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Foreword Let’s not mince words. The future of our planet depends on our ability to understand 
Earth as a dynamic interconnected system and to manage its resources responsibly. 
Humanity’s ability to administer planetary resources of water and energy, deal with 
natural events such as hurricanes, tsunamis, droughts and floods, and cope with 
climate change all require a broad public understanding of how our planet works.

From energy and agriculture to manufacturing and construction, Earth and space 
science is at the core of billion-dollar industries that drive our economy. The procure-
ment of energy—fossil fuels, solar, hydrogen and wind—are fundamentally rooted in 
Earth science. Better understanding of global wind patterns or geothermal dynamics 
can help us develop alternative energy sources. Better knowledge of sub-surface geol-
ogy can help us tap into resources while minimizing long-term impacts. Weather and 
climate information is crucial to climate-sensitive industries that account for about 
one-third of the United States’ GDP. Earth and space science is vital to our national 
security and emergency preparedness. Hurricane Katrina and its devastating impact 
exemplify the need to understand Earth’s processes, better plan for the long-term, 
and forecast events and implement response systems.

Beyond these compelling reasons of planetary stewardship and resource manage-
ment, we have the sheer appreciation of our planet’s dynamics and beauty, from 
sinuous rivers to the vast Sahara, lush Amazon, massive Himalayas, rainbow-col-
ored Grand Canyon, globe-spanning ocean and stark polar ice caps. The more we 
know about Earth, the more we enjoy our home planet and value it as a marvelous, 
dynamic, interconnected system. There can be little doubt that students need to un-
derstand and appreciate the Earth on which they live. They can achieve this under-
standing only if their teachers are well prepared.

Earth Science by Design makes a crucial contribution to improving the knowledge 
of our science teachers and their students, our future citizens and decision-makers. 
Teachers who participate in Earth Science by Design increase their understanding of 
“Earth as a system,” and learn how to implement the latest approaches to inquiry-
based pedagogy using web-based visualizations of Earth processes. Teachers learn 
by doing, by designing and teaching units of study that focus on the “big ideas” in 
Earth system science, then sharing, discussing and refining them with their col-
leagues. Earth Science by Design embodies the best that we know about Earth science, 
pedagogy and teacher professional development for long-lasting educational change. 
It makes an essential contribution to meeting the “grand challenge” of understand-
ing our home planet. And just in the nick of time . . . we hope.

Dan Barstow, Director
Center for Earth and Space Science Education at TERC
Cambridge, MA
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	 Earth Science by Design (ESBD) is a year-long professional development program that 
prepares teachers to apply the principles of Understanding by Design (Wiggins and 
McTighe, 2005) to the teaching of Earth system science. With the guidance of expe-
rienced staff developers, teachers use the “backwards design” approach to organize 
their lessons and develop instructional units that build student understanding in 
ways that lead to deep and long lasting comprehension of science concepts. ESBD 
helps teachers bring current and relevant scientific data to their classrooms through 
the incorporation of visualizations and satellite imagery. ESBD is based on education-
al research on how students learn. Teachers learn to give careful attention to student 
preconceptions and misconceptions while expanding their repertoire of assessment 
strategies. ESBD helps teachers focus their instructional units by teaching to the “big 
ideas” in Earth science instead of teaching disconnected, decontextualized facts. 
This handbook and accompanying Earth Science by Design web site (www.esbd.org) 
provide the resources necessary for staff development specialists to offer the ESBD 
program to teachers in their school district or community.	

When we set out four years ago to design a program of professional development 
for Earth science teachers that would help them teach for deeper understanding, 
teach to the big ideas in Earth science, teach with an “Earth as a system” approach, 
and use visualizations more effectively in teaching and learning it was our feeling, 
shared by many in the science and education community, that the “revolution” in 
the practice of Earth science was not yet reflected in the teaching of Earth science. 
In June of 2001, a national group of approximately 60 scientists and educators had 
met in Aspen, Colorado, for the Conference on the Revolution in Earth and Space 
Science Education. The report of this conference, Blueprint for Change: Report from the 
National Conference on the Revolution in Earth and Space Science Education (2002), called 
for professional development that helps teachers deepen their knowledge of Earth 
and space science, understand Earth as a system of interconnected processes, utilize 
the most effective pedagogy to teach and motivate students, use contemporary tools 
and resources such as scientific visualizations and web-based resources, and align 
their teaching with state and national standards. Earth Science by Design was created 
to help carry out these recommendations. (See http://www.earthscienceedrevolution.
org/ for the full conference report.)

Earth Science by Design is an empirically-tested, evidence-based program of professional 
development for staff developers to implement with middle and high school science 
teachers. It is the culmination of four years of development, testing, and revision by 
TERC and the American Geological Institute (AGI), funded by the National Science 
Foundation. During 2004-2006 staff developers in eight sites around the country 
tested the program with more than one hundred teachers. We have used their experi-
ence and advice to revise and fine tune the program. This Earth Science by Design 
Handbook for Staff Developers, the ESBD DVD, and the web site (www.esbd.org) are 
the result of the project and are the tools that allow staff developers to implement 
the program. Although ESBD has been designed for experienced staff developers to 
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implement using these tools with no further training required, ESBD also offers lead-
ership training for staff developers to help them implement the program. Consult 
www.esbd.org for details on training options.

This introduction provides an overview and rationale for the program, an argu-
ment that teachers should be (and are) curriculum designers, a sample of how ESBD 
teachers have changed and what they say about the program, a description of the 
structure of ESBD, suggestions about how to evaluate whether ESBD is for you, and 
detailed information for staff developers who choose to implement the program.

 	 A Year-Long Program. Consistent with national trends and research on best prac-
tices in professional development, ESBD is designed as a year-long program for a 
cohort of 15-25 middle or high school teachers led by a team of staff developers who 
work closely with the teachers throughout the school year. The program begins with 
a two-week Summer Institute, continues with school-year mentoring and a two-day 
Fall Conference, and concludes with a two-day Spring Conference. Every participat-
ing teacher designs an Earth science unit to teach, teaches the unit while keeping a 
reflective journal, visits the classroom of a partner teacher, and prepares a written 
implementation report to share with colleagues at the Spring Conference. The full 
benefit of the program comes from engaging teachers with ESBD in a substantial 
way. Teachers need to be given the opportunity to learn the ESBD pedagogical ap-
proach and apply it to their own teaching situation. It is unlikely that short in-ser-
vice presentations will accomplish the goals of the ESBD program. This Handbook 
and the ESBD web site (www.esbd.org) provide detailed guidance for offering the 
program.

Based on Understanding by Design. ESBD is based on the “Understanding by De-
sign” approach developed by Grant Wiggins and Jay McTighe. The Summer Institute 
introduces teachers to the UBD approach to curriculum design in a practical way. 
Teachers have guided practice in the creation of curriculum units of about two weeks 
in length. They first develop a sample unit working in teams and then design an 
individual unit that they teach during the following school year.

A Focus on Big Ideas. ESBD encourages teachers to teach for deep and enduring 
understanding of the big ideas in Earth system science. Each unit they develop is or-
ganized around one or more of these big ideas, which are based on the National Sci-
ence Education Standards (NRC) and the Benchmarks for Scientific Literacy (AAAS). 
See the “big ideas” on http://www.esbd.org.

An Emphasis on Assessment. ESBD encourages teachers to “think like an assessor.” 
Teachers receive instruction and practice in the development of a suite of assess-
ments, including the design of authentic assessments in Earth science, the construc-
tion of rubrics, and the design of preconception surveys. During the Institute they 
review and reflect on the study of misconceptions presented in A Private Universe.

ESBD Program
Components
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An Earth Systems Approach. ESBD emphasizes the use of an Earth systems science 
approach. (See the recommendations of the NSES and Blueprint for Change, the report 
of the Conference on the Revolution in Earth and Space Science. The program uses 
Dr. Art’s Guide to Planet Earth by Art Sussman and materials from the GLOBE program 
as an introduction to Earth system science. (See http://www.planetguide.net/.)

Web-Based Visualizations. ESBD introduces teachers to the use of web-based sci-
entific visualizations to teach key concepts in Earth and space science. The Institute 
guides teachers in learning how to evaluate visualizations and how to use them 
effectively in teaching. The ESBD web site has collected exemplary web resources in 
the Teaching Resources section. 

Web-Assisted Design. Teachers use a structured online Unit Planner to design their 
unit according to the UBD approach. This web-based tool allows fellow participants 
and program staff to view the units using any web browser, thus facilitating review, 
feedback, and improvement. You can inspect the Unit Planner on the ESBD web site.

Peer Feedback and Support in a Learning Community. Working with a staff 
mentor and sharing ideas with a partner teacher, teachers refine their unit and then 
implement them with their students. As they teach this unit in their classroom, they 
study and reflect on the implementation process, recording their observations in 
a reflective journal. At the Spring Conference they report on their experience and 
share their reflections on implementation with their peers.

Web-Enhanced Professional Development. ESBD is a “web-enhanced” professional 
development program. The web site (www.esbd.org) contains a list of “big ideas” in 
Earth science, links to resources that support the teaching and learning of these big 
ideas, example teaching units developed by ESBD teachers, an online Unit Planner, 
resources such as PowerPoint slides to help staff developers deliver the ESBD program 
to teachers, and a list of providers offering the ESBD program. Staff developers who 
register as ESBD providers are able to advertise their offering of ESBD on the web site, 
use ESBD’s online application and registration process for teacher recruitment, and 
use the online reflective journal to monitor participant feedback during the program.

	 Today’s students will need to make informed decisions about the future of the Earth. 
As adults they will confront issues of environmental change and protection, energy 
supply, sustainable lifestyles, and protection from natural hazards. In order to under-
stand these issues and make wise decisions in these areas, citizens need deep under-
standing of how Earth functions as an integrated system. In an age of globalization, 
everyone needs to understand how Planet Earth works on a physical, chemical, and 
biological basis. And, as Buckminster Fuller wrote, it really is “Spaceship Earth.” 
Students will not leave school with the understanding they need unless teachers are 
better prepared to teach about our unique planet and its interconnected systems. The 
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“Earth as a system” approach not only provides the kind of integrated understand-
ing that students need to acquire, it is increasingly the model of understanding that 
scientists employ in studying the Earth. Geologists, oceanographers, meteorologists, 
and others increasingly place their particular research in the context of an entire 
Earth system. If students are to have an accurate understanding of these disciplines, 
they need to be taught by teachers who understand planet Earth as a whole.

 	 We often hear that teachers should not design curriculum, that excellent curricu-
lum already exists and that teachers need only teach it. In our experience, however, 
teachers are already curriculum designers. They are constantly “creating curriculum.” 
They are deciding what parts of textbooks to use, what chapters to leave out, add-
ing new activities, writing quizzes and tests, and designing new lessons. Teachers are 
searching the web for activities, borrowing from each other, and bringing back activi-
ties from conferences. It seem to us that teachers are de facto designers. The point is, 
however, to make them better, more informed and thoughtful designers. Teachers 
who have participated in ESBD tell us that, of course, they have designed lessons and 
units of study, but now, often for the first time, they are learning how to really con-
struct a coherent set of lessons, aiming at the big ideas. As one teacher told us, “Why 
didn’t I learn this in graduate school?” The fact is, of course, that in a way perhaps 
he had. But curriculum design had been crammed in amongst ten other topics in an 
education course and there had been no time to spend actually creating a unit, with 
feedback from mentors and peers, then to try it out, reflect on how it worked, and 
revise it in the light of experience.

In ESBD we aim to share with teachers the best of what curriculum designers know, 
to open the “black box” of good design, not so that they can redesign all their 
curriculum (though some do try to do this) but so that they see the “logic” of cur-
riculum. Seeing the logic means understanding backwards design, understanding 
the critical role of assessment, understanding the need to uncover students’ prior 
knowledge, and understanding the need to show students where the unit is heading 
and then lay out a sequence of activities that will help them to construct their own 
understanding.

	 Teachers from novices to veterans and from those well-trained in Earth science to 
those with little training have found ESBD to be a valuable part of their professional 
growth. Here is a sample of what teachers have written about their experience:

“Because of this program I now know how to pull out the most important com-
ponents first and use the Understanding by Design method to look at the bigger 
picture.”

“It really gave me an understanding of how to plan a unit.”

Teachers as 
Designers

What Teachers Say 
About ESBD
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“The biggest change for me is better alignment of what I am teaching to the big 
ideas. The big ideas are not floating around morphing in my head anymore. They 
are finally defined and I am insuring that what I teach will actually help students 
understand the big ideas. The connections are clearer to me.”

“It was very influential. I feel like I have learned a new way to think. We were given 
a useful framework to plan and think within that will produce clear, focused units. 
This really allows me to write the type of curriculum and assessment I really like. 
Now my students will be able to successfully complete the creative performance 
assessments I write.”

“It is a lot of work to make a unit in this way but at the end the unit is more 
focused and better thought through. I feel it has been a huge help to me because 
it has altered my way of thinking. In the end teaching may really be less stressful 
when a full year is taught this way.”

“It has helped me to determine what I want my students to know, and then how 
to get them there.”

“It changed my way of teaching and designing curriculum. No longer will I just 
look for activities that engage students. Now I have a purpose for each activity I 
teach, it relates to something else. My students can see the big picture and make 
connections in their learning.”

“I am more organized about teaching in general-feel as if I have a framework into 
which I can fit all my teaching- I will probably not do all this planning for each unit 
in each subject but will always from now on use the enduring understandings and 
essential questions to start a unit. I would tell them this is great program. I plan to 
give a workshop at my school on UBD so everyone can have a sense of this.”

“Earth Science by Design has given me a renewed enthusiasm for teaching and 
learning.”

“I will probably never teach the same way again.”

For more detail on teacher experiences in ESBD, consult the SRI evaluation report on 
the ESBD web site (www.esbd.org).
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	 ESBD is designed in accordance with the best practices of teacher professional de-
velopment. It is sustained, intellectual, reflective, and grounded in practice. ESBD 
provides 120 hours of professional development spread over nearly a year.

	 Summer Institute	 80 hours

	 Fall Conference		 16 hours

	 Peer observation	  8 hours

	 Spring Conference	 16 hours

Teachers spend additional hours revising and teaching their unit, writing observa-
tions and reflections in their journals, and preparing their implementation report.

The two-week Summer Institute is a big commitment. But teachers have said that 
this two weeks to focus on UBD, on Earth science content, on visualizations, and on 
designing a unit they will teach is a “precious gift.” Seldom, they say, do they get the 
concentrated time to work together with colleagues and mentors to focus on their 
curriculum in this kind of depth.

The Fall Conference reconvenes participants with the staff developers to review and 
deepen their understanding of UBD and “how people learn” and to fine tune their 
units before teaching them. 

The peer observation involves release time to visit the classroom of another teacher 
in ESBD. Many teachers have told us that observing a fellow participant teaching is a 
unique opportunity for professional growth which they have never experienced and 
which they find very valuable. 

The Spring Conference replicates a professional conference in which peers present 
the results of their work for mutual review. Each participant prepares a report and ei-
ther a poster or a PowerPoint presentation sharing their implementation experience. 
In conferences we have observed, teachers have often shared artifacts of student 
work and results of student assessments. It is a culminating experience in which 
participants reflect on the results of their unit design and teaching and make plans 
to carry their work forward. In several cases, teachers have continued to meet as an 
ongoing professional learning community.

Is ESBD for You? 	 ESBD has proven to be effective in promoting teacher learning and change. It is an 
“out of the box ready to go program,” but given the large commitment of time, staff, 
and money that it requires, a district or organization needs to be sure that ESBD fits 
their needs before deciding to offer it to their teachers. For it to be deployed success-
fully requires high-level support in the school district or other institution where it is 
being used. A team of staff developers must be assembled, teachers recruited, meeting 
space provided, and a budget to support the work be provided. Above all, there must 
be a commitment to sustained professional development for science teachers.

The Structure of 
the ESBD Program
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In order to reach a decision whether to deploy ESBD, administrators, staff developers, 
science supervisors, and teachers will need to become convinced that ESBD promises 
sufficient results to justify the investment of time and money. To help reach a deci-
sion, read this Introduction, review the Handbook and consult our web site (www.
esbd.org) where you will find PDF files of the evaluation reports on ESBD conducted 
by SRI International along with testimonials from teachers who have participated 
in ESBD. It may be especially useful to view the ESBD DVD to see and hear teachers 
describe their experience with the program. This will provide a good sense of the 
potential and the challenges of the program. Perhaps the most useful thing to do is 
to peruse on the web site example units that teachers in the program have produced. 
Contact us at TERC or AGI if you want further information about the program or 
when you have decided to adopt ESBD. We will help you become a registered pro-
vider and gain full access to the program tools on the ESBD web site. Call TERC: 617-
547-0430 or AGI: 703-379-2480).

If you are a college professor who prepares Earth science teachers, consider whether 
parts of the ESBD program may be useful in your work. Although ESBD has been 
designed as a year-long in-service experience for a cohort of teachers led by a team of 
staff developers, much of the material may be suitable for use with pre-service teach-
ers as well. Please let us know if you find new pre-service uses for our materials. If 
you want your students to use the online Unit Planner, contact us to register yourself 
as a provider. Contact us if you would like to explore possible collaborations.

Once you have decided to implement ESBD the first thing you need to do is to con-
tact the ESBD project and arrange to become a registered provider so that you and your 
teachers can use all the tools on the web site. Then you should assemble your team 
and begin preparing yourselves to deliver the program. Here are the major mile-
stones in the program.

Special Note to  
College Faculty

Implementation 
Guide for Staff 
Developers
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			        The Earth Science by Design Program Year

         Season	            ESBD Event	      Teachers’ Work	       Leaders’ Work

Fall & Winter 	 Research the ESBD		  Review ESBD Handbook  
		 program for possible		  & web site to determine  
		 implementation		  the nature of the program 	
				   and the level of effort 		
				   required to implement		
				   ESBD. Contact the ESBD 	
					   project via the web site 		
				   for more information if 		
				   needed. 

Spring	 Register as an ESBD	 Fill out online application	 Contact TERC to join  
		 site; prepare to 	 at ESBD web site	 ESBD program & 
		 implement ESBD	  	 register as a PD provider; 	
				   advertise the ESBD  
				   program to recruit  
				   teachers; review teacher 		
				   applications online; 		
				   accept teachers to the 		
				   program; notify teachers  
				   of program schedule;  
				   recruit program staff;  
				   prepare for the Summer  
				   Institute

Summer	 Summer Institute	 Learn ESBD; develop	 Conduct the Summer 
		 (10 days; 80 hours)	 ESBD unit to teach	 Institute

Late Summer	 Online & telephone	 Continue to develop &	 Begin online & telephone  
		 mentoring	 refine unit; help partner	 mentoring; review  
			  refine unit 	 teacher units; help 
				   teachers improve their 		
				   units

Early Fall	 Fall Conference	 Attend Fall Conference; 	 Conduct the Fall 
		 (2 days; 16 hours)	 deepen ESBD ideas; refine	 Conference	  
			  ESBD unit

Fall into Winter	 Implementation of 	 Teach the unit; keep	 Continue mentoring;  
		 the Unit	 journal; peer visit; prepare	 visit classrooms  
			  implementation report

Spring	 Spring Conference	 Present implementation	 Conduct the Spring 
		 (2 days; 16 hours)	 report	 Conference
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Advance Planning	 Planning for the institute and the entire ESBD program should begin early in the 
calendar year if not before. The dates of the summer institute and the two follow-
up teacher conferences should be determined and meeting space reserved. Staff 
should be selected, the program advertised, and teachers recruited. Budgets should be 
planned and other arrangements made to cover the costs of the program. Books and 
materials should be ordered.

As a staff developer, your task will be to lead a group of teachers through a year of 
ESBD professional development. To do this, you will need an implementation team 
of 2 or 3 professionals. The team leader should be experienced in conducting profes-
sional development programs and should have good managerial and interpersonal 
skills. The team leader will be the primary contact with the ESBD project at TERC.

At least one member of your team should be very well trained in Earth system sci-
ence. This person could be a professional scientist or an experienced Earth science 
teacher, but should be able to engage productively with science teachers around the 
science issues. The team leader should function as an approachable “resource per-
son” on the fundamental science questions.

One staff member should have extensive experience in teaching science and be able 
to engage teachers in issues of pedagogy, subject-matter content, standards, assess-
ment, and classroom management. It is a plus if the person has district-level experi-
ence in curriculum development or professional development.

In addition, it will be very useful to have 2 or 3 experienced teachers who do not 
take direct responsibility for conducting the program but who serve as resources to 
the participants and can help with the organization of the physical materials and 
resources at the summer institute and the two conferences.

To get a sense of the skills and experience you will need on your team, look over the 
agendas and activities for the ten days of the summer institute. Think about the skills 
and experience needed to lead these activities.

ESBD is based on Understanding by Design. It will, therefore, be very helpful if you 
and your team are as familiar as possible with the UBD approach. Get and read Un-
derstanding by Design. Read as much of it as you can, and talk with colleagues about 
the ideas. Perhaps form your team into a study group that reads the book together. 
Talk to others who have experience with UBD. Read carefully through the first week 
of activities in the ESBD Handbook for the summer institute. View the PowerPoint 
slides that accompany the activities. ESBD presents UBD in a practical and compact 
way that may be easier to comprehend initially than the original source.

At least one member of your team should be highly qualified in Earth science. In or-
der for the entire team to have the same vocabulary and understanding of the Earth 
as a system approach, we suggest that you study and discuss the book Dr. Art’s Guide 
to Planet Earth, which is used as one of the books for the participants. 

Gather An  
Implementation Team

Steep Yourselves in 
Understanding by  
Design

Familiarize Yourself
with the “Earth as a
System” Approach 
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This video not only contains interviews with ESBD teachers reflecting on their expe-
rience, it contains excerpts from one of our early spring conferences, in which staff 
and teachers show what an ESBD conference is like. Viewing this DVD with your 
team may be very valuable to orient you to ESBD and what teachers may experience. 

Nothing will give you a more concrete notion of the goals you are aiming for than 
looking at units that ESBD teachers have created. On the web site we have posted a 
number of quite good, but still fairly typical units that teachers in the program have 
created. You can read them online or print them out to read. Reviewing some sample 
units with your team is an excellent way to develop a common understanding of 
“where” you are headed.

The program is designed for a cohort of 15-25 teachers. It is up to you to recruit 
them, but ESBD can help you advertise your program on our web site and will let 
you use our online application to register your teachers in our database, which then 
forms a useful resource for you and the participants in your program. When you 
are ready to “adopt” the ESBD program, go to the web site (www.esbd.org) to find 
out how to obtain a login and password and how to enter the information for your 
program’s “advertisement.”

The ESBD web site (www.esbd.org) is a powerful tool supporting the implementa-
tion of the ESBD program. General information about ESBD, the list of Big Ideas, the 
Teaching Resources and example ESBD units developed by teachers are available to 
the public. However, each registered ESBD provider and participant has a Login and 
Password that allows access to additional tools and resources on the web site. Staff 
developers should contact ESBD through the web site to become a registered  
provider.

You will need an Internet-connected computer and projection system during the 
summer institute and the two conferences. Each teacher should have access to an 
Internet-connected computer with a web browser for the entire summer institute.  
A computer lab adjacent to the room where you meet for whole-group discussions  
is ideal. You will not need to install any software, but access to web browsing is  
essential.

On the ESBD web site you will find sets of PowerPoint slides to accompany many of 
the ESBD activities. You can download these and store them on your own presenta-
tion computer. They make leading the activities much easier!

The web site contains PDF files of this entire Handbook which you can download 
and print for your team members and PDF files of all the workshop Handouts which 
you can download and print for the participants.

Teachers will use the ESBD web site and web searches to locate materials for the UBD 
units they will develop. They will develop these units using the ESBD online unit 
planner accessed through the web site. You or a designated person on your team will 

View the Reports from 
the Field DVD 

Review Example ESBD 
Units on the Web Site 

Plan Computer Use

Recruit Teachers
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give each teacher a log in and password so they can access the site. You will contact 
the ESBD project to gain access yourself.

When teachers apply to your ESBD program using the online application, the data 
they provide about themselves is stored in a database which you can access to review 
the application. Again, you need to have your own login and password to do this. 
The applicant information also is used to create an online directory of all the par-
ticipants in your program, which makes it easy for you all to stay in touch with each 
other.

These are the materials you will need to implement ESBD with your teachers. Some 
are provided free, some you can download, and some you will need to buy. Plan 
ahead and order what you need in time for the summer institute.

•	 This Handbook. You can download the entire book as PDF files from www.esbd.org 
and print extra copies.

•	 PowerPoint slides to accompany the workshops (download from www.esbd.org).

•	 A set of workshop handouts for each participant (download for printing from 
www.esbd.org).

•	 One copy of Understanding by Design, Expanded Second Edition by Grant Wiggins 
and Jay McTighe for each participant (order from ASCD at www.ascd.org. ASCD 
members receive a discount and even fairly small orders receive a quantity dis-
count).

•	 One copy of Dr. Art’s Guide to Planet Earth for each participant (order from http://
www.planetguide.net/). 

•	 One copy of the GLOBE Earth system poster (order Item 300.1-10P from http://edu-
cation.nasa.gov/edprograms/core/home/index.html). You can also obtain a color 
jpg file of the entire poster at http://www.globe.gov/fsl/educornimages/poster_let-
ter_color.jpg. PDF files of the poster can be downloaded from www.esbd.org.

•	 One copy of the Earth Science by Design DVD: Reports from the Field (included with 
this Handbook—order extras from www.esbd.org).

•	 Access to the ESBD web site—www.esbd.org.

•	 One copy of A Private Universe DVD (order by sending an email to private.uni-
verse@cfa.harvard.edu–available for free at the time of printing of this Handbook).

•	 Normal workshop supplies: pens, paper, markers, poster paper, etc.

Materials You Will Need 
to Implement the
Program 
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In the guides for the Summer Institute, Fall Conference, and Spring Conference that 
follow, we have included the description, goals, materials, and procedure for each 
activity for each day. In many cases we have included notes to the activity, in which 
we share with you the experience we gained from developing and testing the  
materials.

Remember, you can download a PDF file of the participant Handouts from the web 
site, which will make it easy for you to reproduce them for inclusion in an ESBD 
notebook for the teachers you work with.

Contact us to get started and with any questions and then, as you implement the 
program, let us know about your experiences. We sincerely hope you enjoy imple-
menting Earth Science by Design with your teachers! 

Of course, we know that you will not implement ESBD exactly as we have planned it. 
We know you will look it over and then adapt it to your own needs and circumstanc-
es. However, we want to caution you not to adapt it so completely that you lose its 
power. Eight sets of staff developers like yourselves have field-tested it as it is written. 
They have been successful. The evaluator concluded that they were able to imple-
ment it much as the TERC/AGI team had done and that the results with teachers 
were largely the same. If you adapt it too much you may eliminate some of the very 
things that contribute to its success. In particular, we caution you:

•	 Do not shorten the summer institute; teachers need the full two weeks to digest 
UBD and to work together with you on their units

•	 Do not forgo the Fall Conference; teachers need to reconnect, deepen their under-
standing, and fine tune their units before teaching their units

•	 Do not neglect the mentoring; teachers need feedback and help from you and 
your staff in order to craft their units

•	 Do not eliminate the implementation reports; teachers need to pull together their 
reflections and experience in a formal report

•	 Do not forgo the Spring Conference; teachers need to share their implementation 
experiences to achieve closure on their work; the conference activities help teach-
ers process and reflect on their experience so that it becomes useful knowledge for 
them

Using the Guides

Adapting ESBD to  
Your Own Needs  
and Circumstances
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Patterns of  
Teacher Change
	 As you prepare to implement ESBD it may be helpful to read about the patterns of 

change we observed in the teachers in the pilot and field tests and to read about the 
typical challenges they faced.

Six essential questions guide the work of ESBD.

•	 How do we teach for understanding in Earth system science? 

•	 How do we design appropriate assessments to evaluate understanding in Earth 
system science?

•	 How do we move students from their strongly held misconceptions towards more 
enduring understandings in Earth system science?

•	 How do we use scientific visualizations to build understanding in Earth system  
science?

•	 How do we use reflection to understand and improve teaching?

•	 What are the characteristics of an Earth Science by Design teacher?

As teachers move through the program, they are guided to reflect on their evolving 
understanding of these essential questions. Like all essential questions, they require 
complex, multifaceted responses, and cannot be answered in simple ways. The 
teachers who participated in the pilot- and field-testing of ESBD reported significant 
changes in their teaching. Below are examples of the patterns of change we have 
observed.

Teachers changed the way they plan Earth science lessons.

Three themes emerged as participants shared how ESBD affected their planning 
process. They described 1) focused, rather than haphazard selection of unit activities; 
2) a unit aimed at deep understanding; and 3) more frequent use of visualizations. 
One participant described the ESBD planning process in this manner, “I have always 
looked for activities that are fun and engaging but I have never really looked at ex-
actly where it is leading me/us. By developing a unit ‘backward’, I know where I want 
to go. I can then look at each activity closely and see if it is leading me there. I now 
look at all my units to see where I want to go first, then I look at the activities to see 
if they are going to get me there.” 	

Teachers changed their thinking, planning, and behavior regarding assessment.

Teachers indicated that participation in ESBD significantly changed their assessment 
practice. Participants indicated that they 1) paid more attention to student miscon-
ceptions, 2) created more thoughtful assessments aligned to enduring understand-
ings, 3) used a variety of assessments more frequently during a unit to check their 
students’ understanding, 4) were much more focused on student learning as opposed 
to the process of teaching, 5) were more likely to ask students to share their thinking 
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via daily written reflections, and 6) thought about assessment at the beginning of 
units, rather than only at the end. One teacher wrote, “This unit is entirely different 
from units I have designed in the past because it had a focus from the beginning. By 
starting with the final assessment I had a road map to guide me through the process 
and an end in sight. Prior to the ESBD experience I would just pick out a bunch of 
learning activities and try and figure out a way to string them together to make a 
unit; I never even thought about the final assessment until the end.” Another said, 
“My assessments were more thoughtful and linked to enduring understandings. I 
found myself really trying to understand where kids were at in their thinking and 
“re-teaching” on a much more regular basis.” 

Teachers changed their teaching strategies based on evidence of student understanding.

Using pre- and post-conception assessments helped teachers to identify, attempt to 
understand, and then create situations where students could confront their miscon-
ceptions. Some teachers even carried this a step further. For example, during a unit 
on plate tectonics, one teacher analyzed her preconception quizzes and discovered 
four different models that students held about the mechanism for plate tectonics. 
Instead of simply dismissing the incorrect models and presenting the correct model, 
she brought the student models to the forefront and had them analyze and discuss 
the adequacy of the models. 

Teachers changed the way they conceptualize an Earth science unit.

Teachers revised their thinking about what constitutes a unit of instruction. One 
participant reflected, “A major change in my approach to teaching and learning has 
been that I now view a unit as one cohesive collection of ideas. A unit is not built 
out of facts and information that just relate to each other, but information and 
knowledge that must be learned and then understood collectively to have a deep 
understanding of the big ideas or themes that make up the unit”.

Teachers changed the way they conceptualize Earth science as a discipline.

Teachers repeatedly described how the Earth as a system approach that was intro-
duced through Dr. Art’s Guide to Planet Earth, revisited through computer visualiza-
tions, and emphasized throughout the summer institute permeated their thinking 
and teaching about Earth science. One participant shared, “My picture of Earth is 
much more whole, interrelated, and extensive than it was. I feel I have a new sense 
of the strength and fragility and the significance, the miraculousness of this planet. I 
also have a greater sense of the connectedness of everything on Earth. I feel I con-
veyed these feelings much more to my students than I have in the past.”

Teachers increased their content knowledge in Earth science.

Although the ESBD program provides very minimal subject matter training, par-
ticipants reported that the program helped them increase their content knowledge 
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in Earth science. The process of creating an Earth Science by Design unit led them 
to think more deeply about the content they were planning to teach. Participants 
described three main factors that impacted their Earth science content knowledge: 
1) using online resources and visualizations; 2) sharing ideas about their units with 
colleagues; and 3) the curriculum design process itself.

	 In the pilot and field testing we learned much about the challenges that teachers face 
as they implemented their ESBD units. View the ESBD DVD: Reports from the Field to 
see teachers express these challenges in their own words. As the teachers in the video 
explain, all teachers invest significant time outside the scheduled program work-
shops to work on their units. 76% of field-test teachers indicated that “finding time 
to prepare the unit” was a challenge. Year one teachers reported spending an average 
of 18 hours developing their units; year two teachers reported spending 37 hours. Fif-
ty-eight field test teachers who responded to this question on a survey indicated an 
average of 36 hours, but with a tremendous range. Sixteen teachers spent 10 hours or 
less; 18 teachers spent 11-30 hours; 17 spent 40-80 hours; and 6 teachers spent over 
100 hours working on their units. Most teachers indicated this was much more time 
than they typically devoted to designing a unit, if they actually designed a unit at all. 
Teachers said that the major challenges to designing an ESBD unit were the amount 
of time required and needing to deepen their own content knowledge in order to 
prepare the unit.

Teachers reported that their ESBD unit took longer to teach than a similar one had 
taken them in previous years. As a result, they tended to feel guilty about the length 
of time they took. They expressed worries about standardized testing. They were 
frustrated when they hit technology barriers such as not being able to get computer 
lab time, encountering Internet sites with inconsistent performance, and hitting 
firewalls on school computers that made access to certain visualizations impossible. 
Teachers found the process of designing performance assessments and rubrics to 
be both difficult and time consuming. Many teachers had designed performance 
assessments in the past but seldom took so much care to align them with enduring 
understandings and learning activities.

Teachers also became keenly aware of school-level factors that made incorporating 
an ESBD approach difficult. They talked about how the culture of the school affected 
them and about the constraints imposed by an overloaded curriculum. One par-
ticipant shared this insight, “I think that doing this unit has pushed me to see that 
the setting I am in does not allow me to collaborate and teach to the depth that I 
would like.” Another reflected, “The key question raised for me is how can I teach for 
understanding and teach the vast array of topics my students are expected to be flu-
ent in for the state eighth grade science test? There is so much I need to teach that I 
find fighting the notion of coverage to be a daily battle. As a result of my wonderfully 

Challenges of 
Implementation
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engaging ESBD unit where students were begging for more days to develop their geo-
resorts, I am going to have to race through the rock cycle. It is a shame not to give 
every area of content the depth that my ESBD unit has had.” 

The ESBD program is demanding. Most teachers indicated that implementing their 
ESBD unit took significantly more time than ways they had covered the same mate-
rial in the past. However, 80% said that the educational effectiveness of the ESBD 
unit offset the greater amount of time that the unit took and 93% indicated that 
they will use their unit the next time they teach the same content. Teachers also 
expressed a strong desire to revise all of their units into an ESBD format. Recognizing 
the time constraints they face, some teachers have begun to adapt and teach each 
other’s units. Teachers reported that they benefited tremendously from the interac-
tions and discussions about teaching and learning that they had with their mentors 
and peers throughout the program. 

For more detail on teacher and staff developer experiences in ESBD, consult the 
evaluation report on the ESBD web site (www.esbd.org).
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Earth Science by Design 
In the Understanding by Design Framework

Stage 1: Identify Desired Results

Revolutionize the teaching and learning of Earth science.

Move Earth science teaching:

•	 from a pedagogical focus on facts and coverage toward a focus on big ideas, “un-
coverage,” and deep understanding;

•	 from instructional units made up of short-term activities toward units organized 
according to UBD principles;

•	 from assessment that uses paper and pencil quizzes and end-of-unit tests toward a 
suite of assessments that monitor and motivate student understanding;

•	 from curriculum that is “a mile wide and an inch deep” toward fewer topics 
taught more deeply and in the framework of “Earth system science”;

•	 from using visual aids drawn largely from a textbook toward creative use of web-
based scientific visualizations.

ESBD is a year-long professional development experience which helps participants 
apply “teaching for understanding” (as described in Understanding by Design) to the 
teaching of Earth system science. During the summer institute, teachers develop an 
Earth science unit following the UBD approach, in which they incorporate scientific 
visualizations and other technologies used in contemporary Earth science research. 
They critically examine these and other resources to determine how they can be used 
to teach the “Big Ideas” in Earth system science. Participants learn to design assess-
ments that evaluate understanding. Teachers reflect upon their teaching as they 
implement their unit. They observe and offer feedback to a peer during the imple-
mentation of an Earth Science by Design unit.

•	 Understanding is complex, multifaceted, and often elusive.

•	 Well-designed assessments provide evidence of understanding and guide teaching.

•	 Learners have strongly held misconceptions in Earth system science that often go 
unnoticed.

•	 Carefully selected visualizations presented in the context of well-planned 
sequences of learning activities can build understanding in Earth system science.

•	 Reflecting on teaching practice informs teaching and can improve it.

Program Description

Overarching Enduring 
Understandings
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•	 The effective creation and implementation of an Earth Science by Design unit takes 
time and may be challenging, but ultimately helps ensure that the conditions 
necessary for building deep and enduring understanding will occur within the 
learning environment.

•	 How do we teach for understanding in Earth system science? 

•	 How do we design appropriate assessments to evaluate understanding in Earth 
system science?

•	 How do we move students from their strongly held misconceptions towards more 
enduring understandings in Earth system science?

•	 How do we use scientific visualizations to build understanding in Earth system 
science?

•	 How do we use reflection to understand and improve teaching?

•	 What are the characteristics of an Earth Science by Design teacher?

•	 Demonstrate a clear and practical idea of “understanding” and its place in 
education.

•	 Understand the role of the six facets of understanding in teaching and learning.

•	 Analyze, organize, and prioritize instructional goals in terms of the UBD 
framework.

•	 Recognize and develop essential questions for a unit of study in Earth science.

•	 Understand the conceptual framework of Earth system science.

•	 Understand the crucial role of assessment in the Earth Science by Design 
approach.

•	 Select, adapt, or design appropriate assessments, including authentic performance 
assessments, to evaluate students’ understanding.

•	 Be alert to the importance of misconceptions and prior knowledge.

•	 Use effective strategies to reveal and address student misconceptions. 

•	 Design learning experiences using the WHERETO approach.

•	 Understand the value and role of scientific visualizations in Earth science and 
incorporate them in learning designs to help students understand Earth system 
science.

Essential Questions

What participants will 
need to know and be 
able to do (knowledge 
and skills)
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•	 Analyze, evaluate, and provide feedback on the learning designs of peers.

•	 Understand the value of reflection to improve teaching practice.

•	 Only “the big ideas” are important to teach.

•	 The ESBD approach takes too much time.

•	 The ESBD approach has no place for “traditional tests and quizzes”.

•	 Factual knowledge is unimportant.

•	 Learner misconceptions can be easily erased, especially through direct instruction.

•	 Any kind of Internet use enhances learning and technology skills.

•	 “Uncoverage” means kids must discover everything themselves.

•	 If you give students correct information, they will learn it.

•	 Good performances on quizzes and tests indicate enduring understanding.

•	 All visualizations are effective.

•	 Direct instruction has no place in Understanding by Design.

•	 Learners must acquire skills and knowledge before they can begin to uncover the 
essential questions in a discipline.

•	 ESBD requires teachers to create entirely new activities and curriculum.

•	 Understanding by Design is a radical new approach.

Stage 2: Determine Acceptable Evidence

•	 Create An Earth Science by Design Unit. During the two-week summer institute, 
participants will create an Earth Science by Design unit to teach during the 
coming school year.

•	 Evaluate an Earth Science by Design Unit. During the summer institute, participants 
will serve as peer evaluators of each other’s work to offer feedback on the strengths 
and weaknesses relative to the Understanding by Design criteria.

•	 Attend the Fall Teacher Conference. At this conference, participants will present 
a revised version of their unit. This is an opportunity to receive feedback and 
suggestions from peers and mentors before beginning to implement the unit.	

Performance Tasks

What might participants 
misunderstand about 
Earth Science by Design? 
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•	 Implement an Earth Science by Design Unit. Participants will implement an Earth 
Science by Design unit in their classrooms following the Fall Teacher Conference.

•	 Evaluate an Earth Science by Design Lesson as It Is Taught. Each participant will serve 
as a peer evaluator for another participant as they implement the Earth Science by 
Design approach in their classrooms.

•	 Prepare an Implementation Report for the Winter Teacher Conference. Each participant 
will prepare a report on the implementation of their unit, which they will present 
and share at the conference. The report should be a written document, following 
the guidelines provided, but may include a PowerPoint presentation or a poster as 
well.

•	 Daily Reflection During the Summer Institute. Participants will write responses to 
reflective questions such as, “What is the main understanding that you struggled 
with today?” and “What is the main unanswered question you leave the institute 
with today?”

•	 The Earth Science by Design Journal. Participants will reflect upon their teaching 
practices and student learning as they implement their Earth Science by Design 
unit. These reflections and notes form the basis for the implementation report.

Stage 3: Plan Learning Experiences and Instruction

See the detailed guides for the Summer Institute, Fall Conference, and Spring 
Conference, which follow.

Academic Prompts


