
CREATING LESSON
PLANS

Supplemental Materials

CREATING LESSON
PLANS

Supplemental Materials

WORCESTER POLYTECHNIC INSTITUTEWORCESTER POLYTECHNIC INSTITUTE

WHITE MOUNTAINS PROJECT CENTER, NEW HAMPSHIRE, UNITED STATESWHITE MOUNTAINS PROJECT CENTER, NEW HAMPSHIRE, UNITED STATES

AIDEN JOHNSON
JEREMIAH MAYLUM

JAMES NICOLL
WILLIAM SMITH

AIDEN JOHNSON
JEREMIAH MAYLUM

JAMES NICOLL
WILLIAM SMITH



Table of ContentsTable of Contents
Table	of	Contents............................................................HB-i
List of Tables and Figures.............................................HB-ii

Appendices.........................................................................HB-1
      Appendix	A:	Authorship	Table..........................HB-1
						Appendix	B:	Focus	Group	Questions...............HB-4
						Appendix	C:	Interview	Questions.....................HB-5
												Science Teachers and Educators...................HB-5
            Brendan Leonardi.................................................HB-5
				 Appendix	D:	Interviewees......................................HB-6
            Public School Teachers.......................................HB-6
            Environmental Educators..................................HB-6
            HBRF Staff................................................................HB-6
     Appendix	E:	Preambles...........................................HB-7
            Science Teacher and Educator Interview.....HB-7
            Hubbard Brook Staff Interview........................HB-7
            Environmental Educator Interview................HB-7
            Systematic Observation Consent.....................HB-7
            Pilot Lesson Plan Consent..................................HB-8
            Focus Group Consent...........................................HB-8
            Principal Outreach................................................HB-8
     Appendix	F:	Post	Activity	Questions.................HB-9
            For Brendan Leonardi After Pilo t....................HB-9
            For Teachers (sent in an email).......................HB-9
            Written Handout Questionnaire (MS)............HB-9
            Written Handout Questionnair e (HS)............HB-9
       Appendix	G:	Glossary.............................................HB-10
            Lesson Plan.............................................................HB-10
            Traditional Education.........................................HB-10
            Hands-on Learning...............................................HB-10
            Experiential Learning..........................................HB-10
            Content Analysis....................................................HB-10

             Systematic Observation.......................................HB-10
            Snowball Sampling................................................HB-10
            Next Generation Science Standards................HB-10
       Appendix	H:	Systematic	Observations............HB-11
             Systematic Observation Note-Taking............HB-11
             Questions Asked At Different Tour Stops.....HB-12
             Time Spent and Student Engagement 
             at Tour Stops.........................................................HB-12
       Appendix	I:	Lesson	Plans.....................................HB-13
             Water Quality Handout (MS)...........................HB-13
            Water Quality Handout (HS).............................HB-14
             Water Quality Organizer Notes (MS)............HB-15
             Water Quality Organizer Notes (HS).............HB-17
             Tree Survey Handout (MS)...............................HB-18
            Tree Survey Handout (HS).................................HB-19
             Tree Survey Organizer Notes (MS)................HB-20
            Tree Survey Organizer Notes (HS)..................HB-21
             Insect Food Web Handout (MS)......................HB-23
             Insect Food Web Handout (HS)......................HB-24
             Insect Food Web Organizer Notes (MS).......HB-24
             Insect Food Web Organizer Notes (HS).......HB-25
             Phenology Handout (Fall).................................HB-27
             Phenology Handout (Spring)...........................HB-28
             Phenology Organizer Notes (Fall)..................HB-28
             Phenology Organizer Notes (Spring).............HB-19
     	Appendix	J:	Reference	Sheets...............................HB-31
            Tree Health Survey Datasheet...........................HB-31
            Beech Bark Disease Rating 
            Reference Sheet......................................................HB-31
            Tree Reference Sheet............................................HB-32

HB-i



List of Tables and FiguresList of Tables and Figures

Table	1	-	pg.	HB-8:	Lesson	plan	components	and	sources	of	understanding
Table	2	-	pg.	HB-13:	Tree	survey	datasheet
Table	3	-	pg.	HB-14:	Lesson	plan	outcomes	and	descriptions

Figure	1	-	pg.	HB-1:	Forest	fragmentation	over	time	(Bogdan	Olariu	et	al,	2022)
Figure	2	-	pg.	HB-2:	ice	storm	at	the	Hubbard	Brook	Experimental	Forest	(Klementovich,	2017)
Figure	3	-	pg.	HB-2:	Outdoor	discussion	(HBRF	staff,	Sep	2021)
Figure	4	-	pg.	HB-3:	Young	students	catching	animals	while	learning	about	biology	(The	Project	Learning	Tree,

Figure	5	-	pg.	HB-3:	Quote	from	NGSS	Outdoor	Learning	(Next	Generation	Science	Standards,	n.d.)
Figure	6	-	pg.	HB-4:	The	Hubbard	Brook	Experimental	Forest	and	its	Hydrometeorological	Stations	(Campbell,	

Figure	7	-	pg.	HB-4:	Watershed	4	in	the	Hubbard	Brook	Experimental	Forest	(Aiden	Johnson,	Sep	2023)
Figure	8	-	pg.	HB-5:	Brendan	Leonardi	(Klementovich	2023)
Figure	9	-	pg.	HB-6:	Project	objectives	flowchart
Figure	10	-	pg.	HB-9:	Piloting	Water	Quality	lesson	plan
Figure	11	-	pg.	HB-10:	James	Nicoll	interviewing	Jen	Weatherbee
Figure	12	-	pg.	HB-11:	Discussing	feedback	after	a	piloted	lesson
Figure	13	-	pg.	HB-12:	Tour	stop	questions	bar	graph
Figure	14	-	pg.	HB-12:	Research-grade	sticky	trap	(Brendan	Leonardi,	2023)
Figure	15	-	pg.	HB-15:	Lin-Wood	students	creating	a	food	web
Figure	16	-	pg.	HB-16:	Post-lesson	feedback	form
Figure	17	-	pg.	HB-16:	Hubbard	Brook	in	a	box

List of Tables

List of Figures

																																											2023)

																																											2010)

HB-ii



Chapter/Section Primary Author Primary Editors

Abstract All All

Introduction Jeremiah M. All

Background - -

  1. Environmental Issues All Aiden J.

   2. Education James N. Aiden J.

      2.1 Outdoor Lessons Jeremiah M. William S.

      2.2 Experiential Learning Jeremiah M. William S.

      2.3 Scientific Sources and Partnerships Aiden J. James N.

3. Hubbard Brook William S. James N.

Methodology - -

Goal William S. All

O1: Asses Hubbard Brook’s Approach to Education Jeremiah M. William S.

O2: Investigate Other Approaches and Factors for Developing Science and Nature
Lessons

Jeremiah M. Aiden J.

O3: Draft and Pilot Lesson Plans Jeremiah M. Aiden J.

O4: Create Final Deliverables William S. Aiden J.

Appendix A: Authorship PageAppendix A: Authorship Page

HB-1



Chapter/Section Primary Author Primary Editors

Findings - -

   1. Lesson Plan Topics William S. James N.

   2. Learning Outcomes William S. James N.

   3. Teaching Methods Jeremiah M. William S.

Recommendations - -

   1. Student and Teacher Feedback Jeremiah M. Aiden J.

   2. Travel Logistics Jeremiah M. William S.

   3. Lesson Plan Alterations Jeremiah M. James N.

Conclusion - -

Conclusion James N. Jeremiah M.

Acknowledgements William S. Jeremiah M.

References All All

Appendix A: Authorship PageAppendix A: Authorship Page

HB-2



Chapter/Section Primary Author Primary Editors

Appendices -- -

   A Draft Focus Group Direction Jeremiah M. William S.

   B Interview Questions All All

   C Interviewees Jeremiah M. Aiden J.

   D Informed Consent All All

   E Post-Tour Survey Questions Jeremiah M. James N.

   F Systematic Observation Tools William S. James N.

   G Glossary James N. Aiden J.

Appendix A: Authorship PageAppendix A: Authorship Page

HB-3



Appendix B: Focus Group QuestionsAppendix B: Focus Group Questions

To introduce ourselves, could you please say your name and describe your role at Hubbard Brook?
Can you tell us about the current research projects or programs that are being conducted at the Hubbard Brook
Research Foundation? What are the key objectives, methods, and findings of these initiatives?
Do you face any challenges or barriers that you encounter in implementing education programs at the HBRF?
How do you address these challenges and ensure the success of your initiatives?
Can you tell us about your experience engaging with local communities to raise awareness about environmental
issues and promote environmental literacy?
Have you experienced any difficulties teaching about climate change?
We’ve heard from a previous interview about the use of role play and also competition to gets kids to engage. Do
you think these methods could be effective?
How does the age of students affect your approach?

Appendix B: Focus Group Questions With HBRF Employees
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Appendix C: Interview QuestionsAppendix C: Interview Questions

Thanks for taking the time to meet us. this is xyz, and I’m abc. So, you are a science teacher here. What do you
love about teaching science to (middle/high school) kids?
As the preamble mentioned, we are working with Hubbard Brook to make lesson plans for students who go on
tours through the Experimental Forest. We are hoping to get your insight on education so that we can make
effective and enjoyable post-tour lesson plans.
What science topics do your students seem to enjoy the most? Why?

What activities do you do with students that they enjoy the most?
What information do they find most interesting?
What is it about the lessons and activities that make them engaging?

Are there ways that the tour or post-tour activities can be connected to the material you cover in classes with the
students? (Give context to teacher)
How do you assess whether students enjoy a lesson?
How do you assess whether students were engaged?
How do you assess what students learned?
Have you ever worked with long-term recurring data? For example, using and building upon data from a
previous class with a new group of students.

If so, what has been your experience?
If not, what do you think about using it for your lessons?

What tips and tricks have you personally found helpful for keeping student interest?
What kind of feedback from students is most helpful to you?

What would you like to learn from the students about their experience with the tour?
Have you ever brought your students outside for a lesson?

If so, how effective was that for teaching?
Is there anybody you might recommend us to talk to?
Are there any questions you think we missed, and should ask in the future?

What role do you fill for the Hubbard Brook Foundation?
How have some of Hubbard Brook’s previous educational projects been most successful?
What do you feel are some of the most important topics to teach?
What financial or material support will our team be provided?
What can we expect as the settings that the lesson plans will be conducted in?
What are activity expectations (refinement to the research plot? Tour length? Activities outside of the research
plot?)
Are there any handouts that are handed to tour groups?
How has the local community been incorporated into previous projects?
How have the Next Generation Science Standards Affected your research and education programs?
Who are some other Hubbard Brook staff that would be helpful to talk to?
Are there any Hubbard Brook stakeholders you could help us get connected with?
What individual aspects of the Hubbard Brook Experimental Forest do you think could be improved upon?
Has your organization run into any notable challenges when running educational programs?
How do you handle challenges like poor weather or unusually large or small class sizes?
What are some financial, weather, or other constraints you’ve found restrict lesson plans?

C.1 SCIENCE TEACHERS AND EDUCATORS

C.2 Brendan Leonardi
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Appendix D: IntervieweesAppendix D: Interviewees

Rose Dedam (St Johnsbury Academy-AP Bio Teacher)
Leslie Houghton (Lisbon Regional School-Middle School Science Teacher)
Melissa Jellison (Lisbon Regional School-High School Science Teacher)
Jen Weatherbee (Plymouth Elementary School-Elementary School Teacher)

Kayla Croteau (Watershed Education Specialist )
Stuart Hickey (Coos County Education Coordinator )
Amanda Carron (Associate Director of Programs)
Jen Weatherbee (Plymouth Middle School-Middle School Teacher)

Brendan Leonardi (Young Voices of Science and Education manager)
Amey Bailey (Forestry Tech)
Hannah Vollemer (Technician)

Appendix D.1: Public School Teachers

Appendix D.2: Environmental Educators

Ap pendix D.3: HBRF Staff
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Appendix E: PreamblesAppendix E: Preambles
Appendix E.1: Science Teacher and Educator Interview Preamble
      We are students from Worcester Polytechnic Institute in Massachusetts. We are working with the Hubbard Brook
Research Foundation at Hubbard Brook Experimental Forest to develop lesson plans for students in grades 4-12. We
would be grateful for your insight on teaching methods. Participation in this hour-long interview is completely
voluntary, and you may withdraw at any time. If you prefer, anything you say can be kept confidential. Otherwise, we
may note that the information comes from a local school teacher. However, no additional identifying information
will be associated with your responses. If you would like, we are happy to provide you with a copy of our project
report prior to its publication. If you have any questions, you can reach us at HB.ResearchPlot@gmail.com. You can
also reach our faculty advisors, Corey Dehner and Seth Tuler at cdehner@wpi.edu and stuler@wpi.edu. Thank you
for your participation.

Appendix E.2: Hubbard Brook Staff Interview Preamble
      We are students from Worcester Polytechnic Institute in Massachusetts. We are working with the Hubbard Brook
Research Foundation at Hubbard Brook Experimental Forest to develop lesson plans for students. We would be
grateful for your insight on what aspects of Hubbard Brook’s work you think students may find most intriguing.
Participation in this hour-long interview is completely voluntary, and you may withdraw at any time. If you agree,
we would like to include some of your responses in our final report which is published on the WPI library database.
We are happy to send you our report for your review prior to publication. Alternatively, we are happy to keep your
identity confidential and refrain from putting any identifying information in the final report or any accompanying
documents. Rather, we will simply note that the information came from a Hubbard Brook employee. If you have any
questions, you can reach us at HB.ResearchPlot@gmail.com. You can also reach our faculty advisors, Corey Dehner
and Seth Tuler at cdehner@wpi.edu and stuler@wpi.edu. Thank you for your participation.

Appendix E.3: Environmental Educator Interview Preamble
      We are students from Worcester Polytechnic Institute in Massachusetts. We are working with the Hubbard Brook
Research Foundation at Hubbard Brook Experimental Forest to develop lesson plans for students. We would be
grateful for your insight on environmental education. Participation in this hour-long interview is completely
voluntary, and you may withdraw at any time. If you agree, we would like to include some of your responses in our
final report which is published on the WPI library database. We are happy to send you our report for your review
prior to publication. Alternatively, we are happy to keep your identity confidential and refrain from putting any
identifying information in the final report or any accompanying documents and will simply note that the information
comes from an education organization member. If you have any questions, you can reach us at
HB.ResearchPlot@gmail.com. You can also reach our faculty advisors, Corey Dehner and Seth Tuler at
cdehner@wpi.edu and stuler@wpi.edu. Thank you for your participation.

Appendix E.4: Systematic Observation Consent Preamble
      Hubbard Brook will add a section to the waivers sent to teachers and parents, prior to tours. This added section
will ask for permission for Worcester Polytechnic students to observe and take notes of the tour group for the
purpose of improving future educational experiences. At the beginning of tours, the tour-guide will point out and
mention the team member taking notes.
 This way, teachers will be aware and consenting to having non-Hubbard Brook staff conduct their tour group.
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Appendix E: PreamblesAppendix E: Preambles
Appendix E.5: Pilot Lesson Plan Consent 
      Hubbard Brook will add a section to the waivers sent to teachers and parents, prior to tours. This added section
will ask for permission for Worcester Polytechnic students to conduct the tour group, using new lesson plans for the
purpose of improving future educational experiences.
      This way, teachers will be aware and consenting to having non-Hubbard Brook staff conduct their tour group.

Appendix E.6: Focus Group Consent Preamble
      We are students from Worcester Polytechnic Institute in Massachusetts. We are working with the Hubbard Brook
Research Foundation at the Hubbard Brook Experimental Forest to develop lesson plans for students. We would be
grateful for your insight on environmental education. Participation in this focus group is completely voluntary, and
you may withdraw at any time. If you agree, we would like to include a record of notes taken during the focus group
in our final report which is published on the WPI library database. We are happy to send you our report for your
review prior to publication. Alternatively, we are happy to keep your identity confidential and refrain from putting
any identifying information in the final report or any accompanying documents and will simply note that the
information comes from a local school teacher. If you have any questions, you can reach us at
HB.ResearchPlot@gmail.com. You can also reach our faculty advisors, Corey Dehner and Seth Tuler at
cdehner@wpi.edu and stuler@wpi.edu. Thank you for your participation.

Appendix E.7 Principal Outreach Preamble
Dear Principal….,
      We are students from Worcester Polytechnic Institute in Massachusetts. We are working with the Hubbard Brook
Experimental Forest, specifically Brendan Leonardi, title, to develop hands-on lessons for students in grades 4-12.
We would be grateful for the opportunity to speak with your teachers, particularly those who teach science, to learn
what sorts of lessons they would find most beneficial. We are happy to accommodate their schedule and come to
your school to conduct the interviews. Please feel free to reply to this email. Regardless, we will follow up with a
phone call in a couple of days. If you have any questions, you can reach us at HB.ResearchPlot@gmail.com. You can
also reach our faculty advisors, Corey Dehner and Seth Tuler at cdehner@wpi.edu and stuler@wpi.edu. Thank you
for your consideration.
Best wishes,
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Appendix F: Post Activity QuestionsAppendix F: Post Activity Questions

How do you feel we could have made some of the activities more engaging
What changes might make the lesson plan easier to conduct?
Are there any methods we used in the lesson plan procedure that felt unnecessary?
Did you think the lesson helped students achieve the desired learning outcome?

Was there any information the students learned today that you think you'd be able to use in classes?
Are there any aspects of the tour/activities that you think were unnecessary?
Please list 1-3 things that you think the students found most engaging, and 1-3 things that the students seemed
bored with. (These things can include conversation topics, sights or areas on the tour, activities, etc.)
What do you think could improve the student's experience on future tours?
What is one thing we could do better to improve your experience as a teacher?
Which stop(s) on the tour did you think the students found most interesting? Why?

What emotion best describes your experience on our tour?
What part of the tour did you find most exciting from today? Why?
What is the coolest thing you learned today?
Was there any point you felt bored?
What would make you feel more engaged?
Do you have anything else to share with the staff?

What mood best describes your experience on our tour?
What part of the tour did you find most exciting from today?
What is the most interesting thing you learned today?
What would make you feel more engaged?
Was there any point you felt bored?
Do you have anything else to share with the staff?

What's one thing you all learned today? (pick anybody who raises their hand)
What did you find really cool? (pick anybody who raises their hand) - (if they don’t explain, follow up by asking)
“what did you learn from that?”

Appendix F.1: For Brendan Leonardi After Pilot

Appendix F.2: For Teachers (sent in an email)

Appendix F.3: Written Handout Questionnaire (Middle School)

Appendix F.4: Written Handout Questionnaire (High School)

Appendix F.5: Verbal Questions For Whole Tour-Group
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Appendix G: GlossaryAppendix G: Glossary
Appendix G.1: Lesson Plan
      A lesson plan is a framework for a lesson; including the goal of what students should learn, the procedure to
achieve that goal, required resources, and a way to evaluate how successfully the goal was achieved (FutureLearn,
n.d.).

Appendix G.2: Traditional education
      Traditional education is the systematic instruction for a group of students, including discussions, presentations,
and handouts (Law Insider, n.d.).

Appendix G.3: Hands-on Learning
      Hands-on learning uses experiments where students use manipulatives to learn content and build skills (IGI
Global, n.d.).

Appendix G.4: Experiential Learning
      Experiential Learning uses activities, which utilize direct experiences to gain knowledge and skills (Gross &
Rutland, 2017).

Appendix G.5: Content Analysis
      Content analysis is a method for processing and categorizing data into groupings (Given, 2008).

Appendix G.6: Systematic Observation
      Systematic observation is the collection of data according to a set of procedures (Given, 2008).

Appendix G.7: Snowball Sampling
      Snowball sampling is the process of relying on initial interviewees to identify additional interviewees (Given,
2008).

Appendix G.8: Next Generation Science Standards
      Next Generation Science Standards are a set of research-based standards for scientific knowledge and
understanding for students K-12, with the goal of giving teachers the flexibility to design their curriculum based on
their own classroom (Next Generation Science Standards, n.d.)
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Appendix H: Systematic ObservationsAppendix H: Systematic Observations
Appendix H.1: Systematic Observation Note-Taking Sheet
Group1: St. Johnsbury Academy AP Bio, Sep 6th
Group2: Lin-Wood Middle School, Sep 15th
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Appendix H: Systematic ObservationsAppendix H: Systematic Observations

Appendix H.3: Time Spent and Student Engagement at Tour Stops
Group1: St. Johnsbury Academy AP Bio, Sep 6th
Group2: Lin-Wood Middle School, Sep 15th

Appendix H.2: Questions Asked at Different Tour Stops
Group1: St. Johnsbury Academy AP Bio, Sep 6th
Group2: Lin-Wood Middle School, Sep 15th

      We used the student engagement, measured by the number of questions asked at different stops along the tour,
to analyze what topics students showed more or less interest in. While unable to make a lesson plan that
incorporates the water sheds, we see that students held a lot of interest in them, as was also noted by Rose Dedam,
one of the teachers we interviewed. The exact number of questions asked, and the tour stop they were asked at, are
displayed in Figure 2.
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.1: Water Quality Handout (MS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.2: Water Quality Handout (HS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.3: Water Quality Organizer
Notes (MS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.4: Water Quality Organizer
Notes (HS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.5: Tree Survey Handout (MS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.6: Tree Survey Handout (HS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.7: Tree Survey Organizer
Notes (MS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans

Appendix I.8: Tree Survey Organizer
Notes (HS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.9: Insect Food Web Handout
(MS)
    

Appendix I.10: Insect Food Web Handout
(HS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.11: Insect Food Web
Organizer Notes (MS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.12: Insect Food Web
Organizer Notes (HS)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.13: Phenology Handout (Fall)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.14: Phenology Handout
(Spring)
    

Appendix I.15: Phenology Organizer
Notes (Fall)
    

HB-28



Appendix I: Lesson PlansAppendix I: Lesson Plans
Appendix I.16: Phenology Organizer
Notes (Spring)
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Appendix I: Lesson PlansAppendix I: Lesson Plans
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Appendix J: Reference SheetsAppendix J: Reference Sheets
Appendix J.1: Tree Health Survey Datasheet

Appendix J.2: Beech Bark Disease Rating Reference Sheet
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Appendix J: Reference SheetsAppendix J: Reference Sheets
Appendix J.3: Tree Reference Sheet
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