
in a less organized manner, are less likely to encourage active participation, and spend more time
on unrelated topics (Carlsen, 1991; Smith & Neale, 1991). Teachers lacking science content prepara-

tion also report difficulty in preparing science

lessons that meet local, state or national educa-
“Fifty-six percent of all public school students enrolled in physical tion standards. An additional factor that com-

pounds this problem is that 56 percent of all

science classes in grades 7-12 were taught by teachers without at public school students enrolled in physical sci-

least a minor in physics, chemistry, geology or Earth science.” ence classes in grades 7-12 were taught by teach-
ers without at least a minor in physics, chemistry,
US Dept of Education, 1996 geology or Earth science (US Dept of Education,

1996). Content preparation in the Earth sciences is
a particularly acute problem.

Data from the National Science Teachers Association (NSTA) Registry indicates that in 1998 more
science teachers reported teaching Earth science at the middle or secondary school level than
physics or chemistry. However, degrees or certifications in Earth science are much less common
among middle or high school teachers than those in chemistry or physics. The smaller number of
teachers with degrees in Earth science may be the result of a lack of undergraduate programs that
provide adequate teacher preparation in Earth science (Ridky and Keane, 1999). For the reasons



described here, a relatively small number of science
teachers have significant training in Earth science.
Professional development opportunities for teach-
ers of Earth science (including seismology) are
needed to address this shortcoming. In addition,
greater collaborations between scientists and sci-
ence educators are needed to better prepare the
next generation of K-12 teachers.

With the publication of "Science for All
Americans" (AAAS, 1989), the science education
reform movement recognized the importance of
science learning for all students and the impor-
tance of a scientifically literate populace. Over a
decade of research and publications on science education reform has followed. In 1993, the AAAS
published The "Benchmarks for Science Literacy (often referred to as the "Benchmarks"), which
are a coherent set of learning goals in science for all students at the K-12 level. Subsequently, in
1996, the National Academy of Science (NAS) published the National Science Education
Standards (NRC, 1996), which include recommendations on science content, teaching, profession-
al development, assessment, and educational system practices for grades K-12. These standards
outline a framework for reform of science education for the coming decades. Importantly, the
Standards recognize Earth and space sciences as one of three major science areas - physical sci-
ences, life sciences, Earth and space sciences - that should be covered throughout the K-12 cur-
riculum. The Standards present exciting new possibilities for pre-college Earth science education
because until now Earth science has not been universally taught. In many schools Earth science is
being introduced into the K-12 curriculum for the first time, and so, the need to provide improved
content preparation in Earth science through pre-service training and in-service professional
development is acute.

The 1996 joint statement by the National
Academy of Science, the American Association
for the Advancement of Science (AAAS) and the
National Science Teachers Association, "A become well informed enough to become involved with local and
Cooperative Era of Reform in Science Education"
(Science Education News, 1996), recommends
that effective science teaching must: and pedagogy of their disciplines to current and future teachers.”

“Many more scientists, mathematicians, and engineers must

national efforts to provide the appropriate current knowledge

® be directed at ALL students to ensure science . .

. . National Research Council, 2001
literacy among all Americans,

e embody the nature of science,

® promote science as inquiry rather than an exercise in memorization, and

* embrace the concept that by teaching less, students will actually learn more.

These principles require new and more effective approaches to science teaching at all levels,
improved teacher preparation and professional development for teachers, and reorganization of
the science curriculum emphasizing important connections to mathematics, technology and other
subjects. IRIS can contribute to this effort in Earth science and seismology education.



Post-Secondary Education

The U.S. has over 3,500 public and private institutions of higher learning, including community
colleges, liberal arts colleges and major research institutions. These institutions differ greatly in
their educational styles, but all play a major role in the science education of our society. While
community colleges and liberal arts schools focus primarily on the education of their students,
research universities have a dual role: providing high quality undergraduate education and main-
taining their prowess as leaders in research.

A recent report on post-secondary education (Boyer Commission, 1998) has sharply criticized
the education performance of American research universities. The report states that while an
undergraduate at a research university can receive an education as good or better than that avail-
able anywhere in the world, this is not the typical experience. The reasons for this stem from the
reward system of research institutions. Despite the oft-quoted claims that equal weight is given to
teaching, research and service at research institutions, the reality is that most institutions appoint,
promote, and tenure faculty based primarily on research accomplishments (measured by funding
success, publication record, national and international influence, and numbers of graduate stu-

. . dents). Ironically, many undergraduate stu-
dents graduate without experience in
research despite the major research programs
intrinsic to these universities. Many profes-
sors at such institutions are extremely com-
mitted to teaching; however inconsistencies
between demands on faculty and the reality
of tenure requirements mean that teaching
can end up as a burden (“teaching loads”)
that reduces time available for research.
Often, graduate students teach substantial
parts of undergraduate classes at research
institutions; these graduate students may
have little or no teaching experience and in
some cases are not proficient in English.To
compound the problem, graduate students
and faculty often have little or no training in teaching methodology. Thus, there are obvious
opportunities to improve undergraduate science education by involving faculty and graduate stu-
dents in educational initiatives that increase their knowledge of good teaching practices and by
increasing opportunities for integrating education and research in the undergraduate curriculum.
IRIS can help by providing faculty and graduate students opportunities to learn about effective
teaching methods and providing them with high quality instructional materials in seismology and
related Earth science.

In contrast, teaching is recognized as the primary faculty responsibility at liberal arts and com-
munity colleges. These institutions share the common problem of providing little or no training
for faculty in teaching methodologies. However, they face other challenges in providing excellent
post-secondary science education. Faculties at such institutions commonly have heavy teaching
commitments, with little or no time to pursue research. As a result it can be difficult to offer
research opportunities to students and to incorporate current, cutting-edge research into the cur-
riculum.Yet, good science education at liberal arts and community colleges is critical to a large
sector of the work force. For many students, liberal arts and community colleges are stepping-
stones to further formal education, with many liberal arts students going on to graduate school,
and many community college students transferring to four-year undergraduate institutions. In



addition, community colleges train a significant percentage of future K-12 teachers. Many stu-
dents from liberal arts and community colleges go on to careers that influence the future of U.S.
science education and research such as policy, business, science research and K-16 teaching.
Research internships at IRIS member institutions for qualified undergraduates at any U.S. educa-
tional institution provide one avenue to assist two-year and four-year colleges and universities in
providing a richer learning experience.

A large percentage of students taking introductory Earth science in college are fulfilling a gener-
al degree requirement; as a result they may be less interested in the subject matter. However, the
broad interdisciplinary nature and obvious relevance of Earth science to everyday life can be used
to generate new excitement for science while teaching Earth science content, important related
concepts in physics chemistry mathematics, and the scientific method. Improving the quality of
undergraduate Earth science education can increase the number and quality of students majoring
in Earth science, and enhance the science literacy and understanding of the Earth among the stu-
dents enrolled in large introductory Earth science courses. IRIS can contribute to this effort.

The challenges facing graduate education are
different than those at the undergraduate level.
Traditionally graduate education in the sciences “Teacher education in science, mathematics, and technology
has focused on preparing students for careers in
research, either at an academic institution or in
industry. It is clear that besides preparation for a development programs that include intellectual growth as well as
career in research, a graduate education should
also provide an individual with transferable skills

must become a career-long process. High-quality professional

the upgrading of teachers” knowledge and skKills must be expected

and with knowledge of alternative career paths. and essential features in the careers of all teachers.”
One of the most fundamental areas in which
graduate education can be improved is in helping -National Research Council, 2001

students to develop excellent abilities in commu-

nications — oral and written. Experience with edu-

cational programs will be valuable for graduates to develop the communication, organizational
and teaching skills needed to have a successful career, especially as a faculty member. IRIS can
contribute to this effort with professional development opportunities for graduate students.






Defining the Goals

The responsibility of science education for all Americans extends beyond the traditional K-12
classroom. Outreach by scientists and scientific organizations to a broader community is a critical
component. Scientists not only have an opportunity to contribute to science education, they also
have a responsibility to do so (AAAS, 1989; NSF, 1996, 2000; NAS, 1996; NRC, 1999, 2001).
Reaching out to new communities and building partnerships that are mutually beneficial can
meet this responsibility. An informed populace, enthusiastic about science and able to distinguish
between science and pseudo-science, is also more likely to support future scientific endeavors.
Further, by partnering to improve the science understanding of today's students, we are prepar-
ing tomorrow's scientists. Early introductions and multiple experiences with scientific investiga-
tions are key to developing a broad understanding of science, yet the majority of the populace
has little direct contact with scientific research or scientists. Research scientists can contribute by
making these science experiences possible in a variety of forms and levels. While involvement in
educational outreach beyond the college audience is challenging, IRIS and its members can also
reap great rewards from such endeavors.

Outreach is any activity that extends IRIS' reach beyond its traditional research community
audience. The basis of any outreach program is education and cooperation to reach common
goals. This can take many forms from providing news releases on socially relevant seismology
research to preparing the next generation of seismologists. The IRIS education and outreach pro-
gram begins by educating its own community, the seismology researchers. This role is realized by
helping seismologists become more aware of, and able to respond to, opportunities that increase
the:

¢ Pool of excellent undergraduate and graduate students.
¢ Variety of career options for seismologists and other Earth scientists.

¢ Public's awareness that supporting Earth science research yields critically needed information
to reduce the hazards associated with earthquakes, manage our natural resources and protect
our environment and society.



The program will be a catalyst for IRIS members to become more involved in outreach and to
develop their own educational outreach efforts.

This chapter highlights our vision and goals for
the IRIS Education and Outreach program and
identifies avenues that can be pursued to achieve
exciting and socially relevant science into people's lives. these goals. Education and outreach programs

such as this cannot single-handedly resolve

national issues or inadequacies in science educa-
tion, nor can they alone result in systemic reform. They can however, make unique contributions
through a disciplinary focus and through their immediate access to the scientific community.
Perhaps most significantly, the IRIS Education and Outreach Program can bring current, exciting
and socially relevant science into people's lives.

The IRIS Education and Outreach Program can bring current,

The Vision of the Education and Outreach Program

Through seismology and the unique resources of the IRIS Consortium, the IRIS Education and
Outreach Program will make significant and lasting contributions to science education, scientific
literacy and our understanding of the Earth.

While our understanding of earthquake pro-
cesses and the structure of the Earth continues
to improve dramatically, the challenges of
increasing population density and natural disas-
ters, and shrinking natural resources makes seis-
mology critical to maintaining and improving
our quality of life. Earthquakes continue to be
one of the most deadly natural hazards.
Furthermore, although research has identified
likely regions of future seismic activity, earth-
quakes remain essentially unpredictable relative
to other natural hazards. When a major earth-
quake occurs, interest in seismology and related Earth science is stimulated. Similar interest in
Earth science and seismology is spawned during times of energy shortages, by concerns for pro-
tecting the environment, and by major man-made events with a seismic component (e.g. a nucle-
ar weapons test or terrorist incident). These events provide important "teachable moments" to
remind the general public how science and seismology impact their lives.

Seismology also provides opportunities to teach many science, math and technology concepts
and skills to learners of all ages. Teachable moments and more traditional topics in a curriculum
provide opportunities to teach seismology-related topics such as:

¢ Methods of detecting, locating and analyzing explosions and earthquakes.

e Seismic hazard and seismic risk.

Structural engineering design and related hazard mitigation concepts.

Prospecting and production of natural resources such as oil and gas.

The structure of the inner Earth.

Plate tectonics, Earth history, and the dynamic nature of Earth systems.

e Fundamental concepts in physics from basic wave phenomena and energy, to the design of
seismic instrumentation using mechanics, electricity and magnetism.



e Mathematical concepts and skills, including statistical methods, graphing, probability and
uncertainty.

e Geography, mapping, and map analysis.
¢ The role of technology in accessing, processing and using information.
e Critical thinking, problem solving, formulating and testing hypotheses, and making inferences.

Seismology can be used to involve students of all ages in the processes of observation, analy-
sis and inference, and provides an excellent venue for integrating the research experience into
broader education. Through IRIS E&O, educators
and students can obtain high-quality seismic
data, training, instructional materials, and other Thus, students can gain an appreciation of the essence and
information resources. The more advanced and
highly motivated students can easily collect and
analyze their own seismic data through the instead of just reading or hearing about science.
Seismographs in Schools program and other ini-
tiatives. Thus, students can gain an appreciation
of the essence and excitement of science by emulating all of the processes undertaken by practic-
ing researchers, that is, by doing science instead of just reading or hearing about science.

excitement of science... by doing science,

Our mission and the goals outlined below will help make the vision of our program become a
reality with real impact on science and science education in America.

Our Mission to Promote Science Literacy

IRIS Education and Outreach will contribute nationally to science literacy and science education at all
levels (K-12, post-secondary, undergraduate, graduate, continuing education & public) with activities
and programs focusing on those areas in which IRIS is uniquely qualified to serve by virtue of its data
and computer resources, and its widespread and diverse membership. The program will encourage
and support the involvement of all IRIS members so that our community's response is comprehensive
and inclusive. In addition, IRIS will continue to form partnerships with institutions and organizations
that have similar goals and complementary capabilities, to strengthen and coordinate existing and
future Earth science education efforts. IRIS will conduct national, regional and local level programs to
draw upon the strengths of the wide geographic distribution and the diversity of IRIS” member institu-
tions. Activities at the national level provide the opportunity for coordination and wide visibility and
dissemination of resources. Further realization of
these programs at regional and local levels is cru-
cial to achieving a lasting, positive impact on edu- A focus on seismology and its impact on society will provide a
cators, students and the general public. Local
programs - whether independent or multiplying the
effect of national efforts - will foster new links
between the research and education communities
and will enhance the quality of science education at all levels. We will engage in internal and external
evaluations to ensure continuing improvement of programs and products. The program will derive
ongoing support from the IRIS NSF Cooperative Agreement and will obtain external funding for large-
scale activities and major new initiatives.

rich environment for inquiry-based learning in K-16.



Goals
The goals of the IRIS Education and Outreach program are to:

e Continually improve access and usability of IRIS seismological data and research results for all
audiences.

¢ Organize and support efforts to place educational seismographs in K-12 schools and under-
graduate institutions.

¢ Develop and disseminate instructional materials and analysis tools that use seismological
observations and data to improve the students' education and appreciation of Earth science in
grades K-16.

¢ Increase the number of pre-service teachers who have a strong foundation in Earth science
and are well prepared to teach it.

¢ |ncrease the diversity of students that are interested in Earth science and prepared to pursue
careers in Earth science.

e Contribute to providing a pool of well-prepared, outstanding students for graduate studies in
the Earth sciences to further our understanding of the Earth.

¢ Prepare undergraduate and graduate students for a variety of seismology related careers and
roles in society.

¢ Provide professional development for teachers and college faculty to improve the science content,
teaching methods and student learning of seismology, Earth science and related topics in K-16.

¢ Provide leadership and an institutional framework for seismology education at the national
level and collaborate with major research initiatives, museums, educational institutions and
professional organizations having similar goals.

¢ Increase public awareness and understanding of seismology and related Earth science through
both formal and informal education such as museum programs, television, and other educa-
tional media.

¢ Encourage and assist Earth scientists to be more effective communicators of their knowledge
and expertise with teachers and students in the classroom, the general public and news repre-
sentatives.

¢ Recognize Earth scientists for significant achievements in the areas of education, outreach and
public policy.

Achieving these goals will allow all audiences to better understand the role of seismology and
related science in their lives. A focus on seismology and its impact on society will provide a rich
environment for inquiry-based learning for K-12 students, undergraduates and others.
Furthermore, with improved data access tools, students and educators will be able to more fully
participate in seismological research as a part of their education. Schools across the nation will be
able to implement the National Science Education Standards so that ALL students learn Earth sci-

ence concepts throughout their K-12 education. A
new generation of Americans will be educated
We will draw attention to the value of quality education, the effort with a greater understanding of Earth science and
seismology, and will help us attract the best and
brightest to our discipline, to associated fields,
and to educational careers. The public will be pro-

required to provide it, and reward those who contribute to it.



vided with relevant and timely information and that will allow them to make informed decisions
for their own good and the nation's good. As a result, we will increase the level of general scientif-
ic literacy and help ensure strong support for scientific research. We will draw attention to the
value of quality education, the effort required to provide it, and reward those who contribute to it.

To achieve these goals and improve science education for all Americans, we must implement
programs that recognize differing learning styles and that can reach a diverse population.
Furthermore, specific programs should be designed to enhance educational opportunities for
under-served and under-represented groups and to increase Earth science career opportunities for
these groups.

Outcomes

Success of this E&O program requires imple-
menting programs that meet the stated goals and
result in real change. It is difficult to know what Achieving these goals will allow schools across the nation
activities or events trigger change in complex sys-
tems such as a society or in an individual's knowl-
edge, however, we look forward to the following so that ALL students learn Earth science concepts
changes that should result from our efforts:

to implement the National Science Education Standards

throughout their K-12 education.
* More Americans will have an understanding

of the broad applications of seismology and

Earth science in their lives;

e Earth science will be more broadly and effectively taught in K-16 schools;
e Seismology will be a frequent topic in Earth science and physics courses;

¢ More students, representing a more diverse population, will choose careers in Earth science
and seismology;

¢ More people will be capable of participating in monitoring Earth's changes through seismology;
¢ Public support for Earth science and seismology education and research will increase.

To gauge the impact of our efforts, we will implement an evaluation plan (See Chapter 6) to
assess success at achieving our goals.






Chapter 4

Achieving Our Goals

During its first four years, IRIS E&O has developed critical expertise and a better awareness of
how to reach our goals. This learning will continue and the initiatives below will serve as a guide
rather than a formal mandate. This is especially true for presently evolving major collaborative
projects such as EarthScope/USArray and the Digital Library for Earth Systems Education (DLESE)
(see Chapter 5).

To reach our goals, we must focus on developing people who can help us make a difference,
and developing products that support the efforts of those same people. By engaging the full
membership of IRIS in E&O activities, we will capitalize on our numbers, geographic diversity,
and especially the wealth of creativity and knowledge within our community. Below we describe
our major objectives, focusing first on the people and then on the products essential to the E&O
program.

Developing Human Resources: A Focus on People

Providing educational opportunities that help target audiences develop new skills and under-
standing of seismology and related science and mathematics is an essential element of the E&O
program. The specific needs of individual audiences vary but the focus on providing people with
the tools, resources and abilities to educate others about seismology and Earth science is consis-
tent and essential for amplifying direct efforts to reach large numbers of students. We will provide
several types of initiatives focusing specifically on enhancing our human resources base - an
Educational Affiliates program that reaches out to two- and four-year colleges and universities
interested in seismology and Earth science education, professional development workshops for
K-16 instructors (including graduate students), and career development opportunities for under-
graduate and graduate students. A common element behind all of these activities is building
infrastructure for providing a high profile E&O effort where education of the public and K-16 stu-
dents is primary.



College and University Instructors

Educational Affiliate Program:The IRIS Board of Directors amended the by-laws to create the
Educational Affiliate membership category during the 2001 Annual Workshop. This new category of
membership will expand our E&QO audience by creating a restricted membership category for two-
and four-year colleges and universities with Earth science departments interested in initiating or
enhancing seismology and associated education. Educational Affiliate membership provides these

institutions with opportunities to participate in

IRIS educational activities as members and bene-
Regardless of the future careers of undergraduate students ficiaries and to serve on IRIS committees.
Educational affiliates will also be offered a dis-
count towards either an AS-1 teaching seismo-
discovery learning through seismology and to convey the graph or a research-grade seismometer to
incorporate into their educational activities. We
plan to recruit a select group of affiliate members
in 2002 to help us develop the program.

taking Earth science courses, our goal is to involve the students in

excitement of scientific research.

Professional Development Workshops: College faculty educate the next generation of business,
political, science and educational leaders. Their impact is thus broad and long lasting. Regardless
of the future careers of undergraduate students taking Earth science courses, our goal is to
increase opportunities for students in discovery learning through seismology and to convey the
excitement and importance of science. A significant percentage of two-year and four-year institu-
tions do not have a seismologist or geophysicist on their faculty and may desire instructional
materials, content resources, ideas, and expertise to teach seismology-related topics. IRIS E&O
will promote contacts between undergraduate institutions and research universities to improve
the educational and research experiences for all undergraduates. In addition, we can provide edu-
cational resources and professional development opportunities to foster development and imple-
mentation of innovative approaches to teaching seismology related topics. Finally, we expect
these collaborations to result in more opportunities for faculty to involve undergraduate students
in research. (See the Internship Program below). Professional development opportunities at the
undergraduate level can provide college and university faculty and graduate students with the
tools to achieve these results.

Our workshops demonstrate how to understand
and use seismological data, educational software

We have approved: and analysis tools, and seismology and related
* A motion to change the By-Laws of IRIS to allow Earth science content modules to support discov-
Educational Affiliate Memberships. ery-based teaching. The workshops also provide

illustrations of how active learning techniques can

We have developed: . . .
g be implemented in Earth science classes.

¢ Professional development workshops for faculty and

graduate students teaching undergraduate students at We have sponsored and led workshops

two and four-year colleges. focused on integrating seismology concepts in
¢ Professional development workshops for faculty and undergraduate courses at Geological Society of

graduate students to learn how to teach seismology to America national meetings since 1999 and

K-12 teachers. approximately 60 faculty have participated. We

also offered a workshop for 25 IRIS members

demonstrating the variety of educational soft-
ware and tools for analyzing seismic data in 1998. In addition to working with GSA on these work-
shops, we are also developing collaborations with the National Association of Geoscience
Teachers to broaden our impact at future meetings.



Teach-the-teacher workshops are similar to those
designed for improving undergraduate education but
focus more on providing seismologists with materials
and methods for preparing pre-service and in-service K-
12 teachers to teach seismology related concepts in K-12
classrooms. IRIS E&O has conducted two 'Seismologists
Learning to Teach the Teachers' workshops that prepared
40 IRIS members to train K-12 teachers in educational
seismology. Several participants have conducted follow-
up workshops in their local area. However, the logistics
of organizing such a workshop with local districts can be
daunting. Thus, we now encourage seismologists to offer
these workshops in conjunction with the larger state and
regional science teacher meetings. In this case meeting organizers handle recruitment and regis-
tration and the IRIS leader is responsible for carrying out the workshop. In the future, whenever
possible, an experienced workshop presenter from the IRIS community will work with any new
presenter to facilitate these workshops.

The approach of conducting workshops nationally leverages the geographic distribution of IRIS
institutions to benefit a large number of teachers at a reasonable cost. For example, if each partici-
pant in a workshop for 20 seismologists leads two subsequent workshops, this will result in 40
workshops serving 25 teachers each or approximately 1000 teachers. A multi-year program of this
kind can reach thousands of teachers. IRIS pro-
vides the funding to cover materials and expenses

for conducting the teacher workshops. We also We have developed:

encourage the faculty running state and regional e One-Day Earthquake workshops in collaboration with
workshops to maintain contact with their work- IRIS member institutions at national and regional
shop participants and sponsor activities that bring National Science Teachers Association meetings.

the seismologists and teachers together again in
the following years. ldeally these relationships
could generate new local programs, such as
research experiences for selected high school stu-
dents and teachers at IRIS institutions.

We will expand:

e One-Day Earthquake workshops by establishing collabo-
rations with other science educators.

K-12 Educators

Professional Development Workshops: IRIS can make substantial contributions to K-12 educa-
tion, in particular through professional development opportunities for teachers that provide in-
depth training in seismology and Earth science concepts for teachers. We can use the geographic
distribution of IRIS member institutions, data resources and data management facilities to pro-
duce teaching materials and to offer programs that benefit large numbers of K-12 teachers. In all
cases, the efforts of scientists and member institutions to build and maintain relationships with
their local K-12 community are essential.

IRIS E&O has conducted four national work-
shops and two regional workshops for teachers
since 1998, serving approximately 150 teachers
who will each impact as many as 150 students per
year. Expansion of the One-Day Earthquake work-
shops, especially teaming with disadvantaged dis-
tricts, will be an important effort when conducting

We will develop:

e Extended workshops of 2-4 weeks in length to draw
teachers nationwide for an in-depth investigation of
earthquakes and related topics



outreach during USArray deployments. By also working with science educators who prepare teach-
ers and with school districts that provide professional development to classroom teachers, we can
create a very large multiplying effect.

In one-day earthquake workshops, we plan to target school districts implementing NSF sys-
temic initiative grants (Urban Systemic [USI] or Local Systemic Initiatives [LSI]). These districts
generally have a comprehensive program of professional development in science and large num-
bers of minority and disadvantaged students. IRIS E&O will collaborate with districts undergoing
major reforms and that are located near IRIS member institutions to provide our workshops as
part of the systemic reform program. This is an effective mechanism for reaching the most needy
schools, students and teachers with our earthquake instructional materials.

We plan to test this model
of outreach by conducting
our first workshops in a city
such as Los Angeles, St.
Louis or Memphis. These
areas have significant seis-
mic hazard, and local IRIS
institutions that are in a
good position to provide
workshop follow-up. If our
pilot program is successful,
we will pursue supplemental funding to continue the program on a large scale. This program will
likely require increasing the number and topics of discovery-based instructional modules avail-
able, which can be effectively achieved through partnerships with IRIS member institutions.

We plan to develop multi-week workshops to produce a small number of teachers with the
skills and knowledge to use seismological data, seismology and related Earth science content
modules, and other IRIS products that support inquiry-based teaching and student research.
These teachers will become the ideal candidates for helping IRIS member institutions conduct
local workshops associated with deployment of USArray (see Chapter 5).

Undergraduate Students

Career Development: As a result of our workshops for K-16 faculty, more undergraduates will have
exposure to and greater knowledge of seismology. This will lay an important foundation for the IRIS
undergraduate research internships. Research internships provide opportunities to experience scientif-
ic inquiry and explore careers as seismologists. We will seek outstanding undergraduates for this pro-
gram, focusing on students from our Educational Affiliate member institutions.

IRIS plans to significantly expand the existing pilot undergraduate internship program. IRIS pro-
vides funding for interns to present their research at the Seismological Society of America (SSA),
Geological Society of America (GSA), or American Geophysical Union (AGU) scientific meetings.
We have sponsored 15 interns since 1998 on projects ranging from a PASSCAL deployment in
China, to developing instructional materials for K-4 students, to investigating the outer rim of the
Chesapeake Bay meteor impact crater with reflection seismology techniques. Nine students have so
far presented their research at national meetings.

Graduate Students

Career Development: IRIS and its member institutions have considerable experience in graduate
education and in research training. In support of graduate seismology programs, IRIS can improve



graduate education in at least two ways. First,

IRIS will work to expand opportunities for gradu-

ate students to become more effective teachers

by involving them in the development of teaching ® Research internships for undergraduate students and for

materials and offering the opportunity to learn K-12 teachers to work with seismologists from IRIS mem-

. . ber institutions.

new teaching methods in our workshops. Second,

IRIS will work to broaden the training of geosci— e Graduate StudentTravel Grants to provide opportunities
tists t int ted duate student for graduate students to attend the annual IRIS workshop

entists to prepare interested graduate students e ey

for a wider variety of academic and non-academ-

ic careers. These activities represent common We will develop:

'r_‘terEStS S_ha_rEd by many _Eanh science pro'fes- e Teaching and Communication Workshops for graduate

sional societies and we will seek collaborations to students.

maximize our impact in these areas.

We have developed:

We support travel for students to the annual
IRIS workshop, where activities include special receptions focused on graduate student opportu-
nities and career development. Future workshop events will focus on the variety of career oppor-
tunities available to Earth science graduate students. These sorts of career development activities
present significant opportunities for collaborations with professional societies such as AGU, GSA,
SSA and AAAS. IRIS additionally supports focused summer internships in seismic instrumenta-
tion with the PASSCAL program at the IRIS PASSCAL Instrument Center.

All Audiences

Distinguished Lecture Program:The new Distinguished Lecture Program will improve the dissemina-
tion of seismology research results and increase IRIS' visibility with the public and the larger scientific
community. These lectures may also be an important component of outreach associated with
EarthScope/USArray, as eloquent ambassadors of
seismology articulate the broad relevance of impor-
tant areas of Earth science. This initiative supports We have developed:
all of the IRIS programs by showing a diverse audi-

. . e A plan for structuring the Distinguished Lecture Program.
ence the value of seismology to society through

education, research, natural hazard mitigation, and e A committee of IRIS and SSA representatives to establish
. . ! - the inaugural lectureship for the 2002-2003 academic year.

public policy. One or more speakers per year will

be sponsored to give public lectures to broad audi- We will organize:

ences at museums, colleges and universities to o o .
. f sei | . | ¢ A Distinguished Lecture Program, highlighting the contri-

promote unqerStandmg O sellsmo ogy and its rele- butions seismology and Earth science can make to our

vance to society. The Distinguished Lecture pro- everyday lives.

gram will be co-sponsored by the Seismological

Society of America (SSA).

EarthScope/USArray Education and Outreach:The scale and complexity of EarthScope's science
initiative (see chapter 5) requires a large-scale education and outreach effort. It is anticipated that
IRIS will be a major contributor to the EarthScope program. The largest component of EarthScope
is USArray, a continent-scale deployment of large networks of seismographs across the United
States. We thus anticipate that EarthScope/USArray education and outreach may become a signif-
icant focus within IRIS E&O and we have developed an initial plan for EarthScope/USArray E&O
that will serve as a starting point for future community planning. The scope of the USArray pro-
gram provides a further opportunity for IRIS to leverage existing E&O efforts to enhance our
national impact in education and outreach. IRIS E&O efforts that provide relevant science infor-
mation to the public and that make useful information and materials available to educators will



be significant contributions. USArray also pro-
vides an outstanding opportunity for enhancing

We have developed: the Educational Affiliates program.

¢ An initial plan for EarthScope/USArray E&O that will . .
serve as a starting point for future community planning. E&O efforts for USArray will also provide valu-

able support for IRIS overall, and the PASSCAL

and GSN programs specifically, by further educat-
ing the public about the value of seismic monitoring. Interactions between IRIS E&O and the other
IRIS programs have been essential to the development of IRIS E&O. We anticipate that these inter-
actions will become even more important as IRIS E&O waveform analysis software develops.

IRIS E&O Program Integration

Supporting publications, Accessing data/and\

communicating the results
museum programs and
of research and the value
workshops

\ of seismic monitoring.

Integrating research Developing data
and education access tools, software
through USArray and the IRIS website

N/ NI

Developing Knowledge Resources: A Focus on Products

A wide variety of educational products are needed to facilitate improved awareness and under-
standing of seismology and Earth science among diverse audiences. Over the past four years, we
have developed a number of products to fulfill our education and outreach efforts and anticipate
developing additional products in the coming years. Our products range from simple information
sheets to development of a full-featured seismic data display and analysis system designed for
the interested amateur seismologist. Below we describe current products and identify future
directions for product development with a special emphasis on the EarthScope/USArray program.

Providing General Information to the Public

IRIS Website: Our products must provide timeless information such as answers to frequently
asked questions and timely information about recent seismological events. With Internet access
nearly ubiquitous, the E&O web site will provide the primary means of distributing general informa-
tion and resources. The IRIS E&O web page will provide (1) information on the programs, activities,
and opportunities of IRIS E&O; (2) tools for the non-specialist to access and manipulate seismologi-
cal data (earthquake statistics, maps and seismograms); (3) links to E&Q efforts in seismology and
the Earth sciences at IRIS member institutions and other organizations; (4) background and topical
earthquake information (Teachable Moments and Special Event Pages); and (5) instructional materi-



als. The E&O website is continually evolving to incorporate the above elements. The IRIS website
represents collaboration between the DMS and E&O to enhance the profile of IRIS and provide
greater access to IRIS resources.

One-pagers: One-page informational color
overviews of fundamental topics in seismology We have developed:
have been widely distributed through the web
and in printed form at national meetings, teacher
conferences, and through member institutions.
IRIS members play a critical role in suggesting
topics and developing the information sheets.
When completed, they are printed and distribut- * Seismology Museum Exhibits
ed by IRIS. Six one-pagers have been completed
and another five topics have been suggested.
We have also recently translated the completed one-pagers into Spanish for distribution in Latin
America and in Spanish speaking portions of the United States.

¢ |RIS Website, including both static and dynamic information

* “One-pagers’, simple one page explanations of important
seismological concepts

e Educational Posters

Educational Posters: Color posters have been created with science content and ideas on how to
use the poster in the classroom. These have been widely distributed as color prints at national
meetings, teacher conferences and through member institutions. IRIS E&O has created the
“Exploring the Earth Using Seismology” poster illustrating how seismic waves travel through the
Earth and how real seismograms vary with location. We are currently working on a “History of
Seismology” poster reviewing the development of the science and its impact on society, and on
an “Earthquakes, Volcanoes, Impact Craters, and Plate Tectonics” poster, an interpretive map
showing locations of these features and other geologic information. IRIS members play a critical
role in poster development, with printing and primary distribution provided by IRIS.

Seismology Museum Exhibits:We continue to support the development of new museum dis-
plays that build on our successful “Earth in Motion” exhibit. This and other seismology-related
museum exhibits and displays were developed by IRIS in cooperation with the USGS’

Albuquerque Seismological Laboratory,
e Exploring the Earth Using Seismolog individual museums, college
E - and university Earth science
departments, and other inter-
N ested organizations. New
el design ideas and proto-
= -, /' types for museum displays
== are being considered.

IRIS has collaborated with

T | the US Geological Survey
= /l' - ' and the New Mexico Museum
- f'll of Natural History in develop-
—— | - | = - e { ing multiple museum exhibits.
i_':'. e L_‘k\ The exhibits are both active

S p—— e S and interactive: they display the
IRIS seismic monitor map and real-
time seismic traces on drum recorders from global seismograph stations; visitors can jump on
the floor and create their own “earthquake seismograms” on a drum recorder connected to an
integral seismometer. One of our exhibits is on tour with the Franklin Institute’s Power of Nature
traveling exhibit. In addition, we have assisted the New Mexico Museum of Natural History,




American Museum of Natural History in New York, North
Carolina State Museum in Raleigh, and Carnegie Museum of
Natural History in Pittsburgh in developing permanent displays
for their museums. Annual attendance at these museums is
approximately 9 million.

Teachable Moments: Web-based background materials on tec-
tonically active regions of the world will provide the public with
accurate and timely information about recent seismic events.
The information will also be useful to press organizations as
background information on a story or as a point of contact for
further information relevant to major seismic events. These
materials can be the foundation for a “teachable moment” that
occurs when world events like a major earthquake or other seis-
mic event bring seismology to the attention of all Americans.
Materials will include seismograms, geologic, tectonic, and seis-
micity maps, historical information on seismic events, and relat-

ed information. The “Make Your Own Earthquake” exhibit and
When a major seismic event occurs, 275 million Americans f\}“sWA%iL'can Musaum of Natural History in

and hundreds of millions of others around the world want to

understand what has happened and how to reduce their own risk. IRIS can be a world leader in
providing timely information to individuals and
organizations on current events. IRIS members

We plan to develop: can play a critical role in development and con-
¢ Teachable Moments - General information guides on tec- tinued maintenance of this resource. This effort
tonically active regions of the world will also bring the research conducted with

PASSCAL and GSN data to a very wide audience.

Materials and Activities for the Classroom

A fundamental step towards improving the quality of seismology and Earth science education is to
provide K-12 teachers and college and university faculty with high quality instructional materials. In
the past four years, many scientists at IRIS member institutions have developed engaging activities
for different grade levels from K-16. Several other organizations and institutions have developed
inquiry-based materials (e.g., the American Geophysical Union/Federal Emergency Management
Agency'’s “TremorTroops” [K-6] and “Seismic Sleuths” [7-12] and American Geological Institute's
“EarthComm”). However, available materials are not exhaustive in coverage and are particularly lack-
ing in activities that deal with real seismic data. Two obstacles have prevented wide use of seismic
data in K-16 education: (1) lack of appropriate display and analysis tools and (2) difficulty of interpret-
ing and analyzing seismograms. IRIS E&O is currently developing, in association the University of
South Carolina, a user-friendly display and analysis tool, “VSN Explorer’, to address these obstacles.
We will simultaneously be developing materials for classroom instruction suitable for supporting the
national E&O effort planned for EarthScope/USArray. These materials will be available though our
website, DLESE and at teacher workshops.

New middle and high school level materials will introduce students to seismometry and under-
standing the basic features of seismograms. They will include activities and experiments using
locally collected data from an educational seismograph.

New undergraduate modules will employ seismological data and quantitative problem solving
methods using an inquiry-based approach at the advanced high school and undergraduate level.



Two types of courses will be targeted: introduc-
tory college-level Earth science courses and
upper level college courses that include seismo-
logical content. These materials will open access
to IRIS data and help promote integration of edu-
cation and research.

We have developed:

¢ Discovery-based K-12 teaching materials that cover
selected topics in seismology for the K-12 classroom.

e Seismographs in Schools Program

A digital library of teaching materials including We will develop:
images, exercises and software developed and « Additional middle and high school level teaching
employed by IRIS members will be made avail- materials.
able. These archives will also include materials e Teaching modules for undergraduate students

from the Distinguished Lecture Series. These

resources will become part of DLESE to facilitate
broader distribution. e Coordination and collaboration with other Educational
Seismograph Programs

¢ Digital Library teaching resources

The Seismographs in Schools program places a
simple and fully functional educational seismo-
graph in schools, capable of producing useful records of local events and of larger earthquakes
throughout the world. The Seismographs in Schools program complements programs already in exis-
tence (such as the Princeton Earth Physics Project [PEPP], South Carolina Earth Physics Program
[SCEPP], and MichSeis) because it provides a simple stand-alone seismograph that isn't intended for
connection to a seismic network. The seismometer that we use, the AS-1, is inexpensive (about $500)
and effective for educational purposes because of its simplicity and ease of management and opera-
tion. Basic principles of seismometry are also readily visible in the design. Thus, the seismometer is
useful for teaching principles of seismometry and for monitoring.

We are distributing seismographs to selected teachers with a strong interest in integrating seis-
mology concepts in their curriculum. The teachers must have participated in one of the earth-
quake workshops offered by IRIS or a member institution. We are also developing an AS-1
inspired one-pager and a set of lesson plans to go with the seismometers.

Currently, there are a number of existing programs
promoting seismometers in schools. As a leader in
facilitating seismology research and educational out-
reach, IRIS has provided direct support or collaborated
with most of these programs. Coordination and man-
agement of educational seismograph programs
through IRIS will help ensure their greatest impact,
particularly as USArray expands. IRIS E&O is current-
ly working with the US Educational Seismic Network
(USESN), a group of IRIS member institutions and
! associates, in developing a framework for nationwide
coordination of educational seismograph programs

AS1 Seismograph

5 min.

AS1 Recording at the Marshall School in Minnesota from a magnitude 5.8 earthquake off Vancouver Island on September 14, 2001.



(See next chapter). A goal of the coordinated effort is to provide a simplified starting point for
schools that are interested in collecting and analyzing seismic data. Thus the long-term expecta-
tion is for the AS-1 and other seismographs in schools initiatives to become a unified collabora-
tive program.

Data Products and Analysis Tools

Collecting and distributing seismic data products to the research community is the mainstay of
IRIS. As advances in seismology are frequently data driven, these data are often the foundation
for making advances in our understanding of Earth. However, sharing those data and the excite-
ment of discovery that they offer with a general audience requires effective tools and an under-
standing of seismology. People want to know
how a seismometer works and how it can detect
We have developed: earthquakes on the other side of the planet. They
e Seismic Monitor, a web-based tool that provides a quick want to know what each wiggle on a seismo-
global view of recent earthquake locations. gram means. They want to know when and
where the next "big one" will occur and under-
stand volcanic eruptions. While not all of these
questions are easily answered, providing non-
specialists tools to begin investigating these

e AmaSeis, an interactive seismogram analysis program

e WILBER, a web-based tool that provides quick download
and viewing of seismograms for selected events.

We are developing: questions to illuminate the basic scientific
e Virtual Seismic Network (VSN) Explorer to provide a user- res?amh process Is a _Valuable Cont”bUt_lon to
friendly, versatile interface to real-time and archived data. society. To address this need, IRIS E&O in collab-

oration with the DMS and GSN have developed
a range of products.

Seismic Monitor is one of the most accessed pages on the IRIS website. It provides a quick view
of recent earthquake locations and provides access to global seismic stations. We are currently
upgrading Seismic Monitor to be more stable under new browser features and to align with the
data structures developing at the Data Management Center. We will be improving some features
and adding others, such as the ability to zoom and to personalize the display parameters.

AmaSeis is designed for the analysis of seismograms including the calculation of earthquake
magnitude and distance. Event locations can be determined with the help of phase picking and
travel time tools when using multiple seismograms from an event. The software can record data
from the AS-1 seismometer and display seismograms from other educational seismic networks as
well as IRIS DMS data from WILBER (see below). Data zoom and filtering options are also avail-
able. Dr. Alan Jones, from the State University of New York at Binghamton, has developed the
AmaSeis software under a contract with IRIS. Several IRIS members have provided valuable sug-
gestions and feedback during the development. Future improvements include incorporating the
ability to read and write additional data formats, simultaneous viewing of multiple seismograms,
and overlaying seismograms onto theoretical travel time curves.

WILBER allows users to view and print maps and images of seismograms. They can also down-
load and analyze data using AmaSeis or Wiggles software. We will also compile a catalog of clas-
sic earthquake seismograms that can be accessed through WILBER. WILBER has been redesigned
to align with the new data structures developing at the Data Management Center and to provide a
more user-friendly interface.



VSN Explorer, a new program currently being developed, will include:

¢ A versatile, web-based
interface that provides real- | &
time displays of seismic -
data from all over the i e
world. Users will be able to W

recorded ground motion at various stations

earthquake
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extract, view, filter and i
print a seismogram. - I —
¢ Real-time playback of "clas- ooz o

sic events" including a par-
ticle motion animation for
three component records.

¢ Record sections and map
displays that show seismo-
grams with true amplitudes
and demonstrate variations
in amplitude that occur
with distance and time.
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Users will have substantial interactivity to explore and investigate earthquakes, seismology,
plate tectonics and related Earth science concepts. This project is being developed in cooperation
with the IRIS Data Management Center and the University of South Carolina.

Strategies for Supporting the E&O Goals

As with all programs, IRIS must set clear priorities for E&O and establish management and
funding strategies that allow us to achieve our goals. We have four types of funding models for
our program initiatives:

e Funding from the IRIS-NSF Cooperative Agreement: As a program of IRIS, NSF provides core
funding for establishing and maintaining basic E&O functions. These funds have allowed hiring
of staff and carrying out the majority of activities reported above.

e Sub-awards to member institutions: Some E&O program objectives can be more effectively
and creatively carried out by IRIS institutions or individuals with appropriate expertise and
innovative ideas than by E&O staff or committee members.

e Seed Projects and Partnerships:To jump start new initiatives and stimulate community involve-
ment, IRIS will partner with member institutions in pilot projects or small-scale initiatives.

e Supplemental funding for large scale new initiatives: The NSF Cooperative Agreement allows
IRIS to seek additional funding from NSF and other funding sources for large-scale projects that are
not possible under core funding. To complete these projects, IRIS will develop partnerships with
other organizations and member institutions. In addition, IRIS will collaborate with member institu-
tions to obtain external funding to implement successful pilot projects funded through the Seed
Projects and Partnerships program on a larger scale.

With these funding strategies, we believe we can maximize our effectiveness, stimulate new and
innovative programs, and optimize the involvement of the diverse IRIS community in E&O efforts.






Supporting National Earth Science Initiatives

Seismology education is fundamentally interdisciplinary and broad. Therefore, natural partner-
ships for education and outreach exist with many scientific disciplines (geology, physics, mathemat-
ics, and computer science, in particular) and with fields that apply seismological knowledge to
society (for example, earthquake engineering, emergency management and urban planning, ;
petroleum exploration, environmental monitoring, ...
nuclear test monitoring). While IRIS can make : ‘
advances in science education through seismolo-
gy, a concerted effort to link seismology across ‘
the scientific disciplines will achieve an even - and seek opportunities to collaborate on education and outreach
greater impact. We recognize the need to coordi-
nate with other organizations and seek opportuni-
ties to collaborate on education and outreach : ‘
activities where mutual interests exist.

We recognize the need to coordinate with other organizations

activities where mutual interests exist.

We view E&O activities that can build on a number of national Earth science research and educa-
tion initiatives as particularly critical. These initiatives could have profound impact on the profile of
Earth science education in this country, and could offer major opportunities for growth of the IRIS
E&O effort. We focus here on four examples: (1) EarthScope, a proposed major geoscience research
initiative through the National Science Foundation and NASA; (2) the Digital Library for Earth
Science Education (DLESE), an NSF-supported geoscience education information system, (3) the
U.S. Educational Seismology Network (USESN), an initiative promoting seismographs and seismic
data for science education in America's schools; and (4) the Advanced National Seismic System
(ANSS), a USGS initiative to develop a nationwide network of at least 7000 seismic measurement
systems. In the following section, we discuss each of these initiatives in detail, and then discuss
opportunities for collaborations with others.

EarthScope

EarthScope is a project of unprecedented scale in the solid Earth sciences proposed for NSF's
Major Research Equipment (MRE) program. EarthScope is a distributed, multi-purpose set of



instruments and observatories that will significantly expand the observational capabilities of the
Earth Sciences and permit us to greatly increase our understanding of the structure, evolution,
and dynamics of the North American continent. EarthScope is being developed jointly by the sci-
entific community and the National Science Foundation, and in partnership with other science
and mission-oriented agencies including the USGS and NASA. It includes four components:

e USArray: a continental-scale seismic array sited in the United States to provide a coherent 3-D
image of the lithosphere and deeper Earth.

SAFOD: (San Andreas Fault Observatory at Depth), a borehole observatory across the San
% Andreas Fault to directly measure the physical conditions under which earthquakes occur.

PBO: (Plate Boundary Observatory), a fixed array of strain meters and GPS receivers in west-
ern North America to measure real-time deformation on a plate boundary scale.

e INSAR: synthetic aperture radar images of tectonically active regions providing spatially contin-
W/ uous strain measurements over wide geographic areas.

Collectively, EarthScope facilities will produce synoptic images of the solid Earth providing a
framework for broad integrated studies across the Earth Sciences including research on earth-
quakes and seismic hazards, magmatic systems and volcanic hazards, mantle dynamics, regional

tectonics, continental structure and evolution,

and fluids in the crust.

IRIS has been heavily involved in the develop-
specific to USArray that make the EarthScope science ment of EarthScope and may be the lead organi-
zation for operating USArray. Thus IRIS E&O has
a clear role in shaping community involvement
in educational applications of USArray data and
science. In addition, two other components of EarthScope, SAFOD and PBO, also carry a strong
seismology component and may provide additional opportunities for E&QO activities.

IRIS can contribute to the E&O component of EarthScope and USArray through a coordinated
program that:

¢ Plays a key role in organizational workshops for the Earth science community in planning and
development of education and outreach efforts (the first of these was held in January, 2002).

IRIS can provide leadership for developing educational materials

more accessible to teachers and students.

¢ Develops awareness, interest, and support for EarthScope activities among the communities
and schools surrounding USArray and PBO sites during the planning and deployment stages.

e Develops partnerships with schools in the communities surrounding EarthScope sites to facili-
tate school involvement in educational activities using real-time data display and analysis
software.

¢ Develops educational materials specific to USArray that make the EarthScope science more
accessible to teachers and students and teach about seismology, and the geology, tectonics
and seismic hazards of the region.
¢ Disseminates scientific results from EarthScope at a level appropriate for K-12 schools, com-
munity and four year colleges, and the general pubilic.
We envision that many of these activities will involve collaboration with the USESN initiative,
IRIS member institutions, the US Geological Survey, and other interested organizations and pro-
grams.
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Digital Libraries for Earth Science Education (DLESE)

DLESE is conceived as an information system dedicated to the collection, enhancement, and
distribution of materials that facilitate learning about Earth systems at all educational levels.
DLESE supports Earth system education by: (1) developing collections of high-quality materials
for Earth science instruction at all levels providing access to Earth data sets and imagery, and
developing the tools and interfaces needed to enable their effective use in education, (2) devel-
oping discovery and distribution systems to efficiently find and use materials encompassed by
the DLESE network, (3) providing support services to help users find, use, and create learning
materials, and (4) developing communications networks to facilitate interactions and collabora-
tions across all interests of Earth systems education.

DLESE is a distributed resource built by the community. Collections, services, and tools are
being developed and maintained by numerous partners rather than being housed at a single cen-
tralized facility. To coordinate the DLESE effort
and integrate library collections, services, and
policies, a governance structure and central pro-
gram office, the DLESE Program Center (DPC),
have been established. The DPC, located at the sets and allow non-specialists to perform simple seismic data
University Corporation for Atmospheric
Research, is engaged in both the community and
technical aspects of library construction and
management.

IRIS' role (in DLESE) is to increase access to seismological data

analysis for educational purposes.

IRIS E&QO is taking a leading role in providing seismic data access to DLESE through its initial
involvement in the Geosciences Digital Library (GDL) program and now through its involvement
in the National Science, Mathematics, Engineering and Technology Digital Library Project (NSDL).
IRIS' role is to increase access to seismological data sets and allow non-specialists to perform
simple seismic data analysis for educational purposes. This effort is being addressed with



improvements to WILBER and development of the VSN Explorer. IRIS is also charged with devel-
oping instructional materials that use seismic data. We will address this goal by building partner-
ships with member institutions to develop classroom activities tied to WILBER, the VSN Explorer

and the Teachable Moments materials.

U.S. Educational Seismology Network

The USESN is a newly developing national initiative that brings together under a single aegis a
number of disparate programs that support deployment and use of seismographs in schools.The
mission of the USESN is to promote the use of seismographs and seismic data for science educa-
tion and to provide an organizational framework for coordination of educational seismology
around the country. The primary goals of the USESN initiative are to:

* Promote installation and effective use of school-based seismographs and seismic data;

* Provide advice and technical assistance in the form of instructional guides and information
sharing for purchase, deployment and operation of school seismographs.

¢ Disseminate, in coordination with other organizations, high-quality classroom materials that
promote educational seismology; and

* Provide an organizational framework for coordination and advocacy of educational seismology
around the country.

Because of the confluence in the goals
and ongoing activities of IRIS E&O and
the planned USESN activities, IRIS E&O
plans to provide initial support to the
USESN as an IRIS E&O activity. We expect
that the USESN wiill build on the IRIS
Seismographs in Schools and Educational
Affiliates programs, providing an avenue
for a national educational seismograph
initiative to grow substantially. Similarly,

Educational Seismology Networks
« PEPP o PSN the VSN Explorer will provide display and
|| o Michseis LAPTAGS analysis tools that allow non-seismologist
M+ ohioseis o SCEPP data users to access the wealth of IRIS

160°W 150°W 140°W 130°'W 120°W i:O"W 10W 90°W 80°W 70°W researCh quality data and data arChived
from educational seismographs.

Advanced National Seismic System

The Advanced National Seismic System is a USGS initiative to develop a nationwide network of
seismic measurement systems that will make it possible to provide: (1) emergency response person-
nel with real-time earthquake information, (2) engineers with information about building and site
response, and (3) scientists with high-quality data to understand earthquake processes, seismic
strong motion, and solid Earth structure and dynamics. Development of this network is led by the US
Geological Survey, with close linkages to other organizations such as IRIS, the Seismological Society
of America, the Consortium of Organizations for Strong Motion Observation Systems (COSMQS), the
Earthquake Engineering Research Institute (EERI), state geologic surveys, and emergency manage-
ment agencies. ANSS and EarthScope will provide complementary opportunities for outreach to local
communities, and IRIS E&O will work with the ANSS products committee as plans develop for an
education and outreach program.



Collaborations with Other Earth Science Education Efforts

Many other scientific organizations are developing and promoting diverse educational materials
and programs that involve earthquakes and seismology. By coordinating and collaborating with
these organizations, we will maximize our impact and make greater advances towards our goals.
These organizations include:

¢ National Earth science organizations such as the American Geophysical Union (AGU), the
American Geological Institute (AGl), the Seismological Society of America (SSA), and the
Geological Society of America (GSA);

¢ Federal agencies with strong mandates for public education, such as the United States
Geological Survey (USGS), the Federal Emergency Management Agency (FEMA), and the
National Oceanic and Atmospheric Administration (NOAA); and

¢ Regional earthquake research centers such as the Southern California Earthquake Center
(SCEC), the Mid-America Earthquake Center (MAEC), the Northern California Earthquake Data
Center, (NCEDC), the Multi-disciplinary Center for Earthquake Engineering Research (MCEER),
the Pacific Earthquake Engineering Research Center (PEER),

IRIS has had a long-standing collaboration with the US Geological Survey on seismic station
operations (with GSN and PASSCAL) as well as data distribution through the DMC. IRIS has
extended that relationship by including USGS scientists on the E&O and other committees, and by
collaborating with the USGS on the museum exhibits program.The USGS has developed effective
outreach materials focusing on national seismic
hazards that we incorporate extensively in our
outreach. We plan to build on their contributions We will strive to establish effective collaborations
with our Teachable Moments materials. Similar with the wide spectrum of organizations involved in
collaborations can occur with others. For exam-
ple, organizations such as SCEC have taken lead-
ership roles in education, internship, and
knowledge transfer in local regions. AGU, AGI,
GSA and FEMA have developed curriculum materials on earthquakes and a broad range of Earth
science topics. Organizations from related scientific disciplines have also mounted effective educa-
tion and outreach programs that include relevant scientific content. These include the American
Association for the Advancement of Science (AAAS), the American Chemical Society (ACS), the
American Physical Society (APS), the National Aeronautics and Space Administration (NASA), the
University Consortium for Atmospheric Research (UCAR), and the National Academy of Sciences
(NAS). IRIS E&O can provide people and products to complement the efforts of other organiza-
tions.

Earth science E&O activities.

Summary

The IRIS program has made a strong commitment to bring high-quality educational materials
related to seismology into schools and communities through its E&O activities. These educational
opportunities are heightened by the presence of a number of major research initiatives that have
the potential to significantly advance the visibility of state-of-the-art scientific research in our
country. The possibilities are magnified by the presence of both new educational reform initia-
tives and new educational resources that can make these scientific data and scientific results
available and relevant to the broader educational community. It is an exciting time for science
education and outreach. At the same time, we recognize that these efforts will be most effective if
they are thoroughly coordinated with activities of other scientific and educational organizations.






Evaluating Our Progress

Program evaluation is critical for effective decision-making, strategic planning, and the optimal
use of the available resources. In this Program Plan, we have outlined a series of goals for IRIS's
Education and Outreach efforts and a range of activities to meet those goals. With a well-
designed evaluation plan, we can document and measure how well the program's services and
products address the stated goals. Using this information, we can review the appropriateness of
our goals and objectives and be ready to refine the program. Program evaluation relies on rou-
tine assessment, or gathering of information, about the program activities. At the most basic level
of assessment, we will document the range of activities, the goals that they address, and the
demographics of participants in the E&QO program.Table 1 shows the E&O goals, the activities
planned or underway and the diverse audiences they address.

Each year the Program Manager, in collaboration with the E&O Committee, will conduct an
evaluation of overall program activities. This evaluation will focus on measuring the outcomes
and overall impact of the entire program and provide key information for guiding future direc-
tions. Important questions to address in these evaluations include:

e How well do the individual activities support the mission and goals of the IRIS Consortium and
the E&O program?

Is the E&O Program providing IRIS with opportunities for continued growth and development?

Does the balance of activities adequately address the needs of the communities and audiences
that IRIS most wants to serve?

Is the quality of services and products adequate to address the program goals?

Does IRIS E&O have the necessary skills, personnel, and other resources to adequately con-
duct the ongoing activities and proposed activities?

Evaluation of the overall program requires knowledge of the needs of the audiences served and
the impact and quality of individual activities. The goals and current activities of the E&O program
are based on perceived and stated needs of different audiences. With continued work in seismol-
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ogy outreach, these needs may change and the impact of our activities may change. Evaluation
studies will identify the needs of targeted audiences, how those needs are changing and how well
individual activities are effectively meeting them. This information can then be used to develop,
manage and improve individual products and services.

The evaluations must examine the nature of the programs themselves, as well as all intended
and unplanned outcomes over time. The range of assessment tools will include surveys, inter-
views and focus groups, as well as usability studies for software and web interfaces, and content
peer review and field-testing of the instructional materials. With a program this large and diverse,
it is important that the evaluation process place minimum demand on project participants, and
recognize the time and cost-effectiveness of different types of assessment. Table 2 outlines modes
of assessment that can be used to measure the success of individual activities as part of an over-
all program evaluation.

Due to the diversity and scale of this program, it is recommended that IRIS hire a professional
evaluator who understands the needs of the project's sponsors and IRIS' ability to fulfill them. A
professional evaluator can impartially assist with development of assessment tools, evaluation of
the data and compilation of reports that document program activities and outcomes. In addition,
an External Review Committee (2-3 people) should conduct a thorough review of the E&O pro-
gram every three years.

Sample Responses From a NSTA Workshop Evaluation Summary
Participant Evaluation of Workshop (23 Participants)
5 = Strongly Agree (SA); 4 = Agree (A); 3 = Undecided (U); 2 = Disagree (D); 1 = Strongly Disagree (SD).

5SA 4A 3-U 2D 1-SD

1. Theinstructors displayed a clear understanding of workshop topics. 23 0 0 0 0
2. The workshop was well-organized. 22 1 0 0 0
3. | can apply information/skills learned in this workshop. 21 2 0 0 0
4. Asaresult of thisworkshop, | will definitely implement some

additional seismology and/or Earth science topics in my teaching. 22 1 0 0 0
5. Overal, the workshop instructors were among the best teachers

| have known. 19 4 0 0 0

6. Overal, this workshop was one of the best that | have ever attended. 21 2 0 0 0

7. What were the most significant parts of the workshop to you?

e The materials are relevant & useful. The hands on activities are fun and educational.

e Exchanging ideas with other participants in addition to the activities | learned at the workshop.

e | have very limited materials available in my class. Now | have alow cost earthquake activity that |
will use this during the spring term this year.

e Using the software to find data about earthquakes.

e Enjoyed explanation & presentation of mantle lithosphere, P, S & surface waves as well as way of
demonstrating these to students.

e The tongue-depressor building test. Been looking for a good way to start an earthquake building pro-
ject for several years.

8. Etc....



Table 1: Goals and corresponding E&QO activities that contribute to achieving goals

Goal

Pathway

Audience

Improve access and usability of IRIS
seismic data and research results.

WILBER, VSN Explorer, Teachable Moments
resources, EarthScope/USArray, Distinguished
Lecture Program, museum exhibits, posters, One-
pagers, Seismic Monitor

All Americans

Organize and support programs to
place educational seismographs in K-
16 schools.

Seismometers in Schools program, USESN, VSN
Explorer, WILBER, AmaSeis, Teachable Moments
resources, instructional materials,
EarthScope/USArray

K-12 schools and
undergraduate
institutions

Develop and disseminate instructional
materials and analysis tools that use
seismological observations and data.

Seed Partnerships and Projects program, new
inquiry-based lessons and activities, Teachable
Moments resources, posters, One-pagers,

Kindergarten
through gradu-
ate school stu-

Seismometers in Schools program, dents and
EarthScope/USArray teachers
Increase the number of pre-service Seismologists teaching the teachers, workshops Undergraduate

teachers who have a strong founda-
tion in Earth science.

for undergraduate faculty, One-Day Earthquake
workshops, Educational Affiliates

and graduate stu-
dents and faculty

Increase the number and diversity of
students that are interested in Earth
science and capable of pursuing
careers in Earth science.

One-Day Earthquake workshops, Undergraduate
Research Internship Program, workshops for under-
graduate faculty, EarthScope/USArray, instructional
materials and seismological data analysis tools

Kindergarten
through under-
graduate students
and teachers

Prepare outstanding students to pur-
sue graduate studies in Earth sci-
ences and to fill a variety of careers
and roles in society.

Undergraduate Research Internship Program,
workshops for undergraduate faculty, Graduate
Travel Grants.

Undergraduate
and graduate
students

Provide professional development for
teachers and college faculty to improve
instruction in K-16 classrooms.

One-Day Earthquake workshops, workshops for
undergraduate faculty, Educational Affiliates

K-12 teachers
and undergradu-
ate faculty

Provide national leadership and an
institutional framework for seismolo-
gy education.

EarthScope/USArray, USESN, DLESE, museum
exhibits, Distinguished Lecture Program

All Americans

Recognize Earth scientists for their
achievements in education and pub-
lic policy that lead to an increase in
scientific literacy.

Distinguished Lecture Program

Professional
Earth scientists

Increase public awareness and
understanding of seismology and
related Earth science.

One-pagers, posters, maps, web based informa-
tion, museum exhibits, Distinguished Lecture
Program

All Americans

Encourage and assist Earth scientists
to be more effective communicators
of scientific concepts.

Communications workshops for Earth scientists;
Teachable Moments resources; WILBER, the VSN
Explorer and associated instructional materials.

Graduate students
and professional
Earth scientists




Table 2: Evaluation strategies for IRIS E&QO programs (A Focus on People)

Activity Audience Measures of Success
Educational Affiliates Undergraduate Number of affiliate applications; level of involve-
institutions ment in IRIS activities; participant surveys.

Professional development for
undergraduate teaching

Undergraduate faculty

Participant surveys; follow-up interviews with
participants; classroom testing and evaluation
of materials and software.

Professional development for
Earth scientists working with
K-12 teachers

Graduate students
and professional
Earth scientists

Participant surveys; follow-up interviews with
participants; classroom testing and evaluation
of materials; documentation of workshops pro-
vided to K-12 teachers by participants.

Professional development for
K-12 teachers

K-12 teachers

Participant surveys; follow-up interviews with
participants; classroom testing and evaluation
of materials.

Undergraduate Research
Internships

Undergraduate
students

Participant surveys and follow-up interviews for
student and sponsor; tracking career paths of
undergraduate participants.

Graduate StudentTeaching and
Communication Workshops

Graduate students

Participant surveys and follow-up interviews;
survey of career choices.

Graduate StudentTravel Grants

Graduate students

Number and demographics of applicants and
recipients; survey of career choices.

Efforts to increase diversity
throughout our program

K-20 students

Number and demographics of participants in all
of our activities.

Distinguished Lecture Program

Students and faculty
at colleges and
universities, public

Speaker and participant surveys; IRIS member
surveys of program impact, feedback from
sponsoring venues.

EarthScope/USArray

All Americans

The diversity of programs involved will require
a broad based assessment.




Table 3: Evaluation strategies for IRIS E&O products (A Focus on Products)

Activity

Audience

Measures of Success

Posters and One-page
Information Sheets

Public and K-16

Peer review; product demand; user surveys.

Museum Exhibits

Public and K-16

Visitor surveys; attendance at museums; peer review.

Seismometers in Schools K-16 Schools Demographics of participants, follow-up interviews of

Program participants; evidence that the instrument has improved
teaching of Earth science or seismology in schools.

Instructional Materials K-16 Peer review; field-testing; product demand; user

(Teachable Moments resources
and other curriculum modules)

surveys.

Seismic Data Analysis Tools for
the K-16 classroom (AmaSeis,
WILBER and VSN Explorer)

Public and K-16

Peer review; field-testing; product demand; user
surveys.

Web access to seismic data and
related information

Public and K-16

Peer review; product demand; user surveys.

Potential impact of conducting four professional development workshops per year
assuming 25 teachers per workshop who each reach 80 students per year.
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Recommendations

This report ends with a series of recommendations for major new and continuing efforts by the IRIS
Education & Outreach Program. These recommendations are guided by the stated goals of IRIS E&O
and consistent with the ongoing and future activities presented in this program plan. These recom-
mendations should be implemented in close coordination with the other IRIS programs and, where
possible, in collaboration with other organizations involved in Earth science E&O.The core activities
can be funded within IRIS" Cooperative Agreement with NSFE As the program grows to implement
new initiatives such as an expanded professional development program, and IRIS’ contribution to
EarthScope/USArray, supplemental grants will be required to fund additional staff and resources.

We view these recommendations as a 5-year
strategic plan, although many of the recommenda-
tions may still be appropriate for many years
beyond. However, implementation must retain the based on changing conditions and technology, new opportunities
flexibility for shifting emphasis based on changing
conditions and technology, new opportunities that
arise, and response to program evaluation.

IRIS, through its E&O staff, E&O Committee and general membership should vigorously pursue
the following major efforts:

Implementation must retain the flexibility for shifting emphasis

that arise, and response to program evaluation.

* Rapid development, testing and dissemination of the concepts embedded in the Virtual Seismic
Network (VSN) Explorer software and related instructional materials:This software and associat-
ed instructional materials are the key to leveraging the valuable digital seismic datasets that are
at the heart of IRIS. While these data are, today, generally available to researchers, the availability
and use by a wider audience depends on the development of better data access, analysis and
display tools. The VSN Explorer is a key element of plans for undergraduate and K-12 education,
educational seismographs programs, EarthScope/USArray E&QO, IRIS contributions to the Digital
Libraries for Earth Science Education (DLESE) project, and all other efforts that involve the use of
digital seismic data by non-seismologists. Combining the VSN Explorer with inquiry-based
instructional materials opens the door to fully integrating education and research.



e Expansion of the Seismographs in Schools program through support for the U.S. Educational
Seismology Network (USESN): One of the major challenges of the E&O program is to increase
public awareness of the relevance of seismology and Earth science and to contribute to
enhancing science education at all levels. The VSN Explorer will contribute significantly to
these goals. In addition, the Seismographs in Schools Program provides motivation for learn-
ing seismology and related Earth science and opportunities for the integration of education
and research. Targeting of under-resourced schools and traditionally underrepresented minority
groups, through contacts and collaborations made at earthquake workshops in Urban
Systemic Initiative cities, should be a significant goal of the Seismographs in Schools Program.
The Seismographs in Schools Program is aimed primarily at K-12 schools; however, education-
al seismographs are also a part of the new Educational Affiliates program that is designed to
increase IRIS’ connections to undergraduate institutions. The efforts of the USESN will assist
schools in choosing the most appropriate resources for their individual needs.

e Dissemination of E&QO products through DLESE:The IRIS E&O program has been involved
from the beginning in the DLESE program. Our data sets and software will be an important
part of this digital library. IRIS should continue to be an active participant and contributor to
this program and utilize DLESE to provide effective and broad dissemination of materials.

e Teachable Moments (significant event) initiative: This project has the potential to periodically
engage, in a highly effective and meaningful way, a large number of people at various educa-
tional levels. We expect the project to be initiated as a collaboration with IRIS member institu-
tions to take advantage of member expertise and with time to provide useful background
about many seismic zones around the world. These materials can be used for effective educa-
tion and outreach to the public and students after significant events.

® Preparation for, and initiation of, EarthScope/USArray education and outreach: the opportuni-
ties for E&O in conjunction with the EarthScope/USArray program are enormous, but so are
the challenges of designing and delivering a coordinated and successful effort. Planning and
developing that effort must be a priority so that when USArray is deployed, the E&O program
is ready to capitalize on this unique opportunity
to broaden our audience and visibility. The nation-
The national scale of EarthScope/USArray creates the potential al scale of EarthScope/USArray creates the poten-
tial for impacting all Americans and for involving
a larger portion of the IRIS, and other Earth sci-
the IRIS, and other Earth science, communities in outreach. ence, communities in outreach. IRIS should con-
tinue working to engage more scientists in E&O
activities to meet the needs of the extensive
EarthScope/USArray E&O opportunity. The next step in this process will be to build on the first
national workshop devoted to EarthScope E&O planning and organization.

for impacting all Americans and for involving a larger portion of

e F&O program assessment and evaluation: The E&O program should undertake substantial and
ongoing assessment to measure the outcomes and progress of the elements of the program.
Overall evaluation by the E&O committee and by an external evaluator should also be utilized
to help provide direction and refinement of the program and document its effectiveness.



The following ongoing IRIS E&O efforts should be continued:

* Professional development workshops: Workshops are an important mechanism for encouraging
use of IRIS data, software and other E&O efforts, and for obtaining feedback and ideas from par-
ticipants. The E&QO program has developed a series of workshops for non-seismology faculty
involved in undergraduate teaching and for K-12 teachers. Perhaps the most important work-
shops are those that teach IRIS seismologists how to conduct workshops for K-12 teachers in
their own communities, thereby leveraging the expertise and geographic distribution of the IRIS
membership. The new extended workshops for teachers should have significant benefit and help
capitalize on the opportunities presented by Earthscope/USArray. We recommend that the cur-
rent workshop effort expand to accommodate the USArray extended workshops and to pilot the
workshops in school districts with Urban Systemic Initiatives. Expansion of these programs
would occur by generating supplemental funding.

e Improvements to the IRIS E&O web site: This web site is the continuously visible face of IRIS
E&O efforts. Through this site, we engage and inform our target audiences. The web site will
become the focus for data delivery to non-seismologists with the development of VSN
Explorer. Current plans call for improvements to Seismic Monitor and the WILBER interface
and the delivery of pre-filtered, printable seismograms from “classic events” for teaching. An
ongoing effort to improve the usefulness and usability of this web site is essential to achieving
the overall E&O goals of IRIS.

e Museum displays: Museum displays are a
highly effective and visible part of the current
E&O program.The museum display program maps, Earthquake Updates, instructional materials, and
has been very successful and should contin-
ue to foster relationships between IRIS and
major museums and should target the devel- components of the IRIS ESO program.
opment of at least one new museum display
each year.

Seismology education and outreach products, including posters,

software and web-based tools, have been important

® Products: Seismology education and outreach products, including posters, maps, earthquake
updates, instructional materials, and software and web-based tools, have been important
components of the IRIS E&O program. We recommend that development of these materials
be continued at near the current level. However, development of instructional materials for
use with the VSN Explorer, the Seismographs in Schools program and USArray. will require
additional resources and effort.

e Undergraduate internship program:The undergraduate internship program is an important
component of the IRIS Educational Affiliates program. It also serves a need for undergraduate
opportunities in IRIS member institutions. The number of internships offered should be main-
tained at the current level. Improvements in the administration of the internship program
should be made to ensure that it maximizes available opportunities and maintains a highly
talented applicant pool each year. The internship program should also specifically target a
diverse student population.
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