TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT

Regular Meeting – Tuesday, January 28, 2020, *6:00 Executive Session, 7:00 p.m. Regular Meeting
Long Hill Administration Building
Lorraine R. Smith Assembly Room

AGENDA

I.

II.

III.

IV.

V.

CALL TO ORDER
*Executive Session – It is anticipated that there will be an Executive Session for the purpose of
discussing the following:
Pending Litigation - Marissa Fernandez (CHRO)
Pending Claim - Stacy George

PRELIMINARY BUSINESS
A. Pledge of Allegiance
B. Correspondence
C. Public Comments
D. Board Chairman Report
E. Superintendent Report
F. Teacher Board Representative Report

REPORTS/ACTION ITEMS
A. Budget Discussion – Mr. Iassogna, Mr. Cameron
1. 2019-2020 Budget Discussion
2. 2020-2021 Budget Discussion
B. Approval/Minutes – Regular Meeting 1/14/2020
C. Personnel – Mr. Iassogna
D. Approval/Revised 2019-2020 District Calendar – Dr. Budd
E. Curriculum Committee Report – Mr. Ward
Approval/New Course Text Proposal – Dr. Budd
1. A Raisin in the Sun (Core: English 11-12)
Approval/Curriculum Guides – Dr. Budd
2. Grade 10 Biology Curriculum Guide
3. Grade 11 Chemistry Curriculum Guide
4. Advanced Placement Physics 1 Curriculum Guide
5. Advanced Placement UCONN Environmental Science Curriculum Guide
F. Finance Committee Report – Mr. Cameron
• Financial Reports as of December 31, 2019
RECEIVE AND FILE
A. Pending Litigation
B. Negotiations

OTHER

TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT
Report to the Board of Education
Regular Meeting – January 28, 2020

Mr. Iassogna, Mr. Cameron

Agenda Item – III - A

Budget Discussion
1. 2019-2020 Budget Discussion
As we conveyed to the Board at our last
meeting, the 2019-2020 budget is
projected to have a significant shortfall.
We also conveyed to the Board that my
staff and I would focus on reducing the
potential $1.2 million - $2.0 million deficit
(particularly Al Cameron, Sean O’Keefe
and myself).
At this juncture, we have drilled down in
the 2019-2020 adopted budget and
implemented several cost savings
measures:
• Both a soft and hard freeze
• Hiring per diem administrative
personnel until the arrival of the
permanent Superintendent
It should be noted that, thus far, the
reductions do not involve staff who are
directly working with our students.
As such, our shortfall projection is now
estimated at $1.2 million - $1.5 million.
Additional modifications will be enacted
soon that hopefully, will further reduce our
deficit.
2. The 2020-2021 budget was presented and
discussed at the December 10 and 12,
2019 Board of Education meetings. Its
review and discussion will continue once
this year’s budget is finalized.

Administrative Recommendation:

Review and discuss: the current 2019-2020.

TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT

Report to the Board of Education
Regular Meeting – January 28, 2020

Mr. Iassogna

Agenda Item – III-B

Approval/Minutes
Regular BOE Meeting – January 14, 2020

Recommendation:

Approve the minutes of the above noted
meeting.

TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT
Regular Meeting – January 14, 2020
Long Hill Administration Building
Lorraine R. Smith Assembly Room
The Trumbull Board of Education convened in the Auditorium in the Long Hill Administration
Building for a Regular Meeting.
Members present:
L. Timpanelli, Board Chairman
T. Gallo, Vice Chairman
J. Norcel, Board Secretary
K. Fearon
S. Kerr
M. Petitti
M. Ward
Agenda Item I—Call to Order
The meeting was called to order at 7:00 p.m.
Mrs. Timpanelli welcomed back our former Superintendent, Mr. Ralph Iassogna, who is serving as
our Acting Superintendent until July, 2020.
Agenda Item II—Preliminary Business
A. Salute to the Flag - The Public Session began with a salute to the Flag.
B. Recognition: THS Girls Volleyball Team, State Champions
The Trumbull Girls Volleyball Team swept three games from No. 3 Westhill to capture the
Connecticut Class LL Championship title! Game scores were 25-21, 25-21 and 25-20. The
Trumbull High School team was the Number 8 seed and had never won a state championship
before. The Board congratulated the THS Girls Volleyball Team for this exciting and
outstanding achievement.
C. Recognition: Mr. Todd Manuel, 2020 Connecticut Assistant High School Principal of the Year
Congratulations to Todd Manuel for the honor of representing Connecticut as the 2020 Assistant
High School Principal of the Year! This program, sponsored annually by the Connecticut
Association of Schools (CAS) and the National Association of Secondary School Principals
(NASSP), recognizes outstanding assistant principals who have succeeded in providing high
quality learning opportunities for students. The Board and Mr. Iassogna congratulated Mr. Todd
Manuel on this achievement of excellence.
D. Recognition: Madison Middle School Students in Coding Competition
Mr. Sullivan presented Madison Middle School students that have participated in the Cyber
Robotics Coding competition. The Mad Coders Club came in 1st place out of 192 schools in
New England. The Cyber Robotics Coding Competition is an online robotics competition that
engages students in coding and uses simulation of virtual 3D robots that perform complex tasks
and missions. The Board commended the Madison Middle School Coding Team and their
advisors for this exceptional achievement.

E. Correspondence – The BOE received the following correspondence: Amy Lehaney, Sarah White,
Katherine Price and Lauren O’Keefe all wrote in support of adding an additional class section at
Middlebrook; April Lang would like class size and library books to be considered a priority when
evaluating the budget; Christina Smith, Cat Lamy, Catherine Martini, Sharon Martini all wrote in
support of later school start times, and Matthew Bracksieck wrote a detailed report on the THS
auditorium that is being addressed by Administration.
F. Public Comments – April Lang-Middlebrook parent, spoke of the Be Kind mural, the Nextrex
recycling project and the current 3rd grade class sections are all at 27 students and next year’s class
size needs to be addressed; Amy Lehaney would like to keep an open dialogue for the upcoming
school year regarding increasing enrollment for Middlebrook third grade, Traci and Cole Galla
thanked teachers for all their hard work and are concerned with the reduction of Tech Specialists.
Madison students spoke of the importance of STEM subjects being supported; Teacher Kathy
Rubano is glad to have Ralph Iassogna back as our Acting Superintendent; Lidia Pontonio, Joy and
Avery Colon, Christine Koval, Lilly Cooke, Marija Elkins, Barbara Olerking all spoke of how
crowded and hot the third grade classrooms are at Middlebrook, student enrollment is at maximum
capacity and that we need to add another section next year so that students needs are properly met;
Frank Squiccmarro and Ruth Fontilla welcomed Ralph Iassogna back to our district and spoke of
the importance of our budget negotiations and that we make certain that students’ academic and
social needs are not compromised and Mark Pizzi, a Middlebrook parent and teacher in Bridgeport,
said the Board should always keep in mind that the impact a teacher makes is in direct relation to
student success.
G. Board Chairman Report - Mrs. Timpanelli is sending an eblast with an update on the
Superintendent Search. On January 23, 2020, focus groups for the community, parents, teachers,
staff, students and administrators will be held throughout the day. Dr. Betty Osga of NESDEC will
facilitate the groups.
H. Superintendent Report – Mr. Iassogna thanked the Board, the Trumbull community and the TPS
staff for their support for his appointment for Acting Superintendent. Mr. Iassogna is committed to
continue the 2019-2020 school year with the district’s focus in providing a quality educational
program addressing all needs of our approximately 6,900 TPS students.
I. Student Board Representatives Report – Student representatives reported on recent events at THS:
prep for the upcoming midterms; Post HS planning night for juniors; the Band and Orchestra
concert; our We the People team placed third at the state competition; and the success of our sports
teams.
Agenda Item III—Reports/Action Items
A. Approval/Field Trips
1. Approval/THS Model Congress Field Trip to Philadelphia, PA: March 26-29, 2020 –
Ms. Boland, Ms. Supriya Ganti
The Trumbull High School Model Congress Team has requested permission to participate in the
University of Pennsylvania Model Congress Competition in Philadelphia, Pennsylvania. Students
would leave Trumbull on Thursday, March 26, 2020 and return to Trumbull on the evening of
Sunday, March 29, 2020.
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It was moved (Ward) and seconded (Norcel) to approve the THS Model Congress trip to
Philadelphia, Pennsylvania as presented. Vote: Unanimous in favor.
2. Approval/THS Music Department Field Trip to CMEA All-State Music Festival, Hartford,
CT: April 2-4, 2020 – Ms. Tornillo
The Trumbull High School Music Department has requested permission for selected students to
participate in the CT Music Educators (CMEA) All-State Music Festival in Hartford. These selected
grade 9-12 students, with 3 teacher chaperones, would leave Trumbull on the morning of Thursday,
April 2, 2020 and return on the evening of Saturday, April 4, 2020.
It was moved (Norcel) and seconded (Gallo) to approve the THS Music Department trip to
Hartford, Connecticut as presented. Vote: Unanimous in favor.
3. Approval/THS Model United Nations Club Field Trip to Arlington, VA: April 2-5, 2020 –
Mr. LaBarca, Ms. Annesha Das, Mr. Noah Lansing
The Trumbull High School Model United Nations Club has requested permission to participate in
the Washington Area Model United Nations Conference in Arlington, Virginia. Students would
leave Trumbull on Thursday, April 2, 2020 and return to Trumbull on the evening of Sunday,
April 5, 2020.
It was moved (Gallo) and seconded (Fearon) to approve the THS United Nations Club trip to
Arlington, Virginia as presented. Vote: Unanimous in favor.
B. Approval/Child Nutrition Program Authorized Signature Change Form – Mrs. Sinko
The Child Nutrition Program Authorized Signature Change Form must be executed whenever one of
the two authorized signers change. Authorized signers on file with the CSDE (Connecticut State
Department of Education) may only submit claims for reimbursement. To avoid reimbursement delay,
the (Local Education Agency) must arrange for board action to sign and submit Authorized Signatures
Change Form.
It was moved (Ward) and seconded (Norcel) to approve the Child Nutrition Program Authorized
Signature Change Form as presented. Vote: Unanimous in favor.
C. 2019 Next-Generation Science Standards (NGSS) Assessment Results – Dr. Budd
Dr. Budd gave a presentation on the spring 2019 NGSS Assessment results for students in
grades 5, 8, & 11. Students must exercise in depth analysis and critical thinking applications for
the NGSS Assessment. Dr. Budd provided data showing that Trumbull’s performance was
superior compared to the State of Connecticut as a whole. Dr. Budd commended Trumbull’s
teachers and students for their hard work on this assessment, and in particular noted the science
program leadership of STEM K-8 Coordinator Dr. Floria Mallozzi, and THS Science
Department Chairperson Mr. Thomas Edwards.
D. Budget Discussion – Mr. Iassogna
1. 2019-2020 Budget Discussion- Mr. Iassogna initiated a discussion with the Board regarding
the challenges of our current 2019-2020 budget. The final deficit figure will be presented at
the January 28 BOE meeting at which time budget reductions will be discussed. Potential
budget reductions will be implemented so as not to impact students. We will need to make a
concentrated effort to reduce the 2019-2020 deficit before we prepare for next year’s budget.
Mr. O’Keefe was on hand to present our existing 2019-2020 significant exposures that
include special education, health and energy costs.
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2. 2020-2021 Budget Discussion
The 2020-2021 budget was presented at the December 10 and 12, 2019 Board of Education
meetings. The review and discussion will continue at the January 28, 2020 Board of Ed
meeting.
E. Approval/Minutes – Budget Sessions 12/10/2019, 12/12/2019 & Special Meeting 1/6/2020
It was moved (Kerr) and seconded (Norcel) to approve the 12/10/2019 and the 12/12/2019 BOE
Meeting minutes as presented. Vote: Unanimous in favor.
It was moved (Fearon) and seconded (Gallo) to approve the minutes of the Special Meeting on
January 6, 2020 as presented. Vote: Unanimous in favor.
F. Personnel – Mr. Iassogna
Mr. Iassogna presented the following Request for Leave of Absence for the Board’s approval.
This request complies with the Trumbull Board of Education Leave of Absence Policy, 4150.
Michele Sansone, math specialist (.5) at Frenchtown Elementary School since August 2005 is
requesting a one year personal leave of absence without pay from February 1, 2020 through
January 29, 2021.
It was moved (Gallo) and seconded (Norcel) to approve the leave of absence as presented.
Vote: Unanimous in favor.
Mr. Iassogna presented the following certified resignation:
Pauline Smith, Director of Pupil Services since August 1, 2013, resigning effective 1/31/20.
It was moved (Gallo) and seconded (Norcel) to approve the resignation as presented. Vote:
Unanimous in favor.
G. Policy Committee Report
Policies, Second Readings – Dr. Budd
1. Sex Discrimination and Sexual Harassment in the Workplace, Policy Code 4118.112
2. Security and Safety, Policy Code 3516
3. Domestic Violence, Policy Code 4118.16
4. Homeless Students, Policy Code 5118.1
5. Eligibility to Attend Trumbull Public Schools, Policy Code 5111
6. School Resource Officers, Policy Code 5142.4
7. Gifts to the School District, Policy Code 3210
8. Trumbull High School Concession Stand, Policy Code 1331
9. Special Accounts, Policy Code 3453
10. Suicide Prevention/Intervention, Policy Code 5141.5
11. Legal Services, Policy Code 9125
It was moved (Norcel) and seconded (Gallo) to approve the above presented policies for second
readings as presented. Vote: Unanimous in favor.
H. Approval/Revised Calendars – Dr. Budd
1. Revised 2020-2021 District Calendar
2. Revised 2021-2022 District Calendar
Based on the need to assure staff training in various required human resources topics (e.g.,
sexual harassment, bullying, suicide prevention/intervention, etc.), the Board is asked to
approve revised 2020-2021 & 2021-2022 District Calendars that add a second day of new staff
orientation: August 25 & 26, 2020
August 24 & 25, 2021
4

It was moved (Fearon) and seconded (Norcel) to approve the above changes to the 2020-2021 and
2021-2022 District Calendars as presented. Vote: Unanimous in favor.
Adjournment
Mr. Ward made a motion to adjourn. All Board Members gave unanimous consent to adjourn the
Public Session at 8:50 p.m.
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TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT
Report to the Board of Education
Regular Meeting, January 28, 2020

Mr. Iassogna

Agenda Item III-C

Personnel

Resignations –Certified
Craw, Sheila; grade 2 teacher at Middlebrook
Elementary School since September 1986, retiring
effective June 30, 2020.

Recommendation:

Accept.

TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT
Report to the Board of Education
Regular Meeting – January 28, 2020

Dr. Budd

Agenda Item – III-D

Approval / Revised 2019-2020 District Calendar
The Trumbull Registrars of Voters require the
use of Middlebrook Elementary School,
Hillcrest Middle School, and Madison Middle
School on Tues., April 28, 2020, for the
Presidential Primary. Currently, that is a
student day of school for TPS; however, for
safety, security, and parking reasons, it is not
feasible to have school in session while voting
is taking place.
The Board is therefore asked to approve the
following adjustments to the Calendar to
allow the district to meet the need of
Registrars of Voters and to meet its legal
requirements for student and teacher days:
• Make Mon., March 23, 2020, currently a
Teacher Professional Development Day, a
regular student day; &
• Make Tues., April 28, 2020, currently a
regular student day, a Teacher
Professional Development Day.
There is no impact on any other element of
the Calendar.

Recommendation:

Discuss and approve:
• Revised 2019-2020 District Calendar

Trumbull Public Schools Calendar 2019-2020

*
^
>
<
&

No school
No school for students; teacher work day
Early closing for students and staff
Early closing for grades PK-5
Early closing for grades PK-8
Early closing for grades 6-8
Early closing for grades 9-12

M
1
8
15
22
29

JULY - 0 days
T
W TH
F
2
3
4
5
9 10 11 12
16 17 18 19
23 24 25 26
30 31

186 Teacher Days, 181 Student Days
SEPTEMBER - 19 days
M
T W TH F
2
3
4
5
6
9 10 11 12 13
16 17 18 19 20
23 24 25 26 27
30
2 Labor Day
30 Rosh Hashanah

FEBRUARY - 18 days
M
T W TH F
3
4
5
6
7
10 11 12 13 14
17 18 19 20 21
24 25 26 27 28

14 Long Weekend
17 Presidents' Day
14 Reserved as a "snow"
make-up day

OCTOBER - 21 days
M
T W TH F
1
2
3
4
7
8
9 10 11
14 15 16 17 18
21 22 23 24 25
28 29^ 30 31
9
14
29

Yom Kippur
Columbus Day
Afternoon Conf. PK-5

MARCH - 22 days
M
T W TH F
2
3
4 5&
6
9 10 11 12^ 13
16 17 18 19< 20
23 24 25 26 27
30 31
5
12
19

Aft/Eve Conf. 9-12
Aft/Eve Conf. PK-5
Aft/Eve Conf. 6-8

NOVEMBER - 18 days
M
T W TH F
1
4
5
6 7>
8
11 12 13 14^ 15
18 19 20< 21& 22
25 26 27* 28 29
5
Election Day, Teacher PD
7
Afternoon Conf. PK-8
14
Evening Conf. PK-5
20
Aft/Eve Conf. 6-8
21
Aft/Eve Conf. 9-12
28-29 Thanksgiving Recess
APRIL - 15 days
T W TH F
1
2
3
6
7
8
9 10
13 14 15 16 17
20 21 22 23 24
27 28 29 30
M

10
13-17
28

Good Friday
Vacation Week
Teacher PD Day

DECEMBER - 15 days
M
T
W TH
F
2
3
4
5
6
9 10 11 12 13
16 17 18 19 20*
23 24 25 26 27
30 31
23-31 Holiday Recess

M
4
11
18
25

MAY - 20 days
T
W TH
F
1
5
6
7
8
12 13 14 15
19 20 21 22
26 27 28 29

25 Memorial Day

BOE DRAFT REVISION
AUGUST - 2 days
T W TH F
1
2
5
6
7
8
9
12 13 14 15 16
19 20 21 22 23
26 27 28 29 30
23 New Teacher Orientation
26, 27, 28 Teacher PD Days
29 First Day for Students (full day)
JANUARY - 21 days
M
T W TH F
1
2
3
6
7
8
9 10
13 14 15 16 17
20 21 22 23 24
27 28 29 30 31
1 New Year's Day
20 Dr. Martin Luther King, Jr. Day

JUNE - 10 days
M
T W TH F
1
2
3
4
5
8
9 10 11 12
15 16 17 18 19
22 23 24 25 26
29 30
12 Planned last day of school
Last 2 days of school are early
closing for students.
15-23 Reserved as "snow"
make-up days

June 12 is the planned last day of school. Snow days, up to a maximum of 7, will be added to the end of the school year. If needed, an additional day will be
taken from the February Long Weekend: February 14. If an 8th day is needed, or if an additional day is needed after the February Long Weekend,
that day will be recovered on the March PD Day, which will be a legal day. Teachers will then attend one more day in June.

K-12 progress reporting periods, and report card dates, are maintained and updated on the TPS website: "Teaching & Learning," then "Assessment."
Printed: 1/21/2020

Approved by BOE: TBD

TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT
Report to the Board of Education
Regular Meeting – January 28, 2020

Mr. Ward

Agenda Item – III-E

Curriculum Committee Report
Curriculum Committee Meeting –
January 23, 2020

Recommendation:

Review and Discuss

TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT
Curriculum Committee
of the
Trumbull Board of Education
Special Meeting
Trumbull High School Main Office Conference Room
Thursday, January 23, 2020 – 9:45 a.m.
MINUTES
I.

Call to Order/Introduction – The meeting was called to order by Mr. Ward at 9:53 a.m.

Members present
M. Ward, chair
M. Petitti
L. Timpanelli
J. Budd, Ph.D., ex officio
Other
M. Guarino, Principal, Trumbull High School
T. Manuel, C-House Principal, Trumbull High School
T. Edwards, Science Department Chair, Trumbull High School
J. Curley, science teacher, Trumbull High School
R. Giroux, science teacher, Trumbull High School
B. Beaman, Coordinator of Special Education, Grade 9 – Post High School
M. Landin, special education teacher, Trumbull High School
II.

Public Comment – There was no Public Comment.

III.
IV.

Approval/Minutes – Regular Meeting 10/23/2019
Approval/Minutes – Special Meeting 11/21/2019
Ms. Timpanelli moved to approve the Minutes as presented. Ms. Petitti seconded the
motion. The motion was unanimously agreed to.

V.

New Business
b. Grade 10 Biology Curriculum Guide
Dr. Budd introduced Mr. Edwards as Chair of the Trumbull High Science
Department, who has in recent years led the development of many THS science
curricula aligned to the NGSS Standards. Ms. Petitti commended the work of Mr.
Edwards and the other science teachers in advancing science education in Trumbull,
as demonstrated through the results of the recent NGSS Assessment. Mr. Edwards

noted that the NGSS Standards provided a framework for sustained curriculum
development by the entire Department. Ms. Curley presented an overview of the
revisions to the Biology curriculum guide, including deeper investigation of key
topics. Mr. Ward asked whether the textbooks used for the course are sufficient, and
Mr. Edwards and Ms. Curley affirmed that they are. Mr. Ward moved to bring the
curriculum guide for the Board of Education for approval at its meeting scheduled for
January 28, 2020, and Ms. Petitti seconded. The motion was unanimously agreed to.
c. Grade 11 Chemistry Curriculum Guide
Ms. Giroux noted that the changes to the Chemistry curriculum guide, similarly,
represent deeper investigation of key topics, as well as some necessary rearrangement
of existing topics. Mr. Ward noted the importance of resources to support the learning
for all students. Mr. Ward moved to bring the curriculum guide for the Board of
Education for approval at its meeting scheduled for January 28, 2020, and Ms. Petitti
seconded. The motion was unanimously agreed to.
d. Advanced Placement Physics 1 Curriculum Guide
Mr. Edwards explained that the College Board’s presentation of the new AP Physics
1 program a few years back was the genesis for this new curriculum, which guides the
work of many students studying physics at Trumbull High. Ms. Timpanelli noted the
importance of professional development to support the learning of teachers of AP and
other courses. Mr. Ward moved to bring the curriculum guide for the Board of
Education for approval at its meeting scheduled for January 28, 2020, and Ms. Petitti
seconded. The motion was unanimously agreed to.
e. Advanced Placement UCONN Environmental Science Curriculum Guide
Mr. Edwards explained that the AP UCONN Environmental Science curriculum
guide matches current standards for the course. Ms. Petitti noted the relevance of the
topics to many learners. Mr. Ward moved to bring the curriculum guide for the Board
of Education for approval at its meeting scheduled for January 28, 2020, and Ms.
Petitti seconded. The motion was unanimously agreed to.
a. New Course Text Proposal: A Raisin in the Sun (Core: English 11-12)
Dr. Budd noted that this text continues the development of the English 11-12 selfcontained special education course. Mr. Landin discussed how A Raisin in the Sun
will support interdisciplinary connections to students’ United States History courses.
Ms. Timpanelli recognized the potential of drama for the learners in the course. Dr.
Budd noted that there is no budget impact of approving the text, as copies of it
(approved for a standard English course) already exist in the bookroom. Ms.
Timpanelli moved to bring the new course text proposal for A Raisin in the Sun to the
Board of Education for approval at its meeting scheduled for January 28, 2020, and
Ms. Petitti seconded. The motion was unanimously agreed to.
b. Report, Assistant Superintendent

Dr. Budd affirmed the ongoing work to revise STEM programming throughout the
district, and noted that upcoming meetings would include recently revised middle
school and elementary school science curricula.
Ms. Petitti moved to adjourn the meeting at 10:25 a.m.; Ms. Timpanelli seconded. The motion
was unanimously agreed to.

TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT

Report to the Board of Education
Regular Meeting – January 28, 2020

Dr. Budd

Agenda Item – III-E-1

Approval/New Course Text Proposal
Before any new textbook is approved for inclusion
in the Trumbull Public School program of studies, the
Curriculum Committee of the Board of Education
reviews its content and appropriateness. This
Committee, consisting of Board members Marie
Petitti, Lucinda Timpanelli, and Michael Ward, under
the coordination of Jonathan S. Budd, Ph.D.,
Assistant Superintendent, then makes its
recommendation to the full Board.
Based on the Curriculum Committee’s meeting on
January 23, 2020, the Board of Education is asked to
adopt a new core text for use at Trumbull High
School in the self-contained special education
English class English 11-12.
A Raisin in the Sun, set in an era and location that the
English 11-12 students explore in their United States
History course, offers rich opportunity for students to
explore multiple important interdisciplinary themes.

Recommendation:

Approve the following text:
A Raisin in the Sun

TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT
Report to the Board of Education
Regular Meeting – January 28, 2020

Dr. Budd

Agenda Item – III-E-2

Approval/Curriculum Guide
Before any new curriculum is approved for inclusion
in the Trumbull Public School program of studies, the
Curriculum Committee of the Board of Education
reviews its content and appropriateness. This
Committee, consisting of Board members Marie
Petitti, Lucinda Timpanelli, and Michael Ward, under
the coordination of Jonathan S. Budd, Ph.D.,
Assistant Superintendent, then makes its
recommendation to the full Board.
Based on the Curriculum Committee’s meeting on
January 23, 2020, the Board of Education will be
asked to adopt a new curriculum guide for use at
Trumbull High School for the 2019-20 school year,
as noted below.
Grade 10 Biology is aligned to the Next-Generation
Science Standards (NGSS); as students explore topics
in life sciences, they develop their ability to think
critically, engage in analysis, and effectively
communicate and defend their understandings like a
scientist or engineer.

Recommendation:

Approve the following curriculum guide:
Grade 10 Biology

TRUMBULL PUBLIC SCHOOLS
Trumbull, Connecticut

GRADE 10 BIOLOGY
Science Department
2020
(Last revision date: 2010)

Curriculum Writing Team
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The Trumbull Board of Education promotes non-discrimination in all of its programs, including
educational opportunities and services provided to students, student assignment to schools and
classes, and educational offerings and materials.

Grade 10 Biology

1

CORE VALUES AND BELIEFS
The Trumbull School Community engages in an environment conducive to learning which
believes that all students will read and write effectively, therefore communicating in an
articulate and coherent manner. All students will participate in activities that present problemsolving through critical thinking. Students will use technology as a tool applying it to decision
making. We believe that by fostering self-confidence, self-directed and student-centered
activities, we will promote independent thinkers and learners. We believe ethical conduct to
be paramount in sustaining the welcoming school climate that we presently enjoy.
Approved 8/26/2011

INTRODUCTION & PHILOSOPHY
Grade 10 Biology is consistent in the continued development of scientifically literate students.
Authentic scientific and engineering experiences build on one another and increase in complexity
throughout students’ K-12 education. In 2015, the Connecticut State Board of Education adopted
the Next-Generation Science Standards (NGSS), which embody the National Research Council’s
Framework for K-12 Science Education (2012). Both the Framework and the NGSS stress the
importance of teaching classroom scientific inquiry as practiced by scientists and engineers. The
Framework provides a vision for American science education in the 21st century, while the
NGSS provide grade-level student performance expectations, disciplinary core ideas, and
crosscutting concepts. The Framework and NGSS indicated a paradigm shift in science
education, one in which teachers are to incorporate authentic learning experiences for students
that reflect the nature of doing science and engineering.
The Framework and NGSS provide clarity to classroom scientific inquiry by stressing the
importance of the eight practices of science and engineering. The practices were designed to help
students understand how scientific knowledge develops, and to stimulate students’ interest in and
continued study of science. Three-dimensional learning facilitates student engagement with
Science and Engineering Practices and Crosscutting Concepts to deepen their understanding of
Disciplinary Core Ideas in order to explain phenomena and solve problems. Three-dimensional
learning promotes development of student skills in the following areas:
 Knowing, using, and interpreting scientific explanations of the natural world
(Disciplinary Core Ideas, and Crosscutting Concepts)
 Generating and evaluating scientific evidence and explanations (Science and Engineering
Practices)
 Participating productively in scientific practices and discourse (Science and Engineering
Practices)
 Understanding the nature and development of scientific knowledge (Science and
Engineering Practices, and Crosscutting Concepts)
The shift of science education reflects the interconnected nature of science as it is practiced in
the real world and builds coherently across grades K-12. The NGSS focus on deeper
understanding of content as well as application of content with an alignment to the Connecticut

Grade 10 Biology
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Core Standards. A deeper understanding and application of science and engineering practices
prepare students for postsecondary success and citizenship in a world fueled by innovations in
science and technology.
Most systems or processes depend at some level on physical and chemical subprocesses that
occur within, whether the system in question is a star, Earth’s atmosphere, a river, a bicycle, the
human brain, or a living cell. Large-scale systems often have emergent properties that cannot be
explained on the basis of atomic-scale processes; nevertheless, to understand the physical and
chemical basis of a system, one must ultimately consider the structure of matter at the atomic and
subatomic scales to discover how it influences the system’s larger-scale structures, properties,
and functions. Similarly, understanding a process at any scale requires awareness of the
interactions occurring – in terms of the forces between objects, the related energy transfers, and
their consequences. Biology has much in common with the other branches of science, but it also
includes a unique set of scientific pursuits. Inquiries into biology (e.g., macromolecules,
genetics, evolution, and ecology) have been pursued in part as a means of understanding the
unity and diversity among organisms and how organisms interact with each other and with the
nonliving components of the environment.
Grade 10 Biology is offered at three separate course levels: Honors, Advanced College
Preparatory (ACP), and College Preparatory (CP). All levels will explore each unit of study. The
courses are differentiated by pacing of curriculum, rigor of exploration, depth of content
knowledge, and the application of quantitative reasoning. The honors course will explore topics
with the greatest depth, most rigorous exploration, deepest study of content, and furthest
application of quantitative reasoning. More supports will be offered at the ACP course level,
with the most supports offered at the CP course level.

COURSE GOALS
The course goals derive from the 2013 Next-Generation Science Standards, the 2010
Connecticut Core Standards, and the ISTE (International Society for Technology in Education)
Technology Standards. Goals are listed specific to each unit in this curriculum guide, and
developed through unit lessons using the 5-E learning model (engage, explore, explain,
elaborate, evaluate) in order to encourage student engagement and foster metacognitive learning
strategies through a reflective process. An important role of science education is not to teach “all
the facts,” but rather to prepare students with sufficient core knowledge so that they can later
acquire additional information on their own.

COURSE ENDURING UNDERSTANDINGS
Students will understand that . . .
 The process of science helps biologists investigate how nature works at all levels, from
the molecules in cells to the biosphere.
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Cells are the basic unit of life; the processes that occur at the cellular level provide the
energy and basic structure organisms need to survive.



DNA is the universal code for life; it enables an organism to transmit hereditary
information and, along with the environment, determines an organism’s characteristics.



The human body is a complex system. The coordinated functions of its many structures
support life processes and maintain homeostasis.



The diversity of life is the result of ongoing evolutionary change. Species alive today
have evolved from ancient common ancestors.



The existence of life on earth depends on interactions among organisms and between
organisms and their environment.

COURSE ESSENTIAL QUESTIONS













What are the basic chemical principles that affect living things?
How do plants and other organisms capture, obtain, and store energy?
How does a cell produce a new cell?
How does a single undifferentiated cell lead to a complex multicellular organism?
What is the structure of DNA, and how does it function in genetic inheritance?
How do cells make proteins?
How can we use genetics to study human inheritance?
How do various body systems interact with each other and with the environment to maintain
homeostasis?
What are the four factors upon which the process of evolution is based?
How does natural selection lead to evolution?
How do biotic and abiotic factors shape ecosystems?
How have human activities shaped local and global ecology?

COURSE KNOWLEDGE & SKILLS
Students will understand . . .


Patterns. Observed patterns of forms and events guide organization and classification,
and they prompt questions about relationships and the factors that influence them.



Cause and effect: Mechanism and explanation. Events have causes, sometimes simple,
sometimes multifaceted. A major activity of science is investigating and explaining
causal relationships and the mechanisms by which they are mediated. Such mechanisms
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can then be tested across given contexts and used to predict and explain events in new
contexts.


Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what
is relevant at different measures of size, time, and energy and to recognize how changes
in scale, proportion, or quantity affect a system’s structure or performance.



Systems and system models. Defining the system under study – specifying its boundaries
and making explicit a model of that system – provides tools for understanding and testing
ideas that are applicable throughout science and engineering.



Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and
matter into, out of, and within systems helps one understand the systems’ possibilities
and limitations.



Structure and function. The way in which an object or living thing is shaped and its
substructure determine many of its properties and functions.



Stability and change. For natural and built systems alike, conditions of stability and
determinants of rates of change or evolution of a system are critical elements of study.

Students will be able to . . .


ask questions (for science) and define problems (for engineering).



develop and use models.



plan and carry out investigations.



analyze and interpret data.



use mathematics and computational thinking.



construct explanations (for science) and design solutions (for engineering).



engage in arguments from evidence.



obtain, evaluate, and communicate information.
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COURSE SYLLABUS
Course Name
Grade 10 Biology
Level
College-Preparatory, Advanced College-Preparatory, & Honors
Prerequisites
Successful completion of Grade 9 Integrated Physical Science
Materials Required
None
General Description of the Course
This course is aligned to the Next Generation Science Standards (NGSS) Disciplinary
Core Ideas for Grade 10. Through the implementation of the Three Dimensions of NGSS
(Disciplinary Core Ideas, Science and Engineering Practices and Cross Cutting
Concepts), students will explore topics in life sciences. Students will engage in the
Science and Engineering Practices throughout their studies in order to develop their
ability to think critically, engage in analysis, effectively communicate and defend their
understandings like a scientist or engineer. At the Honors level, algebraic reasoning and
independent discovery are expected; the CP level mirrors the ACP level with additional
guided inquiry.
Assured Assessments
Formative Assessments:
Formative assessments can include, but are not limited to:
 Questioning, discussion, and in-class activities (Unit 1)
 Vocab Magic (Units 2, 3, 6, 7)
 Photosynthesis/Respiration Check Up (Unit 2)
 Modeling activities (Units 3, 4)
 Body Systems Interaction Table (Unit 5)
 Endocrine Case Study (Unit 5)
Summative Assessments:
 End-of-unit assessment with multiple-choice questions (Unit 1)
 End-of-unit assessment with multiple-choice questions and interpreting and analyzing
data (Units 2, 3, 4, 5, 6, 7)
 Research and presentation on humans and Earth’s ecosystems (Unit 7)
 Midyear examination
 End-of-year examination
Core Texts
 Campbell Biology: Concepts & Connections. 8th ed. New York: Pearson, 2015. Print.
 Miller, Kenneth R., and Joseph S. Levine. Biology. New York: Pearson, 2014. Print.
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UNIT 1
Introduction to Biology
Unit Goals
At the completion of this unit, students will:


Be able to safely perform laboratory experiments in accordance with OSHA Lab Safety
and National Fire Code Standards.



Identify the characteristics required for determining if something is a living organism.

Unit Essential Questions



What is biology?
How do we safely perform experiments in the science laboratory?

Scope and Sequence





Lab safety
Characteristics of living things
Hierarchy of life
Basic chemistry, properties of water, and buffer systems [for Honors]

Assured Assessments
Formative Assessment:
 Questioning, group discussion, and in-class activities
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions related
to safety in the biology lab.
Resources
Core
 Flinn Scientific Safety Contract. Print.
 “Science Lab Safety.” https://www.youtube.com/watch?v=5g0hNM91iyg. Accessed
January 21, 2020. Web.
 “Buffers Lab.” [for Honors]
 “Characteristics of Living Things Stations and Web Activity.” Trumbull High School.
 “Chemistry Review Stations.” [for Honors]
 “Hierarchy of Life Card Sort.” Trumbull High School.
 “Properties of Water Stations.” [for Honors]

Grade 10 Biology

7

Supplemental
 “AGHS Lab Safety Rap.” https://www.youtube.com/watch?v=xJG0ir9nDtc. Accessed
January 21, 2020. Web.
 “Language of Biology.” Trumbull High School.
Time Allotment


Approximately two weeks
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UNIT 2
Biochemistry
Unit Goals
At the completion of this unit, students will:
NGSS.HS-LS1-6

Construct and revise an explanation based on evidence
for how carbon, hydrogen, and oxygen from sugar
molecules may combine with other elements to form
amino acids and/or other large carbon-based molecules.

NGSS.HS-LS1-5

Use a model to illustrate how photosynthesis transforms
light energy into stored chemical energy.

NGSS.HS-LS1-7

Use a model to illustrate that cellular respiration is a
chemical process whereby the bonds of food molecules
and oxygen molecules are broken and the bonds in new
compounds are formed, resulting in a net transfer of
energy.

CCS.ELA-Literacy.RST.9-10.3

Follow precisely a complex multistep procedure when
carrying out experiments, taking measurements, or
performing technical tasks, attending to special cases or
exceptions defined in the text.

CCS.5.MD.B

Represent and interpret data.

Science & Engineering
Practices
Developing and Using
Models:
 Use a model based on
evidence to illustrate the
relationships between
systems or between
components of a system.
(NGSS.HS-LS1-5,
NGSS.HS-LS1-7)
Constructing Explanations
and Designing Solutions:
 Construct and revise an
explanation based on valid
and reliable evidence
obtained from a variety of
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Disciplinary Core Ideas

Crosscutting Concepts

LS1.C: Organization for
Matter and Energy Flow in
Organisms:
 The process of
photosynthesis converts
light energy to stored
chemical energy by
converting carbon dioxide
plus water into sugars plus
released oxygen.
(NGSS.HS-LS1-5)
 The sugar molecules thus
formed contain carbon,
hydrogen, and oxygen:
their hydrocarbon
backbones are used to

Energy and Matter:
 Changes of energy and
matter in a system can be
described in terms of
energy and matter flows
into, out of, and within
that system. (NGSS.HSLS1-5, NGSS.HS-LS1-6)
 Energy cannot be created
or destroyed – it only
moves between one place
and another place, between
objects and/or fields, or
between systems.
(NGSS.HS-LS1-7)
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sources (including
students’ own
investigations, models,
theories, simulations, peer
review) and the
assumption that theories
and laws that describe the
natural world operate
today as they did in the
past and will continue to
do so in the future.
(NGSS.HS-LS1-6)

make amino acids and
other carbon-based
molecules that can be
assembled into larger
molecules (such as
proteins and DNA), used
for example to form new
cells. (NGGS.HS-LS1-6)
 As matter and energy flow
through different
organizational levels of
living systems, chemical
elements are recombined
in different ways to form
different products.
(NGSS.HS-LS1-6,
NGSS.HS-LS1-7)
 As a result of these
chemical reactions, energy
is transferred from one
system of interacting
molecules to another.
Cellular respiration is a
chemical process in which
the bonds of food
molecules and oxygen
molecules are broken and
new compounds are
formed that can transport
energy to muscles.
Cellular respiration also
releases the energy needed
to maintain body
temperature despite
ongoing energy transfer to
the surrounding
environment. (NGSS.HSLS1-7)

Unit Essential Questions





How do the major elements found in living things combine to form molecules?
How do producers convert light energy into stored chemical energy?
How is energy in living things released from chemical bonds?
What are the structures and functions of the four major types of macromolecules formed
by living things?
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Scope and Sequence





Dehydration synthesis & hydrolysis reactions
Categories of macromolecules (carbohydrates, lipids, proteins, nucleic acids)
o Structures and functions of the monomers and polymers
Photosynthesis
Cellular respiration

Assured Assessments
Formative Assessment:
 Vocab Magic: Macromolecules, Photosynthesis, and Cellular Respiration
 Photosynthesis/Respiration Check Up
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, and
interpreting and analyzing data, related to biochemistry.
Resources
Core
 Campbell Biology: Concepts & Connections. 8th ed. New York: Pearson, 2015. Print.
 Miller, Kenneth R., and Joseph S. Levine. Biology. New York: Pearson, 2014. Print.
 “Anchoring Phenomenon: Giant Sequoia Tree.” Trumbull High School.
 “Enzyme Lab: Catalase.” Trumbull High School.
 “Folding Paper Activity: Dehydration Synthesis/Hydrolysis.” Trumbull High School.
 “Food Analysis Lab.” Trumbull High School.
 Groleau, Rick. “Illuminating Photosynthesis.”
http://www.pbs.org/wgbh/nova/nature/photosynthesis.html?scrlybrkr=6825a367.
Accessed January 21, 2020. Web.
 “Photosynthesis Model & Gallery Walk.” Trumbull High School.
 “Story Line for Cellular Respiration.” Trumbull High School.
 “Vocab Magic: Biochemistry.” Trumbull High School.
Supplemental
 “ATP Modeling Activity.” Trumbull High School.
 “Cellular Respiration Lab.” Trumbull High School.
 Griffin, Robert D. The Biology Coloring Book. New York: Collins, 1986. Print. [for close
reading questions on leaf, photosynthesis, cell respiration]
 “Lego Bonding Activity.” Trumbull High School.
 “Lipids Exploration Station Activity.” Trumbull High School.
 “Lipids Modeling Activity Using Atomic Model Kits.” Trumbull High School.
[suggested for Honors]
 “Macronutrients You Are What You Eat Stations.” Trumbull High School.
 “Paper Models for Carbohydrates, Lipids, Proteins, & Nucleic Acids.” Trumbull High
School.
 “Photosynthesis Modeling Activity Using Atomic Model Kits.” Trumbull High School.
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Rohrig, Brian. “Carb Crazy.” ChemMatters October 2004: 6-8.
file:///C:/Users/jbudd/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bb
we/TempState/Downloads/carb-crazy%20(1).pdf. Accessed January 21, 2020. Web.
“Yeast Balloon Demonstration / Lab Activity.” Trumbull High School.

Time Allotment


Approximately five weeks
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UNIT 3
Cell Processes
Unit Goals
At the completion of this unit, students will:
NGSS.HS-LS1-1

Construct an explanation based on evidence for how the
structure of DNA determines the structure of proteins,
which carry out the essential functions of life through
systems of specialized cells.

NGSS.HS-LS1-4

Use a model to illustrate the role of cellular division
(mitosis) and differentiation in producing and maintain
complex organisms.

NGSS.HS-LS3-1

Ask questions to clarify relationships about the role of
DNA and chromosomes in coding the instructions for
characteristic traits passed from parents to offspring.

CCS.ELA-Literacy.RST.9-10.4

Determine the meaning of symbols, key terms, and
other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant
to grades 9-10 texts and topics.

CCS.5.MD.B

Represent and interpret data.

ISTE Computational Thinker
(Standard 5b)

Collect data or identify relevant data sets, use digital
tools to analyze them, and represent data in various
ways to facilitate problem-solving and decisionmaking.

Science & Engineering
Practices
Constructing Explanations
and Designing Solutions:
 Construct an explanation
based on valid and reliable
evidence obtained from a
variety of sources
(including students’ own
investigations, models,
theories, simulations, peer
review) and the
assumption that theories
and laws that describe the
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Disciplinary Core Ideas

Crosscutting Concepts

LS1.A: Structure and
Function:
 Systems of specialized
cells within organisms
help them perform the
essential functions of life.
(NGSS.HS-LS1-1)
 All cells contain genetic
information in the form of
DNA molecules. Genes
are regions in the DNA
that contain the

Structure and Function:
 Investigating or designing
new systems or structures
requires a detailed
examination of the
properties of different
materials, the structures of
different components, and
connections of
components to reveal its
function and/or solve a
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natural world operate
today as they did in the
past and will continue to
do so in the future.
(NGSS.HS-LS1-1)
Asking Questions and
Defining Problems:
 Ask questions that arise
from examining models or
a theory to clarify
relationships. (NGSS.HSLS3-1)
Developing and Using
Models:
 Use a model based on
evidence to illustrate the
relationships between
systems or between
components of a system.
(NGSS.HS-LS1-4)

instructions that code for
the formation of proteins,
which carry out most of
the work of cells.
(NGGS.HS-LS1-1)
LS1.B: Growth and
Development of Organisms:
 In multicellular organisms
individual cells grow and
then divide via a process
called mitosis, thereby
allowing the organism to
grow. The organism
begins as a single cell
(fertilized egg) that
divides successively to
produce many cells, with
each parent cell passing
identical genetic material
(two variants of each
chromosome pair) to both
daughter cells. Cellular
division and
differentiation produce
and maintain a complex
organism, composed of
systems of tissues and
organs that work together
to meet the needs of the
whole organism.
(NGSS.HS-LS1-4)

problem. (NGSS.HS-LS11)
Cause and Effect:
 Empirical evidence is
required to differentiate
between cause and
correlation and make
claims about specific
causes and effects.
(NGSS.HS-LS3-1)
Systems and System Models:
 Models (e.g., physical,
mathematical, computer
models) can be used to
simulate systems and
interactions – including
energy, matter, and
information flows – within
and between systems at
different scales.
(NGSS.HS-LS1-4)

LS3.A: Inheritance of Traits:
 Each chromosome
consists of a single very
long DNA molecule, and
each gene on the
chromosome is a
particular segment of that
DNA. The instructions for
forming species’
characteristics are carried
in DNA. All cells in an
organism have the same
genetic content, but the
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genes used (expressed) by
the cell may be regulated
in different ways. Not all
DNA codes for a protein;
some segments of DNA
are involved in regulatory
or structural functions,
and some have no as-yet
known function.
(NGSS.HS-LS3-1)
Unit Essential Questions








What is the structure and function of DNA?
How does DNA replication occur?
How does cell reproduction differ in prokaryotic versus eukaryotic cells?
What are the parts of the cell cycle?
How does a complex, multicellular organism develop from a single cell?
What happens during mitotic cell division?
How does the structure of DNA determine the structure of proteins?

Scope and Sequence






Cell cycle / Mitosis
o Cell cycle checkpoints and cancer [for Honors]
DNA structure/replication
o The structures and functions of the following enzymes: DNA polymerase, DNA
helicase, Primase, RNase H, SSBPs, Gyrase [for Honors]
Differentiation of cells to produce a multicellular organism
Protein synthesis

Assured Assessments
Formative Assessment:
 Vocab Magic: DNA Structure, Replication, Cell Cycle, Protein Synthesis
 Modeling activities for students to demonstrate their understanding of the structure and
replication of DNA
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, and
interpreting and analyzing data, related to DNA structure, replication, cell cycle, and
protein synthesis.
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Resources
Core
 Miller, Kenneth R., and Joseph S. Levine. Biology. New York: Pearson, 2014. Print.
 Amoeba Sisters. “Specialized Cells: Significance and Examples.”
https://www.youtube.com/watch?v=wNe6RuK0FfA. Accessed January 21, 2020. Web.
 “Anchoring Phenomenon: From Cell to Human.” Trumbull High School.
 “DNA Replication Tutorial.”
https://www.wiley.com/college/pratt/0471393878/student/animations/dna_replication/ind
ex.html. Accessed January 21, 2020. Web. [for Honors]
 “DNA Structure.” https://serendipstudio.org/sci_edu/waldron/#dna. Accessed January 21,
2020. Web.
 “Modeling DNA Using Pop Beads.” Trumbull High School.
 “Paper Model of DNA Replication.” Trumbull High School.
 “Vocab Magic: Cell Processes.” Trumbull High School.
Supplemental
 Amoeba Sisters. “Introduction to Cells: The Grand Cell Tour.
https://www.youtube.com/watch?v=8IlzKri08kk. Accessed January 21, 2020. Web. [for
review of cell functions]
 “Cell Reproduction Brainstorm.” Trumbull High School.
 “DNA Extraction – Strawberry.
https://www.biologycorner.com/worksheets/DNA_extraction.html. Accessed January 21,
2020. Web.
 “Mitosis Flip Book.” Trumbull High School.
 “Modeling Cell Cycle Petri Activity.” Trumbull High School.
 “Pasta Mitosis.” Trumbull High School.
Time Allotment


Approximately four weeks
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UNIT 4
Genetics
Unit Goals
At the completion of this unit, students will:
NGSS.HS-LS3-2

Make and defend a claim based on evidence that
inheritable genetic variations may result from (1) new
genetic combinations through meiosis, (2) viable errors
occurring during replication, and/or (3) mutations
caused by environmental factors.

NGSS.HS-LS3-3

Apply concepts of statistics and probability to explain
the variation and distribution of expressed traits in a
population.

CCS.ELA-Literacy.RST.9-10.1

Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise
detail of explanations or descriptions.

CCS.ELA-Literacy.RST.9-10.3

Follow precisely a complex multistep procedure when
carrying out experiments, taking measurements, or
performing technical tasks, attending to special cases or
exceptions defined in the text.

CCS.ELA-Literacy.RST.9-10.7

Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a
table or chart) and translate information expressed
visually or mathematically (e.g., in an equation) into
words.

CCS.MP.5

Use appropriate tools strategically.

CCS.5.MD.B

Represent and interpret data.

CCS.HSS-CP.B.9

Use permutations and combinations to compute
probabilities of compound events and solve problems.

ISTE Computational Thinker
(Standard 5b)

Collect data or identify relevant data sets, use digital
tools to analyze them, and represent data in various
ways to facilitate problem-solving and decisionmaking.

ISTE Creative Communicator
(Standard 6b)

Create original works or responsibly repurpose or remix
digital resources into new creations.

Grade 10 Biology

17

ISTE Creative Communicator
(Standard 6d)
Science & Engineering
Practices
Analyzing and Interpreting
Data:
 Apply concepts of
statistics and probability
(including determining
function fits to data, slope,
intercept, and correlation
coefficient for linear fits)
to scientific and
engineering questions and
problems, using digital
tools when feasible.
(NGSS.HS-LS3-3)
Engaging in Argument from
Evidence:
 Make and defend a claim
based on evidence about
the natural world that
reflects scientific
knowledge, and studentgenerated evidence.
(NGSS.HS-LS3-2)

Publish or present content that customizes the message
and medium for their intended audiences.
Disciplinary Core Ideas
LS3.B: Variation of Traits:
 In sexual reproduction,
chromosomes can
sometimes swap sections
during the process of
meiosis (cell division),
thereby creating new
genetic combinations and
thus more genetic
variation. Although DNA
replication is tightly
regulated and remarkably
accurate, errors do occur
and result in mutations,
which are also a source of
genetic variation.
Environmental factors can
also cause mutations in
genes, and viable
mutations are inherited.
(NGSS.HS-LS3-2)
 Environmental factors also
affect expression of traits,
and hence affect the
probability of occurrences
of traits in a population.
Thus the variation and
distribution of traits
observed depends on both
genetic and environmental
factors. (NGGS.HS-LS32, NHSS.HS-LS3-3)

Crosscutting Concepts
Cause and Effect:
 Empirical evidence is
required to differentiate
between cause and
correlation and make
claims about specific
causes and effects.
(NGSS.HS-LS3-2)
Scale, Proportion, and
Quantity:
 Algebraic thinking is used
to examine scientific data
and predict the effect of a
change in one variable on
another (e.g., linear growth
vs. exponential growth).
(NGSS.HS-LS3-3)
Science Is a Human
Endeavor:
 Technological advances
have influenced the
progress of science and
science has influenced
advances in technology.
(NGSS.HS-LS3-3)
 Science and engineering
are influenced by society
and society is influenced
by science and
engineering. (NGSS.HSLS3-3)

Unit Essential Questions






How are gametes produced?
Where does an organism get its unique characteristics?
How do crossing-over and independent assortment lead to genetic variation?
How can we use statistics and probability to predict traits?
What are the other modes of inheritance?

Grade 10 Biology

18





How is sex determined in humans?
What patterns of inheritance are seen in human blood types?
What are some of the major genetic disorders?

Scope and Sequence







Meiosis
Mendelian genetics
Non-Mendelian genetics (co-dominance, incomplete dominance, multiple alleles, sexlinked)
Karyotype
Pedigree
Genetic disorders

Assured Assessments
Formative Assessment:
 Modeling activities for students to demonstrate their understanding of meiosis and nonMendelian genetics
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, and
interpreting and analyzing data, related to meiosis, genetics, genetic disorders, and
pedigrees.
 Following Unit 4, students will participate in the midyear examination.
Resources
Core
 Miller, Kenneth R., and Joseph S. Levine. Biology. New York: Pearson, 2014. Print.
 “Baby Blood Typing Mystery.” Trumbull High School.
 “Introduction to Non-Mendelian Genetics.” Trumbull High School.
 “Karyotyping Analysis.” Trumbull High School.
 “Meiosis Modeling.” Trumbull High School.
 “Human Pedigree Analysis: Case Studies.” Trumbull High School.
 “Snurfle Meiosis and Genetics.”
https://biomanbio.com/HTML5GamesandLabs/Genegames/snurflemeiosishtml5page.htm
l. Accessed January 21, 2020. Web.
Supplemental
 Amoeba Sisters. “Punnett Squares and Sex-Linked Traits.”
https://www.youtube.com/watch?v=h2xufrHWG3E. Accessed January 21, 2020. Web.
 “Genetic Disorder Project.” Trumbull High School.
 “Genetics: Greatest Discoveries with Bill Nye.”
https://www.youtube.com/watch?v=kuFODX4VuAw. Accessed January 21, 2020. Web.
 “Harry Potter Pedigree.” Trumbull High School.
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“Mendel’s Peas Genetics: Experiments That Changed the World.”
https://www.youtube.com/watch?v=6NvESo3mG90. Accessed January 21, 2020. Web.

Time Allotment


Approximately five weeks
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UNIT 5
Body Systems & Homeostasis
Unit Goals
At the completion of this unit, students will:
NGSS.HS-LS1-2

Develop and use a model to illustrate the hierarchical
organization of interacting systems that provide specific
functions within multicellular organisms.

NGSS.HS-LS1-3

Plan and conduct an investigation to provide evidence
that feedback mechanisms maintain homeostasis.

ISTE Computational Thinker
(Standard 5b)

Collect data or identify relevant data sets, use digital
tools to analyze them, and represent data in various
ways to facilitate problem-solving and decisionmaking.

Science & Engineering
Practices
Developing and Using
Models:
 Develop and use a model
based on evidence to
illustrate the relationships
between systems or
between components of a
system. (NGSS.HS-LS1-2)

Disciplinary Core Ideas

LS1.A: Structure and
Function:
 Multicellular organisms
have a hierarchical
structural organization, in
which any one system is
made up of numerous
parts and is itself a
component of the next
Planning and Carrying Out
level. (NGSS.HS-LS1-2)
Investigations:
 Feedback mechanisms
maintain a living system’s
 Plan and conduct an
investigation individually
internal conditions within
and collaboratively to
certain limits and mediate
produce data to serve as
behaviors, allowing it to
the basis for evidence, and
remain alive and
in the design: decide on
functional even as external
types, how much, and
conditions change within
accuracy of data needed to
some range. Feedback
produce reliable
mechanisms can
measurements and
encourage (through
consider limitations on the
positive feedback) or
precision of the data (e.g.,
discourage (negative
number of trials, cost, risk,
feedback) what is going
time), and refine the design
on inside the living
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Crosscutting Concepts
Systems and System Models:
 Models (e.g., physical,
mathematical, computer
models) can be used to
simulate systems and
interactions – including
energy, matter, and
information flows – within
and between systems at
different scales.
(NGSS.HS-LS1-2)
Stability and Change:
 Feedback (negative or
positive) can stabilize or
destabilize a system.
(NGSS.HS-LS1-3)
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accordingly. (NGSS.HSLS1-3)

system. (NGGS.HS-LS13)

Scientific Investigations Use
a Variety of Methods:
 Scientific inquiry is
characterized by a
common set of values that
include: logical thinking,
precision, openmindedness, objectivity,
skepticism, replicability of
results, and honest and
ethical reporting of
findings. (NGSS.HS-LS-13)
Unit Essential Questions






What is homeostasis, and how does the body work to maintain homeostasis?
What are the functions of the nervous system, and how do the structures of this system
work to carry out these functions?
What is the endocrine system, and why is it essential for homeostasis?
How do negative and positive feedback systems work to maintain homeostasis within the
human body?
How do the other organ systems depend on each other?

Scope and Sequence









Hierarchy of living things [refresher]
Homeostasis and positive and negative feedback mechanisms
Nervous system structure and functions
o Divisions of the nervous system
o Parts of the brain
o Reflex arc
o Neurons
Endocrine system structure and function
o Pituitary, thyroid, pancreas, adrenal glands, ovaries, testes
o LH, FSH, TSH, insulin, glucagon, adrenaline, estrogen, testosterone, growth hormone
Connection of systems (endocrine, nervous, cardiovascular, respiratory, digestive) in
maintaining homeostasis
Dissection
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Assured Assessments
Formative Assessment:
 Body Systems Interactions Table
 Endocrine Case Study
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, and
interpreting and analyzing data, related to human body systems.
Resources
Core
 Miller, Kenneth R., and Joseph S. Levine. Biology. New York: Pearson, 2014. Print.
 “Body Systems Organizer and Homeostasis Modeling.” Trumbull High School.
 “Brain Hat.” Trumbull High School.
 “Divisions of the Central Nervous System Graphic Organizer.” Trumbull High School.
 “Endocrine Active Research and Exploration.” Trumbull High School.
 “Endocrine Case Studies.” Trumbull High School.
 “Endocrine System Introduction.” Trumbull High School.
 “Frog Dissection.” Trumbull High School.
 “Hierarchy of Living Things Card Sort Modeling.” Trumbull High School.
 “Homeostasis of the Eye Lab.” Trumbull High School.
 “Homeostasis Lab.” Trumbull High School. [response to exercise]
 “Introduction to Body Systems.” Trumbull High School.
 “Phineas Gage and the (Literally) Mind-Blowing History of Brain Science.”
https://www.youtube.com/watch?v=ec8vbbn1EgU. Accessed January 21, 2020. Web.
[anchoring phenomenon]
 “Reaction Rates Lab.” Trumbull High School.
Supplemental
 Amoeba Sisters. “Homeostasis and Negative/Positive Feedback.”
https://www.youtube.com/watch?v=Iz0Q9nTZCw4. Accessed January 21, 2020. Web.
 “Earthworm Dissection.” Trumbull High School.
 “Endocrine System Superhero Activity.” Trumbull High School. [suggested for CP]
 “Endocrine Yearbook.” Trumbull High School.
 “Neuron and Synapse Active Reading.” Trumbull High School.
 “Parts of the Brain Active Reading.” Trumbull High School.
 “Reflex Lab.” Trumbull High School.
 “Vocab Magic: Central vs. Peripheral.” Trumbull High School.
Time Allotment


Approximately six weeks
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UNIT 6
Evolution
Unit Goals
At the completion of this unit, students will:
NGSS.HS-ESS2-7

Construct an argument based on evidence about the
simultaneous coevolution of Earth’s systems and life on
Earth.

NGSS.HS-LS4-1

Communicate scientific information that common
ancestry and biological evolution are supported by
multiple lines of empirical evidence.

NGSS.HS-LS4-2

Construct an explanation based on evidence that the
process of evolution primarily results from four factors:
(1) the potential for a species to increase in number, (2)
the heritable genetic variation of individuals in a
species due to mutation and sexual reproduction, (3)
competition for limited resources, and (4) the
proliferation of those organisms that are better able to
survive and reproduce in the environment.

NGSS.HS-LS4-3

Apply concepts of statistics and probability to support
explanations that organisms with an advantageous
heritable trait tend to increase in proportion to
organisms lacking this trait.

NGSS.HS-LS4-4

Construct an explanation based on evidence for how
natural selection leads to adaptation of populations.

NGSS.HS-LS4-5

Evaluate the evidence supporting claims that changes in
environmental conditions may result in (1) increases in
the number of individuals of some species, (2) the
emergence of new species over time, and (3) the
extinction of other species.

ISTE Computational Thinker
(Standard 5b)

Collect data or identify relevant data sets, use digital
tools to analyze them, and represent data in various
ways to facilitate problem-solving and decisionmaking.
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Science & Engineering
Practices
Engaging in Argument from
Evidence:
 Construct an oral and
written argument or
counter-arguments based
on data and evidence.
(NGSS.HS-ESS2-7)
Applying and Interpreting
Data:
 Apply concepts of
statistics and probability
(including determining
function fits to data, slope,
intercept, and correlation
coefficient for linear fits)
to scientific and
engineering questions and
problems, using digital
tools when feasible.
(NGSS.HS-LS4-3)
Constructing Explanations
and Designing Solutions:
 Construct an explanation
based on valid and reliable
evidence obtained from a
variety of sources
(including students’ own
investigations, models,
theories, simulations, peer
review) and the
assumption that theories
and laws that describe the
natural world operate
today as they did in the
past and will continue to
do so in the future.
(NGSS.HS-LS-4-2,
NGSS.HS-LS4-4)
Engaging in Argument from
Evidence:
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Disciplinary Core Ideas

Crosscutting Concepts

ESS2.E: Biogeology
 The many dynamic and
delicate feedbacks
between the biosphere and
other Earth systems cause
a continual co-evolution
of Earth’s surface and the
life that exists on it.
(NGGS.HS-ESS2-7)

Stability and Change:
 Much of science deals
with constructing
explanations of how things
change and how they
remain stable. (NGSS.HSESS2-7)

Patterns:
 Different patterns may be
LS4.A: Evidence of Common
observed at each of the
Ancestry and Diversity:
scales at which a system is
 Genetic information
studied and can provide
provides evidence of
evidence for causality in
evolution. DNA sequences
explanations of
vary among species, but
phenomena. (NGSS.HSthere are many overlaps;
LS4-1, NGSS.HS-LS4-3)
in fact, the ongoing
branching that produces
Cause and Effect:
multiple lines of descent
 Empirical evidence is
can be inferred by
required to differentiate
comparing the DNA
between cause and
sequences of different
correlation and make
organisms. Such
claims about specific
information is also
causes and effects.
derivable from the
(NGSS.HS-LS4-2,
similarities and
NGSS.HS-LS4-4,
differences in amino acid
NGSS.HS-LS4-5)
sequences and from
anatomical and
Connections to Nature of
embryological evidence.
Science:
(NGSS.HS-LS4-1)
Scientific Knowledge
LS4.B: Natural Selection:
Assumes an Order and
 Natural selection occurs
Consistency in Natural
only if there is both (1)
Systems:
variation in the genetic
 Scientific knowledge is
information between
based on the assumption
organisms in a population
that natural laws operate
and (2) variation in the
today as they did in the
expression of that genetic
past and they will continue
information – that is, trait
to do so in the future.
variation – that leads to
(NGSS.HS-LS4-1,
differences in performance
NGSS.HS-LS4-4)
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 Evaluate the evidence
behind currently accepted
explanations or solutions
to determine the merits of
arguments. (NGSS.HSLS4-5)

among individuals.
(NGSS.HS-LS4-2,
NGSS.HS-LS4-3)
 The traits that positively
affect survival are more
likely to be reproduced,
and thus are more
common in the population.
(NGSS.HS-LS4-3)

Obtaining, Evaluating, and
Communicating Information:
 Communicate scientific
LS4.C: Adaptation:
information (e.g., about
phenomena and/or the
 Evolution is a
process of development
consequence of the
and the design and
interaction of four factors
performance of a proposed
(1) the potential for a
process or system) in
species to increase in
multiple formats (including
number, (2) the genetic
orally, graphically,
variation of individuals in
textually, and
a species due to mutation
mathematically).
and sexual reproduction,
(NGSS.HS-LS4-1)
(3) competition for an
environment’s limited
Connections to Nature of
supply of the resources
Science:
that individuals need in
order to survive and
Science Models, Laws,
reproduce, and (4) the
Mechanisms, and Theories
ensuing proliferation of
Explain Natural Phenomena:
those organisms that are
better able to survive and
 A scientific theory is a
reproduce in that
substantiated explanation
environment. (NGSS.HSof some aspect of the
LS4-2)
natural world, based on a
body of facts that have
 Natural selection leads to
been repeatedly confirmed
adaptation, that is, to a
through observation and
population dominated by
experiment and the science
organisms that are
community validates each
anatomically,
theory before it is
behaviorally, and
accepted. If new evidence
physiologically well suited
is discovered that the
to survive and reproduce
theory does not
in a specific environment.
accommodate, the theory is
That is, the differential
generally modified in light
survival and reproduction
of this new evidence.
of organisms in a
(NGSS.HS-LS4-1)
population that have an
advantageous heritable
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trait leads to an increase in
the proportion of
individuals in future
generations that have the
trait and to a decrease in
the proportion of
individuals that do not.
(NGSS.HS-LS4-3,
NGSS.HS-LS4-4)
 Adaptation also means
that the distribution of
traits in a population can
change when conditions
change. (NGSS.HS-LS43)
 Changes in the physical
environment, whether
naturally occurring or
human induced, have thus
contributed to the
expansion of some
species, the emergence of
new distinct species as
populations diverge under
different conditions, and
the decline – and
sometimes the extinction –
of some species.
(NGSS.HS-LS4-5)
 Species become extinct
because they can no
longer survive and
reproduce in their altered
environment. If members
cannot adjust to change
that is too fast or drastic,
the opportunity for the
species’ evolution is lost.
(NGSS.HS-LS4-5)
Unit Essential Questions



How has the evolution of Earth itself affected or influenced the evolution of living things
on planet Earth?
What is the importance of variation among organisms? How does this variation
contribute to the survival and success of a species?
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What scientific information supports common ancestry and biological evolution?
What are the four factors upon which the process of evolution is based?
How does natural selection lead to adaptations of populations?
How are new species formed?

Scope and Sequence











Introduction of evolution
Charles Darwin and Lamarck: Contributions to evolution
Evidence for evolution: Fossil record, homologous, analogous, vestigial structures, DNA
analysis, biochemistry, etc.
Four factors that drive evolution (Darwin’s postulates)
Natural selection vs. artificial selection
Adaptation (behavioral and physical)
Types of evolution (divergent, convergent, parallel, coevolution)
Phylogenic trees and cladograms
Coevolution of Earth’s systems and life on Earth
Hardy-Weinberg equilibrium [for Honors]

Assured Assessments
Formative Assessment:
 Vocab Magic: Evolution
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, and
interpreting and analyzing data, related to evolution.
Resources
Core
 Miller, Kenneth R., and Joseph S. Levine. Biology. New York: Pearson, 2014. Print.
 “Evidence for Evolution Group Research and Presentation.” Trumbull High School.
 “Evidence for Evolution Reinforcement.” Trumbull High School.
 “Evolution by Natural Selection.”
https://serendipstudio.org/exchange/waldron/naturalselection. Accessed January 21,
2020. Web.
 “Hunting the Nighttime Bacteria.” https://www.pbs.org/wgbh/frontline/film/hunting-thenightmare-bacteria/. Accessed January 21, 2020. Web.
 “Introduction to Evolution Brainstorm/Discussion.” Trumbull High School.
 National Geographic. One Strange Rock. https://onestrangerock.com/. Accessed January
21, 2020. Web.
 New York Institute of Technology. “Chimpanzee Feet Allow Scientists a New Grasp on
Human Foot Evolution.”
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https://www.nyit.edu/news/news_releases/chimpanzee_feet_allow_scientists_a_new_gras
p_on_human_foot_evolution. Accessed January 21, 2020. Web. [SAT-style article]
“One Strange Rock Viewing Guide.” Trumbull High School.
“Pepper Moths.” http://peppermoths.weebly.com/. Accessed January 21, 2020. Web.
Zimmer, Carl. “This Mutant Crayfish Clones Itself, and It’s Taking Over Europe.” New
York Times February 5, 2018. https://www.nytimes.com/2018/02/05/science/mutantcrayfish-clones-europe.html. Accessed January 21, 2020. Web. [SAT-style article]

Supplemental
 “Charles Darwin’s Beagle Library.” http://darwinonline.org.uk/BeagleLibrary/Beagle_Library_Introduction.htm. Accessed January 21,
2020. Web.
 “Charles Darwin’s Game of Survival: Who Wants to Live a Million Years?”
https://coolsciencelab.com/who_wants_to_live_a_million_years.htm. Accessed January
21, 2020. Web.
 “Evolution Mind Map.” [suggested for CP]
 “Human Change through Time Lab Activity.” Trumbull High School.
 “Introduction to Evolution with MRSA and Antibiotic Resistance.” Trumbull High
School.
 “Natural Selection Moth Data Collection.” Trumbull High School.
 “What Is the Evidence for Evolution?”
https://www.youtube.com/watch?v=lIEoO5KdPvg. Accessed January 21, 2020. Web.
 “Your Inner Fish (Episode 1).” https://www.youtube.com/watch?v=E8ttoKGxEKc.
Accessed January 21, 2020. Web.
Time Allotment


Approximately five weeks
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UNIT 7
Ecology and Human Impact
Unit Goals
At the completion of this unit, students will:
NGSS.HS-LS2-3

Construct and revise an explanation based on evidence
for the cycling of matter and flow of energy in aerobic
and anaerobic conditions.

NGSS.HS-LS2-4

Use mathematical representations to support claims for
the cycling of matter and flow of energy among
organisms in an ecosystem.

NGSS.HS-LS2-6

Evaluate claims, evidence, and reasoning that the
complex interactions in ecosystems maintain relatively
consistent numbers and types of organisms in stable
conditions, but changing conditions may result in a new
ecosystem.

NGSS.HS-LS2-8

Evaluate evidence for the role of group behavior on
individual and species’ chances to survive and
reproduce.

NGSS.HS-LS2-1

Use mathematical and/or computational representations
to support explanations of factors that affect carrying
capacity of ecosystems at different scales.

NGSS.HS-LS2-2

Use mathematical representations to support and revise
explanations based on evidence about factors affecting
biodiversity and populations in ecosystems of different
scales.

NGSS.HS-LS2-7

Design, evaluate, and refine a solution for reducing the
impacts of human activities on the environment and
biodiversity.

NGSS.HS-LS4-6

Create or revise a simulation to test a solution to
mitigate adverse impacts of human activity on
biodiversity.

NGSS.HS-ESS3-4

Evaluate or refine a technological solution that reduces
impacts of human activities on natural systems.
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NGSS.HS-ESS3-3

Create a computational simulation to illustrate the
relationships among the management of natural
resources, the sustainability of human populations, and
biodiversity.

NGSS.HS-LS2-5

Develop a model to illustrate the role of photosynthesis
and cellular respiration in the cycling of carbon among
the biosphere, atmosphere, hydrosphere, and geosphere.

CCS.ELA-Literacy.RST.9-10.1

Cite specific textual evidence to support analysis of
science and technical texts, attending to the precise
detail of explanations or descriptions.

ISTE Computational Thinker
(Standard 5b)

Collect data or identify relevant data sets, use digital
tools to analyze them, and represent data in various
ways to facilitate problem-solving and decisionmaking.

Science & Engineering
Practices
Developing and Using
Models:
 Develop a model based on
evidence to illustrate the
relationships between
systems or components of
a system. (NGSS.HS-LS25)
Using Mathematics and
Computational Thinking:
 Use mathematical and/or
computational
representations of
phenomena or design
solutions to support
explanations. (NGSS.HSLS2-1)
 Use mathematical
representations of
phenomena or design
solutions to support and
revise explanations.
(NGSS.HS-LS2-2)
 Use mathematical
representations of
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Disciplinary Core Ideas

Crosscutting Concepts

LS2.B: Cycles of Matter and
Energy Transfer in
Ecosystems:
 Photosynthesis and
cellular respiration
(including anaerobic
processes) provide most of
the energy for life
processes. (NGGS.HSLS2-3)
 Plants or algae form the
lowest level of the food
web. At each link upward
in a food web, only a
small fraction of the
matter consumed at the
lower level is transferred
upward, to produce
growth and release energy
in cellular respiration at
the higher level. Given
this inefficiency, there are
generally fewer organisms
at higher levels of a food
web. Some matter reacts
to release energy for life

Systems and System Models:
 Models (e.g., physical,
mathematical, computer
models) can be used to
simulate systems and
interactions – including
energy, matter, and
information flows – within
and between systems at
different scales.
(NGSS.HS-LS2-5)
Energy and Matter:
 Energy cannot be created
or destroyed – it only
moves between one place
and another place, between
objects and/or fields, or
between systems.
(NGSS.HS-LS2-4)
 Energy drives the cycling
of matter within and
between systems.
(NGSS.HS-LS2-3)
Cause and Effect:
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phenomena or design
solutions to support
claims. (NGSS.HS-LS2-4)
 Create or revise a
simulation of a
phenomenon, designed
device, process, or system.
(NGSS.HS-LS4-6)
 Create a computational
model or simulation of a
phenomenon, designed
device, process, or system.
(NGSS.HS-ESS3-3)
Constructing Explanations
and Designing Solutions:
 Construct and revise an
explanation based on valid
and reliable evidence
obtained from a variety of
sources (including
students’ own
investigations, models,
theories, simulations, peer
review) and the
assumption that theories
and laws that describe the
natural world operate
today as they did in the
past and will continue to
do so in the future.
(NGSS.HS-LS-2-3)
 Design, evaluate, and
refine a solution to a
complex real-world
problem, based on
scientific knowledge,
student-generated sources
of evidence, prioritized
criteria, and tradeoff
considerations.
(NGSS.HS-LS2-7)
 Design or refine a solution
to a complex real-world
problem, based on
scientific knowledge,
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functions, some matter is
stored in newly made
structures, and much is
discarded. The chemical
elements that make up the
molecules of organisms
pass through food webs
and into and out of the
atmosphere and soil, and
they are combined and
recombined in different
ways. At each link in an
ecosystem, matter and
energy are conserved.
(NGSS.HS-LS2-4)
 Photosynthesis and
cellular respiration are
important components of
the carbon cycle, in which
carbon is exchanged
among the biosphere,
atmosphere, oceans, and
geosphere through
chemical, physical,
geological, and biological
processes. (NGSS.HSLS2-5)
PS3.D: Energy in Chemical
Processes:
 The main way that solar
energy is captured and
stored on Earth is through
the complex chemical
process known as
photosynthesis.
(secondary to NGSS.HSLS2-5)
LS2.A: Interdependent
Relationships in Organisms:
 Ecosystems have carrying
capacities, which are
limits to the numbers of
organisms and populations
they can support. These

 Empirical evidence is
required to differentiate
between cause and
correlation and make
claims about specific
causes and effects.
(NGSS.HS-LS2-8,
NGSS.HS-LS4-6)
Scale, Proportion, and
Quantity:
 The significance of a
phenomenon is dependent
on the scale, proportion,
and quantity at which it
occurs. (NGSS.HS-LS2-1)
 Using the concept of
orders of magnitude
allows one to understand
how a model at one scale
relates to a model at
another scale. (NGSS.HSLS2-2)
Stability and Change:
 Much of science deals
with constructing
explanations of how things
change and how they
remain stable. (NGSS.HSLS2-6, NGSS.HS-LS2-7)
 Change and rates of
change can be quantified
and modeled over very
short or very long periods
of time. Some system
changes are irreversible.
(NGSS.HS-ESS3-3)
 Feedback (negative or
positive) can stabilize or
destabilize a system.
(NGSS.HS-ESS3-4)
Connections to Engineering,
Technology, and
Applications of Science:
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student-generated sources
of evidence, prioritized
criteria, and tradeoff
considerations.
(NGSS.HS-ESS3-4)
Engaging in Argument from
Evidence:
 Evaluate the claims,
evidence, and reasoning
behind currently accepted
explanations or solutions
to determine the merits of
arguments. (NGSS.HSLS2-6)
 Evaluate the evidence
behind currently accepted
explanations to determine
the merits of arguments.
(NGSS.HS-LS2-8)
Connections to Nature of
Science:
Scientific Knowledge Is
Open to Revision in Light of
New Evidence:
 Most scientific knowledge
is quite durable, but is, in
principle, subject to
change based on new
evidence and/or
reinterpretation of existing
evidence. (NGSS.HS-LS22, NGSS.HS-LS2-3)
 Scientific argumentation is
a mode of logical
discourse used to clarify
the strength of
relationships between
ideas and evidence that
may result in revision of
an explanation.
(NGSS.HS-LS2-6,
NGSS.HS-LS2-8)
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limits result from such
factors as the availability
of living and nonliving
resources and from such
challenges as predation,
competition, and disease.
Organisms would have the
capacity to produce
populations of great size
were it not for the fact that
environments and
resources are finite. This
fundamental tension
affects the abundance
(number of individuals) of
species in any given
ecosystem. (NGSS.HSLS2-1, NGSS.HS-LS2-2)
LS2.C: Ecosystem Dynamics,
Functioning, and Resilience:
 A complex set of
interactions within an
ecosystem can keep its
numbers and types of
organisms relatively
constant over long periods
of time under stable
conditions. If a modest
biological or physical
disturbance to an
ecosystem occurs, it may
return to its more or less
original status (i.e., the
ecosystem is resilient), as
opposed to becoming a
very different ecosystem.
Extreme fluctuations in
conditions or the size of
any population, however,
can challenge the
functioning of ecosystems
in terms of resources and
habitat availability.
(NGSS.HS-LS2-2,
NGSS.HS-LS2-6)

Influence of Engineering,
Technology, and Science on
Society and the Natural
World:
 Modern civilization
depends on major
technological systems.
(NGSS.HS-ESS3-3)
 Engineers continuously
modify these technological
systems by applying
scientific knowledge and
engineering design
practices to increase
benefits while decreasing
costs and risks.
(NGSS.HS-ESS3-4)
 New technologies can
have deep impacts on
society and the
environment, including
some that were not
anticipated. (NGSS.HSESS3-3)
Science Is a Human
Endeavor:
 Science is a result of
human endeavors,
imagination, and
creativity. (NGSS.HSESS3-3)
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 Moreover, anthropogenic
changes (induced by
human activity) in the
environment – including
habitat destruction,
pollution, introduction of
invasive species,
overexploitation, and
climate change – can
disrupt an ecosystem and
threaten the survival of
some species. (NGSS.HSLS2-7)
LS2.D: Social Interactions
and Group Behavior:
 Group behavior has
evolved because
membership can increase
the chances of survival for
individuals and their
genetic relatives.
(NGSS.HS-LS2-8)
LS4.C: Adaptation:
 Changes in the physical
environment, whether
naturally occurring or
human induced, have thus
contributed to the
expansion of some
species, the emergence of
new distinct species as
populations diverge under
different conditions, and
the decline – and
sometimes the extinction –
of some species.
(NGSS.HS-LS4-5)
 Species become extinct
because they can no
longer survive and
reproduce in their altered
environment. If members
cannot adjust to change
that is too fast or drastic,
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the opportunity for the
species’ evolution is lost.
(NGSS.HS-LS4-6)
LS4.D: Biodiversity and
Humans:
 Biodiversity is increased
by the formation of new
species (speciation) and
decreased by the loss of
species (extinction).
(secondary to NGSS.HSLS2-7)
 Humans depend on the
living world for the
resources and other
benefits provided by
biodiversity. But human
activity is also having
adverse impacts on
biodiversity through
overpopulation,
overexploitation, habitat
destruction, pollution,
introduction of invasive
species, and climate
change. Thus sustaining
biodiversity so that
ecosystem functioning and
productivity are
maintained is essential to
supporting and enhancing
life on Earth. Sustaining
biodiversity also aids
humanity by preserving
landscapes of recreational
or inspirational value.
(secondary to NGSS.HSLS2-7)
ETS1.B: Developing Possible
Solutions:
 When evaluating
solutions, it is important to
take into account a range
of constraints, including
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cost, safety, reliability,
and aesthetics, and to
consider social, cultural,
and environmental
impacts. (secondary to
NGSS.HS-LS2-7,
secondary to NGSS.HSLS4-6, secondary to
NGSS.HS-ESS3-4)
 Both physical models and
computers can be used in
various ways to aid in the
engineering design
process. Computers are
useful for a variety of
purposes, such as running
simulations to test
different ways of solving a
problem or to see which
one is most efficient or
economical; and in
making a persuasive
presentation to a client
about how a given design
will meet his or her needs.
(secondary to NGSS.HSLS4-6)
ESS3.C: Human Impacts on
Earth Systems:
 The sustainability of
human societies and the
biodiversity that supports
them requires responsible
management of natural
resources. (NGSS.HSESS3-3)
 Scientists and engineers
can make major
contributions by
developing technologies
that produce less pollution
and waste and that
preclude ecosystem
degradation. (NGSS.HSESS3-4)
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Unit Essential Questions








What are the major biogeochemical cycles, and why are these cycles essential in
ecosystems?
What is the relationship between energy and matter in an ecosystem?
What are the components of an ecosystem, and how are they interdependent?
How do biotic and abiotic factors interact within an ecosystem?
How do limiting factors affect the carrying capacity of ecosystems?
What is the role of group behavior on individuals’ and species’ chances to survive and
reproduce?
In what ways do human activities affect ecosystems?

Scope and Sequence











Biogeochemical cycles (carbon and nitrogen)
Food webs, food chains, and energy pyramids (10% rule)
GPP (Gross Primary Productivity) and NPP (Net Primary Productivity)
Population dynamics: Four factors that influence population growth, limiting factors,
carrying capacity, survivorship curves
Relationships in a community: Mutualism, commensalism, parasitism, predation, and
competition
Costs and benefits of group behavior: Flocking, herding, swarming, schooling
Ecological succession: Primary vs. secondary
Biodiversity: Invasive species, keystone species
Human impact on ecosystems and biodiversity: Climate change, bioaccumulation/
biomagnification, eutrophication, habitat destruction, invasive species
Designing and evaluating possible solutions to mitigate human impacts on biodiversity

Assured Assessments
Formative Assessment:
 Vocab Magic: Ecology
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, and
interpreting and analyzing data, related to ecology.
 Students will also research, and present their findings on, various ways humans impact
Earth’s ecosystems; they will then design a solution, using technology, to solve the
problem they have researched.
 Following Unit 7, students will participate in the end-of-year examination.
Resources
Core
 Miller, Kenneth R., and Joseph S. Levine. Biology. New York: Pearson, 2014. Print.
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“Analyzing Group Behavior.” Trumbull High School.
“Avril Gulf Tuna Population Simulation.”
https://sepuplhs.org/high/sgi/teachers/fishery_sim.html. Accessed January 21, 2020.
Web.
“Carbon/Nitrogen Cycle Diagrams Guided Questioning.” Trumbull High School.
“Energy Flow in an Ecosystem.” Trumbull High School.
Griffin, Robert D. The Biology Coloring Book. New York: Collins, 1986. Print. [for close
reading questions on food web, energy pyramid]
“Importance of Biodiversity and Invasive Species.” Trumbull High School.
“Introduction to Ecological Succession.” Trumbull High School.
“Lesson of the Kaibab.” Trumbull High School.
“Marine Energy Pyramid.” Trumbull High School.”
“Symbiotic Scenarios.” Trumbull High School.
“Turtle Case Study.” Trumbull High School.

Supplemental
 The Blue Planet: Coral Seas. https://www.enhancetv.com.au/video/the-blue-planet-coralseas/57189. Accessed January 21, 2020. Web.
 “Food Chains and Food Webs Webquest.”
http://www.harcourtschool.com/activity/food/pond_activity.html. Accessed January 21,
2020. Web.
 “Paramecium Population Virtual Lab.”
http://glencoe.mheducation.com/sites/dl/free/0078757134/383928/BL_04.html. Accessed
January 21, 2020. Web.
 “Popcorn/Lollipop Energy Pyramid Activity.” Trumbull High School.
 “Symbiotic Relationships Woods Walk.” Trumbull High School.
Time Allotment


Approximately seven weeks
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COURSE CREDIT
1.25 credits in science
One class period daily, plus laboratory, for a full year

ASSURED STUDENT PERFORMANCE RUBRICS




Trumbull High School School-Wide Writing Rubric (attached)
Trumbull High School School-Wide Problem-Solving Rubric (attached)
Trumbull High School School-Wide Independent Learning and Thinking Rubric (attached)
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39

Trumbull High School School-Wide Writing Rubric
Category/
Weight

Purpose
X_______

Exemplary
4
Student work:




Organization
X_______






Content
X_______




Use of
Language
X_______






Goal
3
Student work:

Establishes and
maintains a clear
purpose
Demonstrates an
insightful
understanding of
audience and task



Reflects sophisticated
organization throughout
Demonstrates logical
progression of ideas
Maintains a clear focus
Utilizes effective
transitions



Is accurate, explicit,
and vivid
Exhibits ideas that are
highly developed and
enhanced by specific
details and examples



Demonstrates excellent
use of language
Demonstrates a highly
effective use of
standard writing that
enhances
communication
Contains few or no
errors. Errors do not
detract from meaning
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Working Toward Goal
2
Student work:

Establishes and
maintains a purpose
Demonstrates an
accurate awareness
of audience and task




Reflects
organization
throughout
Demonstrates
logical progression
of ideas
Maintains a focus
Utilizes transitions



Is accurate and
relevant
Exhibits ideas that
are developed and
supported by details
and examples



Demonstrates
competent use of
language
Demonstrates
effective use of
standard writing
conventions
Contains few errors
Most errors do not
detract from
meaning














Needs Support
1-0
Student work:

Establishes a purpose
Demonstrates an
awareness of audience
and task



Reflects some
organization throughout
Demonstrates logical
progression of ideas at
times
Maintains a vague focus
May utilize some
ineffective transitions



May contain some
inaccuracies
Exhibits ideas that are
partially supported by
details and examples



Demonstrates use of
language
Demonstrates use of
standard writing
conventions
Contains errors that
detract from meaning















Does not establish a
clear purpose
Demonstrates
limited/no
awareness of
audience and task

Reflects little/no
organization
Lacks logical
progression of ideas
Maintains little/no
focus
Utilizes ineffective
or no transitions
Is inaccurate and
unclear
Exhibits limited/no
ideas supported by
specific details and
examples
Demonstrates
limited competency
in use of language
Demonstrates
limited use of
standard writing
conventions
Contains errors that
make it difficult to
determine meaning
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Trumbull High School School-Wide Problem-Solving Rubric
Category/
Weight

Exemplary
4

Goal
3

Working Toward
Goal
2

Needs Support
1-0

Understanding
X_______



Student demonstrates
clear understanding of
the problem and the
complexities of the
task



Student demonstrates
sufficient
understanding of the
problem and most of
the complexities of
the task



Student demonstrates
some understanding
of the problem but
requires assistance to
complete the task



Student demonstrates
limited or no
understanding of the
fundamental problem
after assistance with
the task

Research
X_______



Student gathers
compelling
information from
multiple sources
including digital, print,
and interpersonal



Student gathers
sufficient
information from
multiple sources
including digital,
print, and
interpersonal



Student gathers some
information from
few sources
including digital,
print, and
interpersonal



Student gathers
limited or no
information

Reasoning and
Strategies
X_______



Student demonstrates
strong critical thinking
skills to develop a
comprehensive plan
integrating multiple
strategies



Student demonstrates
sufficient critical
thinking skills to
develop a cohesive
plan integrating
strategies



Student
demonstrates some
critical thinking
skills to develop a
plan integrating
some strategies



Student demonstrates
limited or no critical
thinking skills and no
plan

Final Product
and/or
Presentation
X_______



Solution shows deep
understanding of the
problem and its
components
Solution shows
extensive use of 21stcentury technology
skills



Solution shows
sufficient
understanding of the
problem and its
components
Solution shows
sufficient use of 21stcentury technology
skills



Solution shows some
understanding of the
problem and its
components
Solution shows some
use of 21st-century
technology skills



Solution shows
limited or no
understanding of the
problem and its
components
Solution shows
limited or no use of
21st-century
technology skills
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Trumbull High School School-Wide
Independent Learning and Thinking Rubric
Category/
Weight

Exemplary
4

Goal
3

Working Toward
Goal
2

Needs Support
1-0

Proposal
X_______



Student demonstrates a
strong sense of
initiative by generating
compelling questions,
creating uniquely
original projects/work



Student demonstrates
initiative by
generating
appropriate
questions, creating
original
projects/work



Student
demonstrates some
initiative by
generating questions,
creating appropriate
projects/work



Student demonstrates
limited or no
initiative by
generating few
questions and creating
projects/work

Independent
Research &
Development
X_______



Student is analytical,
insightful, and works
independently to reach
a solution



Student is analytical,
and works
productively to reach
a solution



Student reaches a
solution with
direction



Student is unable to
reach a solution
without consistent
assistance

Presentation of
Final Product
X_______



Presentation shows
compelling evidence of
an independent learner
and thinker
Solution shows deep
understanding of the
problem and its
components
Solution shows
extensive and
appropriate application
of 21st-century skills



Presentation shows
clear evidence of an
independent learner
and thinker
Solution shows
adequate
understanding of the
problem and its
components
Solution shows
adequate application
of 21st-century skills



Presentation shows
some evidence of an
independent learner
and thinker
Solution shows some
understanding of the
problem and its
components
Solution shows some
application of 21stcentury skills



Presentation shows
limited or no
evidence of an
independent learner
and thinker
Solution shows
limited or no
understanding of the
problem and its
components
Solution shows
limited or no
application of 21stcentury skills
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Regular Meeting – January 28, 2020
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as noted below.
Grade 11 Chemistry is aligned to the NextGeneration Science Standards (NGSS); as students
explore the underlying submicroscopic interactions of
matter through the topics of general chemistry, they
develop their ability to make predictions, analyze
scientific data, and contribute to the greater scientific
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CORE VALUES AND BELIEFS
The Trumbull School Community engages in an environment conducive to learning which
believes that all students will read and write effectively, therefore communicating in an
articulate and coherent manner. All students will participate in activities that present problemsolving through critical thinking. Students will use technology as a tool applying it to decision
making. We believe that by fostering self-confidence, self-directed and student-centered
activities, we will promote independent thinkers and learners. We believe ethical conduct to
be paramount in sustaining the welcoming school climate that we presently enjoy.
Approved 8/26/2011

INTRODUCTION & PHILOSOPHY
Grade 11 Chemistry is consistent in the continued development of scientifically literate students,
with a concentration on matter, energy, and changes. Authentic scientific and engineering
experiences build on one another and increase in complexity throughout students’ K-12
education. In 2015, the Connecticut State Board of Education adopted the Next-Generation
Science Standards (NGSS), which embody the National Research Council’s Framework for K-12
Science Education (2012). Both the Framework and the NGSS stress the importance of teaching
classroom scientific inquiry as practiced by scientists and engineers. The Framework provides a
vision for American science education in the 21st century, while the NGSS provide grade-level
student performance expectations, disciplinary core ideas, and crosscutting concepts. The
Framework and NGSS indicated a paradigm shift in science education, one in which teachers are
to incorporate authentic learning experiences for students that reflect the nature of doing science
and engineering.
The Framework and NGSS provide clarity to classroom scientific inquiry by stressing the
importance of the eight practices of science and engineering. The practices were designed to help
students understand how scientific knowledge develops, and to stimulate students’ interest in and
continued study of science. Three-dimensional learning facilitates student engagement with
Science and Engineering Practices and Crosscutting Concepts to deepen their understanding of
Disciplinary Core Ideas in order to explain phenomena and solve problems. Three-dimensional
learning promotes development of student skills in the following areas:
 Knowing, using, and interpreting scientific explanations of the natural world
(Disciplinary Core Ideas, and Crosscutting Concepts)
 Generating and evaluating scientific evidence and explanations (Science and Engineering
Practices)
 Participating productively in scientific practices and discourse (Science and Engineering
Practices)
 Understanding the nature and development of scientific knowledge (Science and
Engineering Practices, and Crosscutting Concepts)
The shift of science education reflects the interconnected nature of science as it is practiced in
the real world and builds coherently across grades K-12. The NGSS focus on deeper
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understanding of content as well as application of content with an alignment to the Connecticut
Core Standards. A deeper understanding and application of science and engineering practices
prepare students for postsecondary success and citizenship in a world fueled by innovations in
science and technology.
In Grade 11 Chemistry, students will further explore many of the systems and processes of the
physical and chemical world by investigating the underlying submicroscopic interactions of
matter through the topics of general chemistry. By focusing on the changes in matter and energy,
scientifically literate students can use this deeper understanding to make predictions, analyze
scientific data, and contribute to the greater scientific community.
Grade 11 Chemistry is offered at three separate course levels: Honors, Advanced College
Preparatory (ACP), and College Preparatory (CP). All levels will explore each unit of study. The
courses are differentiated by pacing of curriculum, rigor of exploration, depth of content
knowledge, and the application of quantitative reasoning. The honors course will explore topics
with the greatest depth, most rigorous exploration, deepest study of content, and furthest
application of quantitative reasoning. More supports will be offered at the ACP course level,
with the most supports offered at the CP course level.

COURSE GOALS
The course goals derive from the 2013 Next-Generation Science Standards, the 2010
Connecticut Core Standards, and the ISTE (International Society for Technology in Education)
Technology Standards. Goals are listed specific to each unit in this curriculum guide, and
developed through unit lessons using the 5-E learning model (engage, explore, explain,
elaborate, evaluate) in order to encourage student engagement and foster metacognitive learning
strategies through a reflective process. An important role of science education is not to teach “all
the facts,” but rather to prepare students with sufficient core knowledge so that they can later
acquire additional information on their own.

COURSE ENDURING UNDERSTANDINGS
Students will understand that . . .
 Each atom has a charged substructure consisting of a nucleus, which is made of protons
and neutrons, surrounded by electrons. The periodic table orders elements horizontally by
the number of protons in the atom’s nucleus and places those with similar chemical
properties in columns. The repeating patterns of this table reflect patterns of outer
electron states. The structure and interactions of matter at the bulk scale are determined
by electrical forces within and between atoms. Stable forms of matter are those in which
the electric and magnetic field energy is minimized. A stable molecule has less energy,
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by an amount known as the binding energy, than the same set of atoms separated; one
must provide at least this energy in order to take the molecule apart.


Chemical processes, their rates, and whether or not energy is stored or released can be
understood in terms of the collisions of molecules and the rearrangements of atoms into
new molecules, with consequent changes in total binding energy (i.e., the sum of all bond
energies in the set of molecules) that are matched by changes in kinetic energy. In many
situations, a dynamic and condition-dependent balance between a reaction and the reverse
reaction determines the numbers of all types of molecules present.



The fact that atoms are conserved, together with knowledge of the chemical properties of
the elements involved, can be used to describe and predict chemical reactions. Chemical
processes and properties of materials underlie many important biological and geophysical
phenomena.



Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei,
involve changes in nuclear binding energies. The total number of neutrons plus protons
does not change in any nuclear process. Strong and weak nuclear interactions determine
nuclear stability and processes. Spontaneous radioactive decays follow a characteristic
exponential decay law. Nuclear lifetimes allow radiometric dating to be used to
determine the ages of rocks and other materials from the isotope ratios present.



Attraction and repulsion between electric charges at the atomic scale explain the
structure, properties, and transformations of matter, as well as the contact forces between
material objects. The strong and weak nuclear interactions are important inside atomic
nuclei – for example, they determine the patterns of which nuclear isotopes are stable and
what kind of decays occur for unstable ones.



Energy is a quantitative property of a system that depends on the motion and interactions
of matter and radiation within that system. That there is a single quantity called energy is
due to the fact that a system’s total energy is conserved, even as, within the system,
energy is continually transferred from one object to another and between its various
possible forms. At the macroscopic scale, energy manifests itself in multiple ways, such
as in motion, sound, light, and thermal energy. “Chemical energy” generally is used to
mean the energy that can be released or stored in chemical processes, and “electrical
energy” may mean energy stored in a battery or energy transmitted by electric currents.



Nuclear fusion processes in the center of the sun release the energy that ultimately
reaches Earth as radiation. The main way in which that solar energy is captured and
stored on Earth is through the complex chemical process known as photosynthesis. Solar
cells are human-made devices that likewise capture the sun’s energy and produce
electrical energy.



Electromagnetic radiation (e.g., radio, microwaves, light) can be modeled as a wave of
changing electric and magnetic fields or as particles called photons. The wave model is
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useful for explaining many features of electromagnetic radiation, and the particle model
explains other features. Quantum theory relates the two models.


Because a wave is not much disturbed by objects that are small compared with its
wavelength, visible light cannot be used to see such objects as individual atoms. When
light or longer wavelength electromagnetic radiation is absorbed in matter, it is generally
converted into thermal energy (heat). Shorter wavelength electromagnetic radiation
(ultraviolet, X-rays, gamma rays) can ionize atoms and cause damage to living cells.
Photovoltaic materials emit electrons when they absorb light of a high-enough frequency.



Atoms of each element emit and absorb characteristic frequencies of light, and nuclear
transitions have distinctive gamma ray wavelengths. These characteristics allow
identification of the presence of an element, even in microscopic quantities.



The abundance of liquid water on Earth’s surface and its unique combination of physical
and chemical properties are central to the planet’s dynamics. These properties include
water’s exceptional capacity to absorb, store, and release large amounts of energy;
transmit sunlight; expand upon freezing; dissolve and transport materials; and lower the
viscosities and melting points of rocks.



Global climate models incorporate scientists’ best knowledge of physical and chemical
processes and of the interactions of relevant systems. Current models predict that,
although future regional climate changes will be complex and varied, average global
temperatures will continue to rise. The outcomes predicted by global climate models
strongly depend on the amounts of human-generated greenhouse gases added to the
atmosphere each year and on the ways in which these gases are absorbed by the ocean
and the biosphere. Hence the outcomes depend on human behaviors as well as on natural
factors that involve complex feedbacks among Earth’s systems.



Global climate models are often used to understand the process of climate change
because these changes are complex and can occur slowly over Earth’s history. Though
the magnitudes of humans’ impacts are greater than they have ever been, so too are
humans’ abilities to model, predict, and manage current and future impacts. Through
computer simulations and other studies, important discoveries are still being made about
how the ocean, the atmosphere, and the biosphere interact and are modified in response to
human activities, as well as to changes in human activities. Thus science and engineering
will be essential both to understanding the possible impacts of global climate change and
to informing decisions about how to slow its rate and consequences – for humanity as
well as for the rest of the planet.

COURSE ESSENTIAL QUESTIONS



What is matter, and how is it organized?
How does the arrangement of subatomic particles affect the properties of matter?
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How does energy transfer in matter interactions?
How is the Earth influenced by natural and man-made factors?
How can submicroscale interactions be used to explain macroscopic observations?
How do scientists quantitatively relate particles of matter to other properties of matter?
How do intermolecular and intramolecular forces determine the properties of matter?
What determines the nature of a chemical reaction?

COURSE KNOWLEDGE & SKILLS
Students will understand . . .


Patterns. Observed patterns of forms and events guide organization and classification,
and they prompt questions about relationships and the factors that influence them.



Cause and effect: Mechanism and explanation. Events have causes, sometimes simple,
sometimes multifaceted. A major activity of science is investigating and explaining
causal relationships and the mechanisms by which they are mediated. Such mechanisms
can then be tested across given contexts and used to predict and explain events in new
contexts.



Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what
is relevant at different measures of size, time, and energy and to recognize how changes
in scale, proportion, or quantity affect a system’s structure or performance.



Systems and system models. Defining the system under study – specifying its boundaries
and making explicit a model of that system – provides tools for understanding and testing
ideas that are applicable throughout science and engineering.



Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and
matter into, out of, and within systems helps one understand the systems’ possibilities
and limitations.



Structure and function. The way in which an object or living thing is shaped and its
substructure determine many of its properties and functions.



Stability and change. For natural and built systems alike, conditions of stability and
determinants of rates of change or evolution of a system are critical elements of study.

Students will be able to . . .


ask questions (for science) and define problems (for engineering).



develop and use models.
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plan and carry out investigations.



analyze and interpret data.



use mathematics and computational thinking.



construct explanations (for science) and design solutions (for engineering).



engage in arguments from evidence.



obtain, evaluate, and communicate information.
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COURSE SYLLABUS
Course Name
Grade 11 Chemistry
Level
College-Preparatory, Advanced College-Preparatory, & Honors
Prerequisites
Successful completion of Grade 10 Biology
Materials Required
None
General Description of the Course
This course is aligned to the Next Generation Science Standards (NGSS) Disciplinary
Core Ideas for Grade 11. Through the implementation of the Three Dimensions of NGSS
(Disciplinary Core Ideas, Science and Engineering Practices and Cross Cutting
Concepts), students will further explore many of the systems and processes of the
physical and chemical world by investigating the underlying submicroscopic interactions
of matter through the topics of general chemistry. By focusing on the changes in matter
and energy, scientifically literate students can use this deeper understanding to make
predictions, analyze scientific data, and contribute to the greater scientific community. At
the Honors level, algebraic reasoning and independent discovery are expected; the CP
level mirrors the ACP level with additional guided inquiry.
Assured Assessments
Formative Assessments:
Formative assessments can include, but are not limited to:
 Individual and group lists of safety lessons learned (Unit 1)
 Construction of models (Unit 2)
 Lab activities (Units 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13)
 Creation of a periodic table (Unit 6)
 Covalent bonding model kit activity (Unit 7)
 Data collection and analysis (Units 8, 9, 13)
Summative Assessments:
 End-of-unit assessment with multiple-choice questions (Unit 1)
 End-of-unit assessment with multiple-choice questions, free-response questions, and
interpreting and analyzing data (Units 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13)
 Midyear examination
 End-of-year examination
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Core Texts
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
 University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Accessed January 21, 2020. Web.
 Uranium: Twisting the Dragon’s Tail. Dir. Wain Fimeri, PBS, 2015. Film.
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UNIT 1
Introduction to the Chemistry Laboratory
Unit Goal
At the completion of this unit, students will:
 Be able to safely perform laboratory experiments in accordance with OSHA Lab Safety
and National Fire Code Standards.
Unit Essential Question


How do we safely perform experiments in the science laboratory?

Scope and Sequence






Common lab equipment
Lab techniques
Lab safety rules
Locations and use of safety equipment
Safety Data Sheets

Assured Assessments
Formative Assessment:
 Individual and group lists of safety lessons learned from Calais Weber (or similar) story
 Bunsen burner explanation and ignition
 Activity using Safety Data Sheets to determine an unknown substance
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions related
to safety in the chemistry lab. Students must score a 100% on the assessment before
performing a lab experiment in the classroom.
Resources
Core
 Flinn Scientific Safety Contract. Print.
 Flinn Scientific Safety Data Sheets. https://www.flinnsci.com/sds/. Accessed January 21,
2020. Web.
Supplemental
 After the Rainbow.
https://www.bing.com/videos/search?q=youtube+after+the+rainbow&view=detail&mid=
F8646A3D7B5AC00206D1F8646A3D7B5AC00206D1&FORM=VIRE. Accessed
January 21, 2020. Web.
Time Allotment


Approximately one week
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UNIT 2
Studying Matter
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-2

Construct and revise an explanation for the outcome of
a simple chemical reaction based on the outermost
electron states of atoms, trends in the periodic table,
and knowledge of the patterns of chemical properties.

NGSS.HS-PS1-7

Use mathematical representations to support the claim
that atoms, and therefore mass, are conserved during a
chemical reaction.

NGSS.HS-PS3-2

Develop and use models to illustrate that energy at the
macroscopic scale can be accounted for as a
combination of energy associated with the motion of
particles (objects) and energy associated with the
relative position of particles (objects).

CCS.ELA-Literacy.RST.11-12.3

Follow precisely a complex multistep procedure when
carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results
based on explanations in the text.

CCS.ELA-Literacy.RST.11-12.4

Determine the meaning of symbols, key terms, and
other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant
to grades 11-12 texts and topics.

ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Empowered Learner
(Standard 1d)

Understand the fundamental concepts of technology
operations, demonstrate the ability to choose, use, and
troubleshoot current technologies, and be able to
transfer their knowledge to explore emerging
technologies.

ISTE Creative Communicator
(Standard 6a)

Choose the appropriate platforms and tools for meeting
the desired objectives of their creation or
communication.
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Unit Essential Questions






How are properties of matter used to classify matter?
What distinguishes a physical property from a chemical property?
What distinguishes a physical change from a chemical change?
How can particles of matter be represented?
How can properties be used to identify a sample of matter?

Scope and Sequence
1.
2.
3.
4.
5.

Classifications of matter
Physical versus chemical properties and changes
States of matter
Mixtures versus pure substances
Particle pictures

Assured Assessments
Formative Assessment:
 Construction of models to demonstrate understanding on the microscopic level
 Lab activity differentiating chemical from physical properties/changes
 Lab activity based on methods of separating a mixture
 Qualitative analysis lab activity
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to matter.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
Supplemental
 Modeling kits
 Online interactive review and reinforcement questions
Time Allotment


Approximately three weeks

Grade 11 Chemistry

12

UNIT 3
Atomic Structure and the Mole
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-1

Use the periodic table as a model to predict the relative
properties of elements based on the patterns of electrons
in the outermost energy level of atoms.

NGSS.HS-PS1-2

Construct and revise an explanation for the outcome of
a simple chemical reaction based on the outermost
electron states of atoms, trends in the periodic table,
and knowledge of the patterns of chemical properties.

NGSS.HS-PS1-7

Use mathematical representations to support the claim
that atoms, and therefore mass, are conserved during a
chemical reaction.

CCS.ELA-Literacy.RST.11-12.4

Determine the meaning of symbols, key terms, and
other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant
to grades 11-12 texts and topics.

CCS.ELA-Literacy.RST.11-12.9

Synthesize information from a range of sources (e.g.,
texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept,
resolving conflicting information when possible.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, including the anchoring event of
the unit, developing ideas and theories and pursuing
answers and solutions.

Unit Essential Questions





What defines an atom?
How are elements identified and represented?
What factors make one element different from another?
How can scientists quantitatively represent groups of atoms?

Scope and Sequence
1. Subatomic particles
2. Periodic table and element symbolization
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3. Nuclear pull
4. Mole-Mass relationships
5. Dimensional analysis
Assured Assessments
Formative Assessment:
 Lab activity based on scientists’ use of the mole to quantify very small things like atoms
and molecules
 Lab activity analyzing the law of conservation of matter
 Lab activity calculating mole-mass conversions
 Lab activity interpreting chemical equations with the mole
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to atomic structure and
the mole.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
 University of Colorado Boulder. PhET Interactive Simulations: Build an Atom.
https://phet.colorado.edu/en/simulation/build-an-atom. Accessed January 21, 2020. Web.
Supplemental
 Online interactive review and reinforcement questions
 NOVA. Hunting the Elements. https://www.pbs.org/wgbh/nova/video/hunting-theelements. Accessed January 21, 2020. Web.
 “Starstruck.”
Time Allotment


Approximately three weeks
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UNIT 4
Nuclear Chemistry
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-8

Develop models to illustrate the changes in the
composition of the nucleus of the atom and the energy
released during the processes of fission, fusion, and
radioactive decay.

CCS.ELA-Literacy.RST.11-12.7

Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g.,
quantitative data, video, multimedia) in order to address
a question or solve a problem.

CCS.ELA-Literacy.RST.11-12.8

Evaluate the hypotheses, data, analysis, and conclusions
in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions
with other sources of information.

ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Empowered Learner
(Standard 1d)

Understand the fundamental concepts of technology
operations, demonstrate the ability to choose, use, and
troubleshoot current technologies, and be able to
transfer their knowledge to explore emerging
technologies.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, developing ideas and theories and
pursuing answers and solutions.

ISTE Innovative Designer
(Standard 4d)

Exhibit a tolerance for ambiguity, perseverance, and the
capacity to work with open-ended problems.

Unit Essential Questions





What are the differences between nuclear reactions and chemical reactions?
What happens to atoms during nuclear decay?
What are the characteristics of alpha, beta, and gamma radiation?
How can a nuclide’s half-life be used to determine the amount remaining over time, and
how can half-life indicate the age of once-living artifacts?
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What are benefits of and drawbacks from the use of nuclear energy in society?
What are the differences between nuclear fission and fusion?
How do nuclear power plants generate electricity?

Scope and Sequence
1. Early understanding and discovery of radiation
2. Isotype stability
3. Radioactive decay
4. Types of radiation
5. Fission and fusion reactions
6. Nuclear weapons
7. Nuclear power
8. Ionizing radiation
9. Half-life and carbon dating
10. Applications of radiation
Assured Assessments
Formative Assessment:
 Lab activity based on half-life and radiometric dating
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to nuclear chemistry.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
 Uranium: Twisting the Dragon’s Tail. Dir. Wain Fimeri, PBS, 2015. Film.
Supplemental
 Activity to evaluate personal perception of risk compared to the risk of exposure to
radiation
 Activity to investigate applications of nuclear chemistry
 Lab activity on applications of nuclear reactions
 Marder, Jenny. “Mechanics of a Nuclear Meltdown Explained.” Science March 15, 2011.
https://www.pbs.org/newshour/science/mechanics-of-a-meltdown-explained. Accessed
January 21, 2020. Web.
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Weatherall, Steve. “Radioactivity: Expect the Unexpected.”
https://www.youtube.com/watch?v=TJgc28csgV0. Accessed January 21, 2020. Web.
“Learning the Facts about Artifacts.”
“The Death of Alexander Litvenenko.”

Time Allotment


Approximately four weeks
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UNIT 5
Electrons
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-1

Use the periodic table as a model to predict the relative
properties of elements based on the patterns of electrons
in the outermost energy level of atoms.

NGSS.HS-PS1-2

Construct and revise an explanation for the outcome of
a simple chemical reaction based on the outermost
electron states of atoms, trends in the periodic table,
and knowledge of the patterns of chemical properties.

NGSS.HS-PS1-3

Plan and conduct an investigation to gather evidence to
compare the structure of substances at the bulk scale to
infer the strength of electrical forces between particles.

NGSS.HS-PS4-3

Evaluate the claims, evidence, and reasoning behind the
idea that electromagnetic radiation can be described
either by a wave model or a particle model, and that for
some situations one model is more useful than the
other.

NGSS.HS-PS4-4

Evaluate the validity and reliability of claims in
published materials of the effects that different
frequencies of electromagnetic radiation have when
absorbed by matter.

NGSS.HS-PS4-5

Communicate technical information about how some
technological devices use the principles of wave
behavior and wave interactions with matter to transmit
and capture information and energy.

NGSS.HS-ESS1-2

Construct an explanation of the Big Bang theory based
on astronomical evidence of light spectra, motion of
distant galaxies, and composition of matter in the
universe.

CCS.ELA-Literacy.RST.11-12.8

Evaluate the hypotheses, data, analysis, and conclusions
in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions
with other sources of information.
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ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, developing ideas and theories and
pursuing answers and solutions.

ISTE Innovative Designer
(Standard 4d)

Exhibit a tolerance for ambiguity, perseverance, and the
capacity to work with open-ended problems.

ISTE Computational Thinker
(Standard 5c)

Break problems into component parts, extract key
information, and develop descriptive models to
understand complex systems or facilitate problemsolving.

Unit Essential Questions










How does an atom’s electron configuration affect its chemical properties?
What is the relationship between an element’s electron configuration and its valence
shell?
What is the significance of core electrons versus valence electrons, and how can that be
represented?
What patterns exist in atoms’ radii on different groups and periods of the periodic table?
How is an element’s electron configuration affected by its need for stability?
What happens to electrons when energy is added?
How are energy, wavelength, and frequency of waves related?
How can a flame test be used to identify elements?
What are the parts of the electromagnetic spectrum?

Scope and Sequence
1.
2.
3.
4.
5.
6.
7.
8.
9.

Electron configurations and orbital diagrams
Valence electrons and stability
Lewis dot diagrams
Ground state and excited states
Absorption and emission
Color and energy
Wavelength, frequency, energy
Emission and absorption spectra
Flame test
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Assured Assessments
Formative Assessment:
 Lab activity investigating relationships among color, wavelength, and relative amounts of
absorbed energy
 Lab activity using a flame test to analyze data and identify an unknown
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to electrons.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
Supplemental
 De Antonis, Kathy. “Fireworks!” ChemMatters October 2010: 8-10.
file:///C:/Users/jbudd/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bb
we/TempState/Downloads/chemmatters-oct2010-fireworks%20(1).pdf. Accessed January
21, 2020. Web.
 Lab activity to investigate how ions and ionic compounds are formed
 University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Accessed January 21, 2020. Web.
[for modeling waves]
Time Allotment


Approximately three weeks
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UNIT 6
The Periodic Table
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-1

Use the periodic table as a model to predict the relative
properties of elements based on the patterns of electrons
in the outermost energy level of atoms.

NGSS.HS-PS1-2

Construct and revise an explanation for the outcome of
a simple chemical reaction based on the outermost
electron states of atoms, trends in the periodic table,
and knowledge of the patterns of chemical properties.

NGSS.HS-PS1-3

Plan and conduct an investigation to gather evidence to
compare the structure of substances at the bulk scale to
infer the strength of electrical forces between particles.

NGSS.HS-ESS3-1

Construct an explanation based on evidence for how the
availability of natural resources, occurrence of natural
hazards, and changes in climate have influenced human
activity.

NGSS.HS-ESS3-4

Evaluate or refine a technological solution that reduces
impacts of human activities on natural systems.

ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, including the anchoring event of
the unit, developing ideas and theories and pursuing
answers and solutions.

Unit Essential Questions




How is the periodic table organized?
How can physical and chemical properties be predicted and explained based on periodic
table location?
How can the periodic law be used to select materials to meet societal needs?
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Scope and Sequence
1.
2.
3.
4.
5.
6.

Periods and groups
Periodic law
Atomic and ionic size trend
Reactivity trend
Ionization energy and trend [for Honors & ACP]
Electronegativity and trend [for Honors & ACP]

Assured Assessments
Formative Assessment:
 Activity creating a periodic table
 Lab activity exploring periodic trends
 Lab activity investigating alloys
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to the periodic table.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
Supplemental
 Lab activity based on properties of metals and nonmetals
 NOVA. Hunting the Elements. https://www.pbs.org/wgbh/nova/video/hunting-theelements. Accessed January 21, 2020. Web.
 “Activity: From Mine to Mobile.”
 “Secrets of the Super Elements.”
 “TBQ: The Nature of Things.”
Time Allotment


Approximately two weeks
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UNIT 7
Bonding: Intramolecular Attraction
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-2

Construct and revise an explanation for the outcome of
a simple chemical reaction based on the outermost
electron states of atoms, trends in the periodic table,
and knowledge of the patterns of chemical properties.

NGSS.HS-PS1-3

Plan and conduct an investigation to gather evidence to
compare the structure of substances at the bulk scale to
infer the strength of electrical forces between particles.

NGSS.HS-PS1-4

Develop a model to illustrate that the release or
absorption of energy from a chemical reaction system
depends upon the changes in total bond energy.

ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, including the anchoring event of
the unit, developing ideas and theories and pursuing
answers and solutions.

Unit Essential Questions




Why do most atoms form chemical bonds while a few do not?
How can the positions of elements on the periodic table be used to predict how they form
compounds with other elements?
How are ionic and covalent bonds formed, and how does the bond type influence the
properties of compounds?

Scope and Sequence
1.
2.
3.
4.
5.

Octet Rule and valence electrons
Ion formation and electrostatic attraction between ions
Naming and writing formulas for ionic compounds
Naming and writing formulas for covalent compounds
Drawing molecules with the appropriate shape
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6. Differences in properties of atoms, ionically bonded compounds, and covalently bonded
compounds
7. Determining percent composition and empirical formulas [for Honors]
Assured Assessments
Formative Assessment:
 Lab activity forming ionic compounds
 Lab activity identifying a hydrate [for Honors]
 Covalent bonding model kit activity
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to bonding.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
 University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Accessed January 21, 2020. Web.
[for online molecule simulations]
Supplemental
 Lab activity making esters
 Speed Match: Practice with Ionic Names/Formulas.”
 “TBQ: How Does Your Nose Know?”
 “TBQ: Paintball.”
Time Allotment


Approximately three weeks
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UNIT 8
Intermolecular Forces
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-2

Construct and revise an explanation for the outcome of
a simple chemical reaction based on the outermost
electron states of atoms, trends in the periodic table,
and knowledge of the patterns of chemical properties.

NGSS.HS-PS1-3

Plan and conduct an investigation to gather evidence to
compare the structure of substances at the bulk scale to
infer the strength of electrical forces between particles.

NGSS.HS-PS3-2

Develop and use models to illustrate that energy at the
macroscopic scale can be accounted for as a
combination of energy associated with the motion of
particles (objects) and energy associated with the
relative position of particles (objects).

NGSS.HS-ESS3-1

Construct an explanation based on evidence for how the
availability of natural resources, occurrence of natural
hazards, and changes in climate have influenced human
activity.

NGSS.HS-ESS3-5

Analyze geoscience data and the results from global
climate models to make an evidence-based forecast of
the current rate of global or regional climate change and
associated future impacts to Earth’s systems.

NGSS.HS-ESS3-6

Use a computational representation to illustrate the
relationships among Earth systems and how those
relationships are being modified due to human activity.

ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, including the anchoring event of
the unit, developing ideas and theories and pursuing
answers and solutions.
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Unit Essential Questions









How do electronegativity and molecular shape determine the polarity of a molecule?
How do the type of bond and the polarity of a molecule determine the interactions
between neighboring molecules, the characteristics of different substances, and the
formation of solutions?
What properties make water essential for life on planet Earth?
How is the level of CO2 dissolved in the ocean affected by climate change, and what
impact does this have on Earth’s systems?
How can the energy involved in changes in state be quantified and expressed graphically?
How does the melting of land ice perpetuate a forward feedback loop that contributes to
climate change?
How does changing the albedo of glaciers affect the sea level?

Scope and Sequence
1. Electronegativity values and determination of bond type
2. Polarity of bonds
3. Polarity of molecules
4. Intermolecular forces between neighboring molecules due to polarity
5. Shape, polarity, and properties of water
6. Solubility, solute, solvent, and formation of solutions
7. Oceanic CO2 levels in relation to climate change
8. Relationships among intermolecular forces, energy, and state of matter
9. Phase changes
10. Relationships among melting land ice, sea level rise, and climate change
Assured Assessments
Formative Assessment:
 Lab activity creating a non-Newtonian fluid
 Lab activity exploring polar and nonpolar interactions
 Lab activity determining boiling point or freezing point of substances
 Data collection and analysis of oceanic carbon dioxide levels and their relation to climate
change
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to intermolecular forces.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
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Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
Evidence of Sea Level Rise.

Supplemental
 Guided activity on water and its properties
 Online interactive review and reinforcement questions
Time Allotment


Approximately three weeks
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UNIT 9
Chemical Reactions
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-2

Construct and revise an explanation for the outcome of
a simple chemical reaction based on the outermost
electron states of atoms, trends in the periodic table,
and knowledge of the patterns of chemical properties.

NGSS.HS-ESS2-2

Analyze geoscience data to make the claim that one
change to Earth’s surface can create feedbacks that
cause changes to other Earth systems.

NGSS.HS-ESS2-4

Use a model to describe how variations in the flow of
energy into and out of Earth’s systems result in changes
in climate.

NGSS.HS-ESS2-6

Develop a quantitative model to describe the cycling of
carbon among the hydrosphere, atmosphere, geosphere,
and biosphere.

NGSS.HS-ESS2-7

Construct an argument based on evidence about the
simultaneous coevolution of Earth’s systems and life on
Earth.

NGSS.HS-ESS3-1

Construct an explanation based on evidence for how the
availability of natural resources, occurrence of natural
hazards, and changes in climate have influenced human
activity.

NGSS.HS-ESS3-4

Evaluate or refine a technological solution that reduces
impacts of human activities on natural systems.

NGSS.HS-ESS3-5

Analyze geoscience data and the results from global
climate models to make an evidence-based forecast of
the current rate of global or regional climate change and
associated future impacts to Earth’s systems.

NGSS.HS-ESS3-6

Use a computational representation to illustrate the
relationships among Earth systems and how those
relationships are being modified due to human activity.

CCS.ELA-Literacy.RST.11-12.4

Determine the meaning of symbols, key terms, and
other domain-specific words and phrases as they are
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used in a specific scientific or technical context relevant
to grades 11-12 texts and topics.
CCS.ELA-Literacy.RST.11-12.8

Evaluate the hypotheses, data, analysis, and conclusions
in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions
with other sources of information.

CCS.ELA-Literacy.RST.11-12.9

Synthesize information from a range of sources (e.g.,
texts, experiments, simulations) into a coherent
understanding of a process, phenomenon, or concept,
resolving conflicting information when possible.

ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Knowledge Constructor
(Standard 3b)

Evaluate the accuracy, perspective, credibility, and
relevance of information, media, data, or other
resources.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, developing ideas and theories and
pursuing answers and solutions.

ISTE Computational Thinker
(Standard 5b)

Collect data or identify relevant data sets, use digital
tools to analyze them, and represent data in various
ways to facilitate problem-solving and decisionmaking.

ISTE Computational Thinker
(Standard 5c)

Break problems into component parts, extract key
information, and develop descriptive models to
understand complex systems or facilitate problemsolving.

Unit Essential Questions







What are the characteristics of the five basic reaction types?
How can an activity series be used to predict the outcome of a single replacement
reaction?
How can a solubility chart be used to predict the outcome of a double replacement
reaction?
What are the natural parts of the carbon cycle?
What is the difference between complete combustion and incomplete combustion?
How does carbon monoxide affect the human body?
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What is the influence of fossil fuel combustion on the carbon cycle?
How does the greenhouse effect work?
What is the relationship between an industrial society and rising atmospheric
temperatures?
What evidence do we have that the Earth’s changing climate is due to human activity?

Scope and Sequence
1. Identifying the parts of a chemical equation
2. Characteristics and general form of reaction types
3. Using an activity series
4. Using a solubility chart
5. Natural carbon cycle
6. Human influence on the carbon cycle
7. Complete combustion vs. incomplete combustion
8. Carbon monoxide
9. Types of greenhouse gases and how they are measured
10. Greenhouse effect
11. Effects of climate change
Assured Assessments
Formative Assessment:
 Lab activity showing chemical reactions in solution
 Lab activity/demonstration showing each type of chemical reaction
 Data collection and analysis of greenhouse gases
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to chemical reactions.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
Supplemental
 Online interactive review and reinforcement questions
 Cosmos: The World Set Free.
Time Allotment


Approximately three weeks
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UNIT 10 (Unit 11 for Honors)
Energy
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-4

Develop a model to illustrate that the release or
absorption of energy from a chemical reaction system
depends upon the changes in total bond energy.

NGSS.HS-PS3-1

Create a computational model to calculate the change in
the energy of one component in a system when the
change in energy of the other component(s) and energy
flows in and out of the system are known.

NGSS.HS-PS3-2

Develop and use models to illustrate that energy at the
macroscopic scale can be accounted for as a
combination of energy associated with the motion of
particles (objects) and energy associated with the
relative position of particles (objects).

NGSS.HS-ESS2-4

Use a model to describe how variations in the flow of
energy into and out of Earth’s systems result in changes
in climate.

ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, including the anchoring event of
the unit, developing ideas and theories and pursuing
answers and solutions.

Unit Essential Questions




What causes some physical and chemical changes to release energy while others gain
energy?
How is the law of conservation of energy expressed in chemical systems?
How can the energy transferred in chemical and physical systems be quantified and
expressed graphically?

Scope and Sequence
1. System vs. surroundings
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2.
3.
4.
5.
6.
7.

Different types of energy (kinetic, potential, chemical, thermal)
Conservation of energy
Enthalpy changes and endothermic vs. exothermic reactions
Graphically depicting energy involved in physical and chemical changes
Calculations with heat, mass, change in temperature, and specific heat
Calculating the heat of chemical processes using calorimetry

Assured Assessments
Formative Assessment:
 Lab activity observing energy changes in chemical reactions
 Lab activity measuring energy changes in chemical reactions
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to energy.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
Supplemental
 Online interactive review and reinforcement questions
 Making Stuff Colder.
Time Allotment


Approximately three weeks
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UNIT 11 (Unit 10 for Honors)
Stoichiometry
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-7

Use mathematical representations to support the claim
that atoms, and therefore mass, are conserved during a
chemical reaction.

CCS.ELA-Literacy.RST.11-12.4

Determine the meaning of symbols, key terms, and
other domain-specific words and phrases as they are
used in a specific scientific or technical context relevant
to grades 11-12 texts and topics.

ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, developing ideas and theories and
pursuing answers and solutions.

ISTE Innovative Designer
(Standard 4a)

Know and use a deliberate design process for
generating ideas, testing theories, creating innovative
artifacts, or solving authentic problems.

ISTE Computational Thinker
(Standard 5b)

Collect data or identify relevant data sets, use digital
tools to analyze them, and represent data in various
ways to facilitate problem-solving and decisionmaking.

ISTE Computational Thinker
(Standard 5c)

Break problems into component parts, extract key
information, and develop descriptive models to
understand complex systems or facilitate problemsolving.

Unit Essential Questions






How is the law of conservation of matter represented in chemical reactions?
How is the ideal mole ratio related to the quantity of reactants or products in a chemical
reaction?
How can we use a balanced equation to calculate chemical quantities during a reaction?
What causes reactions to stop?
How is the actual yield in a reaction related to the predicted yield?

Grade 11 Chemistry

33

Scope and Sequence
1.
2.
3.
4.
5.

Translating sentences into chemical equations
Balancing equations and the law of conservation of matter
Stoichiometry, limiting reactants, and excess reactants
Why reactions continue, why they stop
Percent yield [for Honors]

Assured Assessments
Formative Assessment:
 Lab activity qualitatively determining limiting and excess reactants
 Lab activity quantitatively using the law of conservation of matter
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to stoichiometry.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
Supplemental
 Online interactive review and reinforcement questions
Time Allotment


Approximately two weeks
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UNIT 12
Reaction Forces
Unit Goals
At the completion of this unit, students will:
NGSS.HS-PS1-5

Apply scientific principles and evidence to provide an
explanation about the effects of changing the
temperature or concentration of the reacting particles on
the rate at which a reaction occurs.

NGSS.HS-PS1-6

Refine the design of a chemical system by specifying a
change in conditions that would produce increased
amounts of products at equilibrium.

CCS.ELA-Literacy.RST.11-12.3

Follow precisely a complex multistep procedure when
carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results
based on explanations in the text.

ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, including the anchoring event of
the unit, developing ideas and theories and pursuing
answers and solutions.

Unit Essential Questions




How does the collision theory explain the rates and changes in rates of chemical
reactions?
What is chemical equilibrium, and what factors affect the equilibrium of a reversible
reaction?
How can Le Chatelier’s principle be used to predict the effect of changes (stresses) in
concentration, temperature, and pressure on a system at equilibrium?

Scope and Sequence
1.
2.
3.
4.

Collision theory and deciding whether or not a reaction will occur
Factors that influence the rate of reaction
Reversible reactions
Equilibrium
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5. Stressing a reaction and Le Chatelier’s principle
Assured Assessments
Formative Assessment:
 Lab activity exploring the relationship between reactant factors (such as concentration or
temperature) and reaction rate
 Lab activity exploring the effect of stresses on a reversible reaction
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to reaction forces.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
 Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
 Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
 Online simulation of reversible reactions
Supplemental
 Online interactive review and reinforcement questions
Time Allotment


Approximately two weeks
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UNIT 13
Gases
Unit Goals
At the completion of this unit, students will:
ISTE Empowered Learner
(Standard 1c)

Use technology to seek feedback that informs and
improves their practice and to demonstrate their
learning in a variety of ways.

ISTE Knowledge Constructor
(Standard 3d)

Build knowledge by actively exploring real-world
issues and problems, including the anchoring event of
the unit, developing ideas and theories and pursuing
answers and solutions.

Unit Essential Questions




What are the properties of gases?
How are the properties of gases related?
How can the properties of gases be mathematically represented and calculated?

Scope and Sequence
1.
2.
3.
4.

Assumptions of gases
Ideal gas law
Changes in conditions
Partial pressures of gases

Assured Assessments
Formative Assessment:
 Data analysis to determine trends between air pressure and altitude
 Lab activity exploring the relationships among pressure, volume, and temperature of a
sample of gas
Summative Assessment:
 Students will participate in an assessment consisting of multiple-choice questions, freeresponse questions, and interpreting and analyzing data, related to gases.
 Following Unit 13, students will participate in the end-of-year examination.
Resources
Core
 Davis, Raymond E., Regina Frey, Mickey Sarquis, and Jerry L. Sarquis. Modern
Chemistry. Austin: Holt, 2006. Print. [Honors]
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Phillips, John S., Victor S. Strozak, and Cheryl Wistrom. Chemistry: Concepts and
Applications. Columbus: Glencoe, 2005. Print. [CP]
Wilbraham, Anthony C., Dennis D. Staley, Michael S. Matta, and Edward L. Waterman.
Prentice Hall Chemistry. Upper Saddle River, NH: Prentice Hall, 2005. Print. [ACP]
Online simulations demonstrating relationships among pressure, volume, and temperature
of a gas

Supplemental
 Online interactive review and reinforcement questions
 “Everest to Deep Sea.”
 Everest IMAX Documentary.
 “Would a Vacuum Work in a Vacuum?”
Time Allotment


Approximately three weeks
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COURSE CREDIT
1.25 credits in science
One class period daily, plus laboratory, for a full year

ASSURED STUDENT PERFORMANCE RUBRICS




Trumbull High School School-Wide Writing Rubric (attached)
Trumbull High School School-Wide Problem-Solving Rubric (attached)
Trumbull High School School-Wide Independent Learning and Thinking Rubric (attached)
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Trumbull High School School-Wide Writing Rubric
Category/
Weight

Purpose
X_______

Exemplary
4
Student work:




Organization
X_______






Content
X_______




Use of
Language
X_______






Goal
3
Student work:

Establishes and
maintains a clear
purpose
Demonstrates an
insightful
understanding of
audience and task



Reflects sophisticated
organization throughout
Demonstrates logical
progression of ideas
Maintains a clear focus
Utilizes effective
transitions



Is accurate, explicit,
and vivid
Exhibits ideas that are
highly developed and
enhanced by specific
details and examples



Demonstrates excellent
use of language
Demonstrates a highly
effective use of
standard writing that
enhances
communication
Contains few or no
errors. Errors do not
detract from meaning
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Working Toward Goal
2
Student work:

Establishes and
maintains a purpose
Demonstrates an
accurate awareness
of audience and task




Reflects
organization
throughout
Demonstrates
logical progression
of ideas
Maintains a focus
Utilizes transitions



Is accurate and
relevant
Exhibits ideas that
are developed and
supported by details
and examples



Demonstrates
competent use of
language
Demonstrates
effective use of
standard writing
conventions
Contains few errors
Most errors do not
detract from
meaning














Needs Support
1-0
Student work:

Establishes a purpose
Demonstrates an
awareness of audience
and task



Reflects some
organization throughout
Demonstrates logical
progression of ideas at
times
Maintains a vague focus
May utilize some
ineffective transitions



May contain some
inaccuracies
Exhibits ideas that are
partially supported by
details and examples



Demonstrates use of
language
Demonstrates use of
standard writing
conventions
Contains errors that
detract from meaning















Does not establish a
clear purpose
Demonstrates
limited/no
awareness of
audience and task

Reflects little/no
organization
Lacks logical
progression of ideas
Maintains little/no
focus
Utilizes ineffective
or no transitions
Is inaccurate and
unclear
Exhibits limited/no
ideas supported by
specific details and
examples
Demonstrates
limited competency
in use of language
Demonstrates
limited use of
standard writing
conventions
Contains errors that
make it difficult to
determine meaning
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Trumbull High School School-Wide Problem-Solving Rubric
Category/
Weight

Exemplary
4

Goal
3

Working Toward
Goal
2

Needs Support
1-0

Understanding
X_______



Student demonstrates
clear understanding of
the problem and the
complexities of the
task



Student demonstrates
sufficient
understanding of the
problem and most of
the complexities of
the task



Student demonstrates
some understanding
of the problem but
requires assistance to
complete the task



Student demonstrates
limited or no
understanding of the
fundamental problem
after assistance with
the task

Research
X_______



Student gathers
compelling
information from
multiple sources
including digital, print,
and interpersonal



Student gathers
sufficient
information from
multiple sources
including digital,
print, and
interpersonal



Student gathers some
information from
few sources
including digital,
print, and
interpersonal



Student gathers
limited or no
information

Reasoning and
Strategies
X_______



Student demonstrates
strong critical thinking
skills to develop a
comprehensive plan
integrating multiple
strategies



Student demonstrates
sufficient critical
thinking skills to
develop a cohesive
plan integrating
strategies



Student
demonstrates some
critical thinking
skills to develop a
plan integrating
some strategies



Student demonstrates
limited or no critical
thinking skills and no
plan

Final Product
and/or
Presentation
X_______



Solution shows deep
understanding of the
problem and its
components
Solution shows
extensive use of 21stcentury technology
skills



Solution shows
sufficient
understanding of the
problem and its
components
Solution shows
sufficient use of 21stcentury technology
skills



Solution shows some
understanding of the
problem and its
components
Solution shows some
use of 21st-century
technology skills



Solution shows
limited or no
understanding of the
problem and its
components
Solution shows
limited or no use of
21st-century
technology skills
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Trumbull High School School-Wide
Independent Learning and Thinking Rubric
Category/
Weight

Exemplary
4

Goal
3

Working Toward
Goal
2

Needs Support
1-0

Proposal
X_______



Student demonstrates a
strong sense of
initiative by generating
compelling questions,
creating uniquely
original projects/work



Student demonstrates
initiative by
generating
appropriate
questions, creating
original
projects/work



Student
demonstrates some
initiative by
generating questions,
creating appropriate
projects/work



Student demonstrates
limited or no
initiative by
generating few
questions and creating
projects/work

Independent
Research &
Development
X_______



Student is analytical,
insightful, and works
independently to reach
a solution



Student is analytical,
and works
productively to reach
a solution



Student reaches a
solution with
direction



Student is unable to
reach a solution
without consistent
assistance

Presentation of
Final Product
X_______



Presentation shows
compelling evidence of
an independent learner
and thinker
Solution shows deep
understanding of the
problem and its
components
Solution shows
extensive and
appropriate application
of 21st-century skills



Presentation shows
clear evidence of an
independent learner
and thinker
Solution shows
adequate
understanding of the
problem and its
components
Solution shows
adequate application
of 21st-century skills



Presentation shows
some evidence of an
independent learner
and thinker
Solution shows some
understanding of the
problem and its
components
Solution shows some
application of 21stcentury skills



Presentation shows
limited or no
evidence of an
independent learner
and thinker
Solution shows
limited or no
understanding of the
problem and its
components
Solution shows
limited or no
application of 21stcentury skills
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CORE VALUES AND BELIEFS
The Trumbull School Community engages in an environment conducive to learning which
believes that all students will read and write effectively, therefore communicating in an
articulate and coherent manner. All students will participate in activities that present problemsolving through critical thinking. Students will use technology as a tool applying it to decision
making. We believe that by fostering self-confidence, self-directed and student-centered
activities, we will promote independent thinkers and learners. We believe ethical conduct to
be paramount in sustaining the welcoming school climate that we presently enjoy.
Approved 8/26/2011

INTRODUCTION & PHILOSOPHY
Advanced Placement Physics 1 is the equivalent of an introductory college physics course,
without calculus, spread across a full academic year. A depth of understanding in introductory
algebra-based college physics is promoted through rigorous exercise of seven science practices.
Topics covered include kinematics, dynamics (Newton’s Laws), circular motion, universal
gravitation law, simple harmonic motion, impulse and momentum, work and energy, rotational
motion and dynamics, electrostatics and charges, DC circuits, and mechanical waves. A
significant physics application team project is part of the course. Superior mathematical and
problem-solving skills are required. Students taking this course will be prepared to take the
College Board’s Advanced Placement Physics 1 Examination.

COURSE GOALS
The following course goals derive from the 2019 College Board Science Practices for AP
Physics 1.
Science Practice 1: Modeling: The student can use representations and models to communicate
scientific phenomena and solve scientific problems.
Science Practice 2: Mathematical Routines: The student can use mathematics appropriately.
Science Practice 3: Scientific Questioning: The student can engage in scientific questioning to
extend thinking or to guide investigations within the context of the AP course.
Science Practice 4: Experimental Methods: The student can plan and implement data-collection
strategies in relation to a particular scientific question.
Science Practice 5: Data Analysis: The student can perform data analysis and evaluation of
evidence.
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Science Practice 6: Argumentation: The student can work with scientific explanations and
theories.
Science Practice 7: Making Connections: The student is able to connect and relate knowledge
across various scales, concepts, and representations in and across domains.

COURSE ENDURING UNDERSTANDINGS
Students will understand that . . .
 the internal structure of a system determines many properties of the system.
 electric charge is a property of an object or system that affects its interactions with other
objects or systems containing charge.
 objects and systems have properties of inertial mass and gravitational mass that are
experimentally verified to be the same and that satisfy conservation principles.
 materials have many macroscopic properties that result from the arrangement and
interactions of atoms and molecules that make up the material.
 a field associates a value of some physical quantity with every point in space. Field
models are useful for describing interactions that occur at a distance (long-range forces),
as well as a variety of other physical phenomena.
 a gravitational field is caused by an object with mass.
 all forces share certain common characteristics when considered by observers in inertial
reference frames.
 classically, the acceleration of an object interacting with other objects can be predicted by










using
.
at the macroscopic level, forces can be categorized as either long-range (action-at-adistance) forces or contact forces.
a force exerted on an object can change the momentum of the object.
a force exerted on an object can change the kinetic energy of the object.
a force exerted on an object can cause a torque on that object.
certain types of forces are considered fundamental.
the acceleration of the center of mass of a system is related to the net force exerted on the
system, where
.
interactions with other objects or systems can change the total linear momentum of a
system.
interactions with other objects or systems can change the total energy of a system.
a net torque exerted on a system by other objects or systems will change the angular
momentum of the system.
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certain quantities are conserved, in the sense that the changes of those quantities in a
given system are always equal to the transfer of that quantity to or from the system by all
possible interactions with other systems.
the energy of a system is conserved.
the electric charge of a system is conserved.
the linear momentum of a system is conserved.
the angular momentum of a system is conserved.
a wave is a traveling disturbance that transfers energy and momentum.
a periodic wave is one that repeats as a function of both time and position and can be
described by its amplitude, frequency, wavelength, speed, and energy.
interference and superposition lead to standing waves and beats.

COURSE ESSENTIAL QUESTIONS







What are the properties of objects and systems?
How do fields (existing in space) explain interactions?
How do forces describe interactions of an object with other objects?
How do interactions between systems result in changes in those systems?
How are changes that occur as a result of interactions constrained by conservation laws?
How do waves transfer energy and momentum from one location to another without the
permanent transfer of mass?

COURSE KNOWLEDGE & SKILLS
Students will know . . .




A system is an object or a collection of objects. Objects are treated as having no internal
structure.
a. A collection of particles in which internal interactions change little or not at all, or in
which changes in these interactions are irrelevant to the question addressed, can be
treated as an object.
b. Some elementary particles are fundamental particles, (e.g., electrons). Protons and
neutrons are composed of fundamental particles (i.e., quarks) and might be treated as
either systems or objects, depending on the question being addressed.
c. The electric charges on neutrons and protons result from their quark compositions.
Systems have properties that are determined by the properties and interactions of their
constituent atomic and molecular substructures. In AP Physics, when the properties of the
constituent parts are not important in modeling the behavior of the macroscopic system,
the system itself may be referred to as an object.
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Electric charge is conserved. The net charge of a system is equal to the sum of the
charges of all the objects in the system.
a. An electrical current is a movement of charge through a conductor.
b. A circuit is a closed loop of electrical current. Relevant Equation:
.
There are only two kinds of electric charge. Neutral objects or systems contain equal
quantities of positive and negative charge, with the exception of some fundamental
particles that have no electric charge.
a. Like-charged objects and systems repel, and unlike-charged objects and systems
attract. Relevant Equation:
.
The smallest observed unit of charge that can be isolated is the electron charge, also
known as the elementary charge.
a. The magnitude of the elementary charge is equal to 1.6 × 10–19 coulombs.
b. Electrons have a negative elementary charge; protons have a positive elementary
charge of equal magnitude, although the mass of a proton is much larger than the mass
of an electron.
Inertial mass is the property of an object or system that determines how its motion
changes when it interacts with other objects or systems.
a.
Gravitational mass is the property of an object or a system that determines the strength of
the gravitational interaction with other objects, systems, or gravitational fields.
a. The gravitational mass of an object determines the amount of force exerted on the
object by a gravitational field.
b. Near Earth’s surface, all objects fall (in a vacuum) with the same acceleration,
regardless of their inertial mass.
Objects and systems have properties of inertial mass and gravitational mass that are
experimentally verified to be the same and that satisfy conservation principles.
Matter has a property called resistivity.
a. The resistivity of a material depends on its molecular and atomic structure.
b. The resistivity depends on the temperature of the material. Resistivity changes with
temperature. Relevant Equation:
.
A vector field gives, as a function of position (and perhaps time), the value of a physical
quantity that is described by a vector.
a. Vector fields are represented by field vectors indicating direction and magnitude.
b. When more than one source object with mass or electric charge is present, the field
value can be determined by vector addition.
c. Conversely, a known vector field can be used to make inferences about the number,
relative size, and locations of sources.
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A gravitational field 𝑔⃗ at the location of an object with mass m causes a gravitational
force of magnitude mg to be exerted on the object in the direction of the field.
a. On Earth, this gravitational force is called weight.
b. The gravitational field at a point in space is measured by dividing the gravitational
force exerted by the field on a test object at that point by the mass of the test object
and has the same direction as the force.
c. If the gravitational force is the only force exerted on the object, the observed free-fall
acceleration of the object (in meters per second squared) is numerically equal to the
magnitude of the gravitational field (in Newtons/kilogram) at that location. Relevant
Equation:
.
The gravitational field caused by a spherically symmetric object with mass is radial and,
outside the object, varies as the inverse square of the radial distance from the center of
that object.
a. The gravitational field caused by a spherically symmetric object is a vector whose
magnitude outside the object is equal to
.
b. Only spherically symmetric objects will be considered as sources of the gravitational
field. Relevant Equation:
.
An observer in a particular reference frame can describe the motion of an object using
such quantities as position, displacement, distance, velocity, speed, and acceleration.
a. Displacement, velocity, and acceleration are all vector quantities.
b. Displacement is change in position. Velocity is the rate of change of position with
time. Acceleration is the rate of change of velocity with time. Changes in each
property are expressed by subtracting initial values from final values.
c. A choice of reference frame determines the direction and the magnitude of each of
these quantities.
d. There are three fundamental interactions or forces in nature: the gravitational force, the
electroweak force, and the strong force. The fundamental forces determine both the
structure of objects and the motion of objects.
e. In inertial reference frames, forces are detected by their influence on the motion
(specifically the velocity) of an object. So force, like velocity, is a vector quantity. A
force vector has magnitude and direction. When multiple forces are exerted on an
object, the vector sum of these forces, referred to as the net force, causes a change in
the motion of the object. The acceleration of the object is proportional to the net force.
f. The kinematic equations only apply to constant acceleration situations. The three
kinematic equations describing linear motion with constant acceleration in one and
two dimensions are:
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g. For rotational motion there are analogous quantities such as angular position, angular
velocity, and angular acceleration. The kinematic equations describing angular motion
with constant angular acceleration are:











Forces are described by vectors.
a. Forces are detected by their influence on the motion of an object.
b. Forces have magnitude and direction.
A force exerted on an object is always due to the interaction of that object with another
object.
a. An object cannot exert a force on itself.
b. Even though an object is at rest, there may be forces exerted on that object by other
objects.
c. The acceleration of an object, but not necessarily its velocity, is always in the direction
of the net force exerted on the object by other objects.
If one object exerts a force on a second object, the second object always exerts a force of
equal magnitude on the first object in the opposite direction.
If an object of interest interacts with several other objects, the net force is the vector sum
of the individual forces. Relevant Equation:
.
Free-body diagrams are useful tools for visualizing forces being exerted on a single
object and writing the equations that represent a physical situation.
a. An object can be drawn as if it were extracted from its environment and the
interactions with the environment were identified.
b. A force exerted on an object can be represented as an arrow whose length represents
the magnitude of the force and whose direction shows the direction of the force.
c. A coordinate system with one axis parallel to the direction of the acceleration
simplifies the translation from the free-body diagram to the algebraic representation.
d. Free-body or force diagrams may be depicted in one of two ways – one in which the
forces exerted on an object are represented as arrows pointing outward from a dot, and
the other in which the forces are specifically drawn at the point on the object at which
each force is exerted.
Restoring forces can result in oscillatory motion. When a linear restoring force is exerted
on an object displaced from an equilibrium position, the object will undergo a special
type of motion called simple harmonic motion. Examples include gravitational force
exerted by Earth on a simple pendulum and mass-spring oscillator.
a. For a spring that exerts a linear restoring force, the period of a mass-spring oscillator
increases with mass and decreases with spring stiffness.
b. For a simple pendulum, the period increases with the length of the pendulum and
decreases with the magnitude of the gravitational field.
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c. Minima, maxima, and zeros of position, velocity, and acceleration are features of
harmonic motion. Students should be able to calculate force and acceleration for any
given displacement for an object oscillating on a spring. Relevant Equations:



,
.
Gravitational force describes the interaction of one object with mass with another object
with mass.
a. The gravitational force is always attractive.
b. The magnitude of force between two spherically symmetric objects of mass m1 and m2
is
, where r is the center-to-center distance between the objects.
c. In a narrow range of heights above Earth’s surface, the local gravitational field, g, is





approximately constant. Relevant Equations:
.
Electric force results from the interaction of one object that has an electric charge with
another object that has an electric charge.
a. Electric forces dominate the properties of the objects in our everyday experiences.
However, the large number of particle interactions that occur make it more convenient
to treat everyday forces in terms of non-fundamental forces called contact forces, such
as normal force, friction, and tension.
b. Electric forces may be attractive or repulsive, depending on the charges on the objects
involved. Relevant Equations:
,
.
Contact forces result from the interaction of one object touching another object, and they
arise from interatomic electric forces. These forces include tension, friction, normal,
spring (Physics 1), and buoyant (Physics 2). Relevant Equations:






,

.
The change in momentum of an object is a vector in the direction of the net force exerted
on the object. Relevant Equation:
.
The change in momentum of an object occurs over a time interval.
a. The force that one object exerts on a second object changes the momentum of the
second object (in the absence of other forces on the second object).
b. The change in momentum of that object depends on the impulse, which is the product
of the average force and the time interval during which the interaction occurred.
Relevant Equation:
.
The change in the kinetic energy of an object depends on the force exerted on the object
and on the displacement of the object during the interval that the force is exerted.
a. Only the component of the net force exerted on an object parallel or antiparallel to the
displacement of the object will increase (parallel) or decrease (antiparallel) the kinetic
energy of the object.
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b. The magnitude of the change in the kinetic energy is the product of the magnitude of
the displacement and of the magnitude of the component of force parallel or antiparallel
to the displacement. Relevant Equation:
.
c. The component of the net force exerted on an object perpendicular to the direction of
the displacement of the object can change the direction of the motion of the object
without changing the kinetic energy of the object. This should include uniform circular
motion and projectile motion.
d. The kinetic energy of a rigid system may be translational, rotational, or a combination
of both. The change in the rotational kinetic energy of a rigid system is the product of







the angular displacement and the net torque. Relevant Equations:
,
.
Only the force component perpendicular to the line connecting the axis of rotation and
the point of application of the force results in a torque about that axis.
a. The lever arm is the perpendicular distance from the axis of rotation or revolution to
the line of application of the force.
b. The magnitude of the torque is the product of the magnitude of the lever arm and the
magnitude of the force.
c. The net torque on a balanced system is zero. Relevant Equations:
.
The presence of a net torque along any axis will cause a rigid system to change its
rotational motion or an object to change its rotational motion about that axis.
a. Rotational motion can be described in terms of angular displacement, angular velocity,
and angular acceleration about a fixed axis.
b. Rotational motion of a point can be related to linear motion of the point using the
distance of the point from the axis of rotation.
c. The angular acceleration of an object or a rigid system can be calculated from the net
torque and the rotational inertia of the object or rigid system. Relevant Equations:
,
,
,
A torque exerted on an object can change the angular momentum of an object.
a. Angular momentum is a vector quantity, with its direction determined by a right hand
rule.
b. The magnitude of angular momentum of a point object about an axis can be calculated
by multiplying the perpendicular distance from the axis of rotation to the line of
motion by the magnitude of linear momentum.
c. The magnitude of angular momentum of an extended object can also be found by
multiplying the rotational inertia by the angular velocity.
d. The change in angular momentum of an object is given by the product of the average
torque and the time for which the torque is exerted. Relevant Equations:
,
,
.
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Gravitational forces are exerted at all scales and dominate at the largest distances and
mass scales.
The linear motion of a system can be described by the displacement, velocity, and
acceleration of its center of mass. The variables x, v, and a all refer to the center-of-mass
quantities. Relevant Equations:
,
,
.
The acceleration is equal to the rate of change of velocity with time, and velocity is equal
to the rate of change of position with time.
a. The acceleration of the center of mass of a system is directly proportional to the net
force exerted on it by all objects interacting with the system and inversely proportional
to the mass of the system.
b. Force and acceleration are both vectors, with acceleration in the same direction as the
net force.
c. The acceleration of the center of mass of a system is equal to the rate of change of the
center of mass velocity with time, and the center of mass velocity is equal to the rate
of change of position of the center of mass with time.
d. The variables x, v, and a all refer to the center-of-mass quantities. Relevant Equations:
,
,
.
The change in linear momentum for a constant-mass system is the product of the mass of
the system and the change in velocity of the center of mass. Relevant Equation:
.
The change in linear momentum of the system is given by the product of the average
force on that system and the time interval during which the force is exerted.
a. The units for momentum are the same as the units of the area under the curve of a
force versus time graph.
b. The change in linear momentum and force are both vectors in the same direction.
Relevant Equations:
,
.
The energy of a system includes its kinetic energy, potential energy, and microscopic
internal energy. Examples include gravitational potential energy, elastic potential energy,
and kinetic energy.
a. A rotating, rigid body may be considered to be a system and may have both
translational and rotational kinetic energy.
b. Although thermodynamics is not part of Physics 1, included is the idea that, during an
inelastic collision, some of the mechanical energy dissipates as (converts to) thermal
energy. Relevant Equations:
,
,
,
,
.
Mechanical energy (the sum of kinetic and potential energy) is transferred into or out of a
system when an external force is exerted on a system such that a component of the forces
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is parallel to its displacement. The process through which the energy is transferred is
called work.
a. If the force is constant during a given displacement, then the work done is the product
of the displacement and the component of the force parallel or antiparallel to the
displacement. Relevant Equation:
.
b. Work (change in energy) can be found from the area under a graph of the magnitude of
the force component parallel to the displacement versus displacement. Relevant
Equation:
.
Torque, angular velocity, angular acceleration, and angular momentum are vectors and
can be characterized as positive or negative depending on whether they give rise to or
correspond to counterclockwise or clockwise rotation with respect to an axis. Relevant
Equations:
,
,
,
,
,
,
.
The angular momentum of a system may change due to interactions with other objects or
systems.
a. The angular momentum of a system with respect to an axis of rotation is the sum of the
angular momenta, with respect to that axis, of the objects that make up the system.
b. The angular momentum of an object about a fixed axis can be found by multiplying
the momentum of the particle by the perpendicular distance from the axis to the line of
motion of the object.
c. Alternatively, the angular momentum of a system can be found from the product of the
system’s rotational inertia and its angular velocity. Students do not need to know the
equation for an object’s rotational inertia, as it will be provided at the exam. They
should have a qualitative sense that rotational inertia is larger when the mass is farther
from the axis of rotation. Relevant Equations:
,
,
.
The change in angular momentum is given by the product of the average torque and the time
interval during which the torque is exerted. Relevant Equations:
,
,
.
A system is an object or a collection of objects. The objects are treated as having no
internal structure.
For all systems under all circumstances, energy, charge, linear momentum, and angular
momentum are conserved. For an isolated or a closed system, conserved quantities are
constant. An open system is one that exchanges any conserved quantity with its
surroundings.
An interaction can be either a force exerted by objects outside the system or the transfer
of some quantity with objects outside the system.
The placement of a boundary between a system and its environment is a decision made
by the person considering the situation in order to simplify or otherwise assist in analysis.
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Classically, an object can only have kinetic energy since potential energy requires an
interaction between two or more objects. Relevant Equation:
.
A system with internal structure can have internal energy, and changes in a system’s
internal structure can result in changes in internal energy.
A system with internal structure can have potential energy. Potential energy exists within
a system if the objects within that system interact with conservative forces.
a. The work done by a conservative force is independent of the path taken. The work
description is used for forces external to the system. Potential energy is used when the
forces are internal interactions between parts of the system.
b. Changes in the internal structure can result in changes in potential energy. Examples
include mass-spring oscillators and objects falling in a gravitational field.
c. The change in electric potential in a circuit is the change in potential energy per unit
charge. Relevant Equations:
,
,
,
.
The internal energy of a system includes the kinetic energy of the objects that make up
the system and the potential energy of the configuration of the objects that make up the
system.
a. Since energy is constant in a closed system, changes in a system’s potential energy can
result in changes to the system’s kinetic energy.
b. The changes in potential and kinetic energies in a system may be further constrained
by the construction of the system.
Energy can be transferred by an external force exerted on an object or a system that
moves the object or system through a distance; this energy transfer is called work. Energy
transfer in mechanical or electrical systems may occur at different rates. Power is defined
as the rate of energy transfer into, out of, or within a system. Relevant Equations:
,
.
Kirchhoff’s loop rule describes conservation of energy in electrical circuits. The potential
difference across an ideal battery is also referred to as the emf of the battery, represented
as ε.
a. Energy changes in simple electrical circuits are conveniently represented in terms of
energy change per charge moving through a battery and a resistor.
b. Since electric potential difference times charge is energy, and energy is conserved, the
sum of the potential differences about any closed loop must add to zero.
c. The electric potential difference across a resistor is given by the product of the current
and the resistance.
d. The rate at which energy is transferred from a resistor is equal to the product of the
electric potential difference across the resistor and the current through the resistor.
Relevant Equations:
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Kirchhoff’s junction rule describes the conservation of electric charge in electrical
circuits. Since charge is conserved, current must be conserved at each junction in the
circuit. Examples include circuits that combine resistors in series and parallel. Relevant
Equations:
,
,
,
,
.
In a collision between objects, linear momentum is conserved. In an elastic collision,
kinetic energy is the same before and after.
a. In a closed system, the linear momentum is constant throughout the collision.
b. In a closed system, the kinetic energy after an elastic collision is the same as the
kinetic energy before the collision. Relevant Equations:










,

.

In a collision between objects, linear momentum is conserved. In an inelastic collision,
kinetic energy is not the same before and after the collision.
a. In a closed system, the linear momentum is constant throughout the collision.
b. In a closed system, the kinetic energy after an inelastic collision is different from the
kinetic energy before the collision. Relevant Equations:
,
.
The velocity of the center of mass of the system cannot be changed by an interaction
within the system.
a. The center of mass of a system depends on the masses and positions of the objects in
the system. In an isolated system (a system with no external forces), the velocity of the
center of mass does not change.
b. When objects in a system collide, the velocity of the center of mass of the system will
not change unless an external force is exerted on the system.
c. Where there is both a heavier and lighter mass, the center of mass is closer to the
heavier mass.
If the net external torque exerted on the system is zero, the angular momentum of the system
does not change. Relevant Equations:
,
,
.
The angular momentum of a system is determined by the locations and velocities of the
objects that make up the system. The rotational inertia of an object or a system depends
on the distribution of mass within the object or system. Changes in the radius of a system
or in the distribution of mass within the system result in changes in the system’s
rotational inertia, and hence in its angular velocity and linear speed for a given angular
momentum. Examples include elliptical orbits in an Earth-satellite system. Mathematical
expressions for the moments of inertia will be provided where needed. Students will not
be expected to know the parallel axis theorem. Students do not need to know the equation
for an object’s rotational inertia, as it will be provided at the exam. They should have a
qualitative sense that rotational inertia is larger when the mass is farther from the axis of
rotation. Relevant Equation:
.
Waves can propagate via different oscillation modes such as transverse and longitudinal.
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a. Mechanical waves can be either transverse or longitudinal. Examples include waves
on a stretched string and sound waves.
b. This includes, as part of the mechanism of “propagation,” the idea that the speed of a
wave depends only on properties of the medium.
c. The traveling disturbance consists of pressure variations coupled to displacement
variations.
d. This applies to both periodic waves and to wave pulses.
For propagation, mechanical waves require a medium, while electromagnetic waves do
not require a physical medium. Examples include light traveling through a vacuum and
sound not traveling through a vacuum.
The amplitude is the maximum displacement of a wave from its equilibrium value.
a. The amplitude is the maximum displacement from equilibrium of the wave. A sound
wave may be represented by either the pressure or the displacement of atoms or
molecules. This covers both periodic waves and wave pulses.
b. The pressure amplitude of a sound wave is the maximum difference between local
pressure and atmospheric pressure.
Classically, the energy carried by a wave depends on and increases with amplitude.
Examples include sound waves.
a. Higher amplitude refers to both greater pressure variations and greater displacement
variations.
b. Examples include both periodic waves and wave pulses.
For a periodic wave, the period is the repeat time of the wave. The frequency is the
number of repetitions of the wave per unit time.
a. In a periodic sound wave, pressure variations and displacement variations are both
present and with the same frequency. Relevant Equation:
.
For a periodic wave, the wavelength is the repeat distance of the wave.
For a periodic wave, wavelength is the ratio of speed over frequency. Relevant Equation:
.
The observed frequency of a wave depends on the relative motion of source and observer.
This is a qualitative treatment only.
Two or more wave pulses can interact in such a way as to produce amplitude variations in
the resultant wave. When two pulses cross, they travel through each other; they do not
bounce off each other. Where the pulses overlap, the resulting displacement can be
determined by adding the displacements of the two pulses. This is called superposition.
Two or more traveling waves can interact in such a way as to produce amplitude
variations in the resultant wave.
Standing waves are the result of the addition of incident and reflected waves that are
confined to a region and have nodes and antinodes. Examples include waves on a fixed
length of string and sound waves in both closed and open tubes.
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b. For standing sound waves, pressure nodes correspond to displacement antinodes, and
vice versa. For example, the open end of a tube is a pressure node because the pressure
equalizes with the surrounding air pressure and therefore does not oscillate. The closed
end of a tube is a displacement node because the air adjacent to the closed end is
blocked from oscillating.
The possible wavelengths of a standing wave are determined by the size of the region to
which it is confined.
a. A standing wave with zero amplitude at both ends can only have certain wavelengths.
Examples include fundamental frequencies and harmonics.
b. Other boundary conditions or other region sizes will result in different sets of possible
wavelengths.
c. The term first harmonic refers to the standing waves corresponding to the fundamental
frequency (i.e., the lowest frequency corresponding to a standing wave). The second
harmonic is the standing wave corresponding to the second lowest frequency that
generates a standing wave in the given scenario.
d. Resonance is another term for standing sound wave. Relevant Equations:
,
.
Beats arise from the addition of waves of slightly different frequency.
a. Because of the different frequencies, the two waves are sometimes in phase and
sometimes out of phase. The resulting regularly spaced amplitude changes are called
beats. Examples include the tuning of an instrument.
b. The beat frequency is the difference in frequency between the two waves.

Students will be able to . . .











create representations and models of natural or man-made phenomena and systems in the
domain. (S.P. 1.1)
describe representations and models of natural or man-made phenomena and systems in
the domain. (S.P. 1.2)
refine representations and models of natural or man-made phenomena and systems in the
domain. (S.P. 1.3)
use representations and models to analyze situations or solve problems qualitatively and
quantitatively. (S.P. 1.4)
re-express key elements of natural phenomena across multiple representations in the
domain. (S.P. 1.5)
justify the selection of a mathematical routine to solve problems. (S.P. 2.1)
apply mathematical routines to quantities that describe natural phenomena. (S.P. 2.2)
estimate numerically quantities that describe natural phenomena. (S.P. 2.3)
pose scientific questions. (S.P. 3.1)
refine scientific questions. (S.P. 3.2)
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evaluate scientific questions. (S.P. 3.3)
justify the selection of the kind of data needed to answer a particular scientific question.
(S.P. 4.1)
design a plan for collecting data to answer a particular scientific question. (S.P. 4.2)
collect data to answer a particular scientific question. (S.P. 4.3)
evaluate sources of data to answer a particular scientific question. (S.P. 4.4)
analyze data to identify patterns or relationships. (S.P. 5.1)
refine observations and measurements based on data analysis. (S.P. 5.2)
evaluate the evidence provided by data sets in relation to a particular scientific question.
(S.P. 5.3)
justify claims with evidence. (S.P. 6.1)
construct explanations of phenomena based on evidence produced through scientific
practices. (S.P. 6.2)
articulate the reasons that scientific explanations and theories are refined or replaced.
(S.P. 6.3)
make claims and predictions about natural phenomena based on scientific theories and
models. (S.P. 6.4)
evaluate alternative scientific explanations. (S.P. 6.5)
connect phenomena and models across spatial and temporal scales. (S.P. 7.1)
connect concepts in and across domain(s) to generalize or extrapolate in and/or across
enduring understandings and/or big ideas. (S.P. 7.2)

Advanced Placement Physics 1

16

COURSE SYLLABUS
Course Name
Advanced Placement Physics 1
Level
Advanced Placement
Prerequisites
Grade of B or higher in Honors Chemistry, along with concurrent or prior enrollment in
PreCalculus or higher mathematics, or Grade of A- or higher in Advanced CollegePreparatory Chemistry with teacher recommendation, along with concurrent or prior
enrollment in PreCalculus or higher mathematics
Materials Required
None
General Description of the Course
Advanced Placement Physics 1 is the equivalent of an introductory college physics
course, without calculus, spread across a full academic year. A depth of understanding in
introductory algebra-based college physics is promoted through rigorous exercise of
seven science practices. Topics covered include kinematics, dynamics (Newton’s Laws),
circular motion, universal gravitation law, simple harmonic motion, impulse and
momentum, work and energy, rotational motion and dynamics, electrostatics and charges,
DC circuits, and mechanical waves. A significant physics application team project is part
of the course. Superior mathematical and problem-solving skills are required. Students
taking this course will be prepared to take the College Board’s Advanced Placement
Physics 1 Examination.
Assured Assessments
Formative Assessments:
 Labs (Units 0, 5)
 Teacher-designed assessments based on released Advanced Placement questions
(Units 1, 2, 3, 4, 5, 6, 7, 9, 10)
 TIPERs activities (Units 1, 2, 3, 4, 5, 6, 7, 9, 10)
 Individual and group worksheets (Unit 8)
Summative Assessments:
 Labs (Units 1, 2, 3, 4, 5, 6, 7, 8, 9, 10)
 Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination (Units 1, 2,
3, 4, 5, 6, 7, 9, 10)
 Individual written exam (Unit 8)
 Final project and presentation (Unit 11)
Core Text
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
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UNIT 0
Conceptual Overview
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
S.P. 2.2

Apply mathematical routines to quantities that describe natural phenomena.

S.P. 3.1

Pose scientific questions.

S.P. 3.2

Refine scientific questions.

S.P. 3.3

Evaluate scientific questions.

S.P. 4.1

Justify the selection of the kind of data needed to answer a particular scientific
question.

S.P. 4.2

Design a plan for collecting data to answer a particular scientific question.

S.P. 4.3

Collect data to answer a particular scientific question.

S.P. 5.1

Analyze data to identify patterns or relationships.

S.P. 6.1

Justify claims with evidence.

Unit Essential Questions




What are the aspects of a complete scientific argument?
What information can be inferred from a graph or diagram of data?
What constraints exist that can be used to predict the behavior of objects?

Scope and Sequence





Physics is the study of matter and interactions.
Physics uses the SI system of units for measured and calculated quantities.
Relationships between quantities are often interpreted using graphs. Features of a graph
(such as slope, intercepts, and bound area) often correlate to other interesting quantities.
A clear, coherent scientific argument includes three aspects: a claim (precise answer to
the prompt), evidence (specific to the scenario at hand), and reasoning (connection to
overarching scientific principles).
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Objects/systems in our universe possess certain properties that allow them to interact with
other objects/systems. These interactions are called forces, and can result in the
interacting systems changing their behavior.
There are three quantities in the universe that have a fixed total value: linear momentum,
angular momentum, and energy. Any increase in one of these quantities in one system
must be accompanied by a decrease in another system. These constraints can be used to
explain or predict the motion of objects.

Assured Assessments
Formative Assessment:
 Measuring & Graphing Lab
Students will learn proper techniques for measuring quantities, making calculations,
graphing data, and analyzing graphs.
Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Laboratory equipment including, but not limited to:
o Motion detectors
o Ticker timers
o Constant velocity carts
o Low-friction tracks and carts
o Photogate trigger apparatus
o Metersticks
Supplemental
 Online resources
o Flipping Physics. https://www.flippingphysics.com/. Web.
o Khan Academy. https://www.youtube.com/user/khanacademy. Web.
o The Physics Classroom. https://www.physicsclassroom.com/. Web.
o University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.
Time Allotment


Approximately 6 class sessions (1 week)
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UNIT 1
Kinematics
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
LO 3.A.1.1

Express the motion of an object using narrative, mathematical, and graphical
representations.

LO 3.A.1.2

Design an experimental investigation of the motion of an object

LO 3.A.1.3

Analyze experimental data describing the motion of an object and be able to
express the results of the analysis using narrative, mathematical, and graphical
representations.

LO 4.A.1.1

Use representations of the center of mass of an isolated two-object system to
analyze the motion of the system qualitatively and semi-quantitatively.

LO 4.A.2.1

Make predictions about the motion of a system based on the fact that acceleration
is equal to the change in velocity per unit time, and velocity is equal to the change
in position per unit time.

LO 4.A.2.3

Create mathematical models and analyze graphical relationships for acceleration,
velocity, and position of the center of mass of a system and use them to calculate
properties of the motion of the center of mass of a system.

Unit Essential Questions






How can the motion of objects (or systems) be predicted and/or explained?
Can equations be used to answer questions regardless of the questions’ specificity?
How can the idea of frames of reference allow two people to tell the truth yet have
conflicting reports?
How can we use models to help us understand motion?
Why is the general rule for stopping your car “when you double your speed, you must
give yourself four times as much distance to stop”?

Scope and Sequence


Constant velocity model
o Position is determined on a selected coordinate system.
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o Velocity is defined as change in position divided by time interval and includes both
magnitude (speed) and direction.
o Velocity depends upon reference frame.
o Constant velocity is not detectable without reference to another object.
o System velocity is determined by the motion of the system mass center.
 Constant acceleration
o Acceleration is defined as velocity change divided by time interval
o Acceleration can occur as velocity change in magnitude (speed), direction, or both.
o Constant acceleration scenarios are quantified through kinematic equations.
 Position, velocity and acceleration can be represented by:
o Graphs as functions of time
o Numerical values determined using the graphs or the kinematic equations
o Particle models representing system mass center motion
Assured Assessments
Formative Assessment:
 Activity 1
Using a plastic ruler, stopwatch, and kinematic relationships, students will determine
their own reaction time. One student will hold the ruler vertically (zero end down) from
the top end, the other student will hold his/her thumb and finger about 2cm apart at the
zero end. The student will release the ruler unannounced and the catching student will
react. By noting the catching position on the ruler, the reaction time can be calculated
using free-fall kinematics.
 Teacher-designed assessments based on released Advanced Placement questions (both
multiple-choice and free-response)
 TIPERs activities (rankings, graph analysis, evaluating student responses, etc.)
Summative Assessment:
 Lab 0
Students will be introduced to Pasco and Vernier probes which will be available to them
throughout the year for their lab investigations. Probes include, but are not limited to:
Photogate, Smart Pulley, Sonic Ranger, Force Sensor, Accelerometer, and Force Sensor
Platform for measuring weight. The students will then be familiarized with functionality
of the dynamics cart and track set-up for kinematics experiments. Students will then be
presented with instructions on how to use the Probe interface for connecting probes and
taking measurements. The students will then be given time within their lab groups to use
the sensors and take some anecdotal measurements for the purposes of being acquainted
with the data acquiring equipment.
 Lab 1: “Walk a Graph”
Students, within their lab groups, will be presented with various constant velocity graphs
on paper and will be challenged to individually replicate the graphs by walking
appropriately in front of the sonic ranging detector. The output graphs of the sonic
ranging detector will be projected on the classroom SMARTBoard.
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Lab 2: “Where and When I”
Students will be presented with two constant velocity carts which move at different fixed
velocities. They will be challenged with accurately predicting where (place) and when
(time) the cars will collide after being placed facing each other on a line approximately
3m apart. The students will be expected to take relevant measurements of each car
independently and will be expected to make their claim of collision location and time
based on position-time and velocity-time graphs they will construct for their dynamics
cart data.
Lab 3: “Experimentally Determining ‘g’”
Students will be instructed to gather position time and velocity time data for a freely
falling object and then will be expected to construct position time and velocity time
graphs. The students will then be charged with determining “g” from the velocity time
graph.
Lab 4: “Speeder and the Policeman”
Students will simulate the following scenario using a variable angle ramp, a marble, a
constant velocity cart, and appropriate measuring devices: A speeder passes a stationary
police car; at that moment the police car begins pursuit of the speeder with constant
acceleration and eventually catches up to the speeder. The ramp and marble will simulate
the police officer and the constant velocity car will simulate the speeder. The students
will determine the velocity of the car by taking appropriate measurements. The students
will then construct superimposed displacement-time and velocity-time graphs and
determine how the graphs for each vehicle are different, where they intersect, and what is
the final velocity of the police car.
Lab 5: “Linearizing Data”
Students will acquire velocity as a function of position data for a cart accelerating down
an inclined track. The students will then linearize their non-linear data and determine the
acceleration from the slope of the linearized graph.
Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination

Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Hieggelke, C.J., Steve Kanim, D.P. Maloney, and T.L. O’Kuma. TIPERs: Sensemaking
Tasks for Introductory Physics. New York: Pearson, 2013. Print.
 Laboratory equipment including, but not limited to:
o Motion detectors
o Ticker timers
o Constant velocity carts
o Low-friction tracks and carts
o Photogate trigger apparatus
o Metersticks
Supplemental
 Online resources
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Flipping Physics. https://www.flippingphysics.com/. Web.
Khan Academy. https://www.youtube.com/user/khanacademy. Web.
The Physics Classroom. https://www.physicsclassroom.com/. Web.
University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.

Time Allotment


Approximately 16 class sessions (3 weeks)
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UNIT 2
Dynamics
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
LO 1.A.5.1

Model verbally or visually the properties of a system based on its substructure and
relate this to changes in the system properties over time as external variables are
changed.

LO 2.B.1.1

Apply
to calculate the gravitational force on an object with mass m in a
gravitational field of strength g in the context of the effects of a net force on
objects and systems.

LO 3.C.4.1

Make claims about various contact forces between objects based on the
microscopic cause of these forces.

LO 3.C.4.2

Explain contact forces (tension, friction, normal, buoyant, spring) as arising from
interatomic electric forces and that they therefore have certain directions.

LO 1.C.1.1

Design an experiment for collecting data to determine the relationship between
the net force exerted on an object, its inertial mass, and its acceleration.

LO 1.C.3.1

Design a plan for collecting data to measure gravitational mass and inertial mass
and to distinguish between the two experiments.

LO 3.A.2.1

Represent forces in diagrams or mathematically using appropriately labeled
vectors with magnitude, direction, and units during the analysis of a situation.

LO 3.A.3.1

Analyze a scenario and make claims (supported by evidence and reasoning) about
the forces exerted on an object by other objects for different types of forces or
components of forces.

LO 3.A.3.2

Challenge a claim that an object can exert a force on itself.

LO 3.A.3.3

Describe a force as an interaction between two objects, and identify both objects
for any force.

LO 3.A.4.1

Construct explanations of physical situations involving the interaction of bodies
using Newton’s third law and the representation of action reaction pairs of forces.
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LO 3.A.4.2

Use Newton’s third law to make claims and predictions about the action-reaction
pairs of forces when two objects interact.

LO 3.A.4.3

Analyze situations involving interactions among several objects by using freebody diagrams that include the application of Newton’s third law to identify
forces.

LO 3.B.1.1

Predict the motion of an object subject to forces exerted by several objects using
an application of Newton’s second law in a variety of physical situations, with
acceleration in one dimension.

LO 3.B.1.2

Design a plan to collect and analyze data for motion (static, constant, or
accelerating) from force measurement, and carry out an analysis to determine the
relationship between the net force and the vector sum of the individual forces.

LO 3.B.1.3

Re-express a free-body diagram into a mathematical representation, and solve the
mathematical representation for the acceleration of the object.

LO 3.B.2.1

Create and use free-body diagrams to analyze physical situations to solve
problems with motion qualitatively and quantitatively.

LO 4.A.1.1

Use representations of the center of mass of an isolated two-object system to
analyze the motion of the system qualitatively and semi-quantitatively.

LO 4.A.2.2

Evaluate, using given data, whether all the forces on a system or all the parts of a
system have been identified.

LO 4.A.3.1

Apply Newton’s second law to systems to calculate the change in the center-ofmass velocity when an external force is exerted on the system.

LO 4.A.3.2

Use visual or mathematical representations of the forces between objects in a
system to predict whether or not there will be a change in the center-of-mass
velocity of that system.

Unit Essential Questions








How can the properties of internal and gravitational mass be experimentally verified to be
the same?
How do you decide what to believe about scientific claims?
How does something we cannot see determine how an object behaves?
How do objects with mass respond when placed in a gravitational field?
Why is the acceleration due to gravity constant on Earth’s surface?
Are different kinds of forces really different?
How can Newton’s laws of motion be used to predict the behavior of objects?

Advanced Placement Physics 1

25



Why does the same push change the motion of a shopping cart more than the motion of a
car?

Scope and Sequence















Forces are interactions between objects or systems and within systems. Gravitational
forces result from the interaction of objects with mass. Electromagnetic forces result from
the interaction of objects with charge. On the macroscopic scale, electromagnetic forces
result in “contact forces” including normal forces, friction forces, tension forces, and
spring/elastic forces.
Forces are vector quantities that have magnitude (measured in Newtons) and direction.
The vector sum of all forces acting on a system is called the “net force.”
Newton’s 1st Law states that if the net force acting on a system is zero, the system will
maintain a constant velocity; if the net force acting on a system is non-zero, the system’s
velocity will change.
Newton’s 2nd Law states that the acceleration of a system is directly proportional to the
net force acting on the system and inversely proportional to the system’s mass (inertia).
The direction of the acceleration will always be the same as the direction of the net force.
Newton’s 3rd Law states that any interaction between objects/systems results in two
forces: the force exerted on the first object by the second, and the force exerted on the
second object by the first. These two forces always have the same magnitude, but act in
opposite directions. This results in conservation of momentum.
Gravitational forces result from the interaction of objects with mass. This force is
generally weak unless at least one of the objects has a substantial amount of mass (such
as planets and stars). Near Earth’s surface, the only non-negligible gravitational force is
the force exerted by Earth on a system. This force is proportional to the mass of the
system and the Earth’s gravitational field strength, g, where g = 9.8 N/kg. [This
interaction will be further explored in Unit 3.] Relevant equation:
.
Normal forces result from the surfaces of the interacting objects squishing each other
(compressing the chemical bonds holding the objects together). The strength of this
interaction is situational and depends on the other forces acting on the objects.
Friction forces result from the surfaces of the interacting objects shearing each other; this
could be the result of relative motion between the two objects or not. If there is relative
motion between the two sheared surfaces, this force is described as a kinetic friction
force, the strength of which depends only on the normal force between the surfaces and
the “grabbiness” of the surfaces (quantified as the coefficient of kinetic friction, ). If
the two surfaces are stationary relative to each other, there could still be a frictional
interaction described as a static friction force. The strength of the static friction force is
situational (dependent on other forces acting on the objects), but does have an upper limit
which is proportional to the normal force between the surfaces and the “grabbiness” of
the surfaces (quantified as the coefficient of static friction, ). As a general rule, the
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coefficient of static friction between two surfaces is a greater value than the coefficient of
kinetic friction between the same two surfaces.
Tension forces result from the interacting objects stretching each other, and are most
commonly used to describe the behavior of a rope, string, or wire. The strength of this
interaction is situational and depends on the other forces acting on the objects.
Spring/elastic forces are similar to both normal and tension forces, as they are the result
of the interacting objects squishing or stretching each other. The force exerted by an ideal
spring can be modeled using Hooke’s Law, where the strength of the spring force is
directly proportional to the spring’s change in length (from its rest position) and the
rigidness of the spring, quantified as the spring constant, k, measured in units of newtons
per meter (N/m).
Mass plays two distinct roles in our universe: mass is a measurement of an object’s
inertia, its resistance to acceleration; mass also determines the strength of the
gravitational force between two objects. There is no known quantitative difference
between these two aspects of mass.

Assured Assessments
Formative Assessment:
 Activity 1: Dueling Forces
Students will explore a series of situations involving two interacting blocks, make
predictions on the magnitude and direction of forces acting on each block, and predict the
relative strength of the forces the blocks exert on each other. Predictions will be tested
against reality using Pasco force sensors and software.
 Activity 2: Broom Ball
Students will participate in a relay race obstacle course to deepen their understanding of
the relationship between mass, force, and acceleration. A follow-up handout will have the
students think deeply about their experiences at different points in the course and
articulate the motion of the bowling ball and its interaction with the broom at those
snapshots.
 Teacher-designed assessments based on released Advanced Placement questions (both
multiple-choice and free-response)
 TIPERs activities (rankings, graph analysis, evaluating student responses, etc.)
Summative Assessment:
 Lab 1: Empirical Force Investigation – Gravitation
Students will design an experiment to find a quantitative relationship between the mass of
a system and the gravitational force exerted on that system by the Earth.
 Lab 2: Empirical Force Investigation – Spring
Students will design an experiment to find a quantitative relationship between the
distance a spring is stretched and the force exerted by that stretched spring.
 Lab 3: Empirical Force Investigation – Friction
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Students will design experiments to investigate the factors that affect the strength of the
frictional force between two surfaces.
Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination

Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Hieggelke, C.J., Steve Kanim, D.P. Maloney, and T.L. O’Kuma. TIPERs: Sensemaking
Tasks for Introductory Physics. New York: Pearson, 2013. Print.
 Laboratory equipment including, but not limited to:
o Motion detectors
o Ticker timers
o Constant velocity carts
o Low-friction tracks and carts
o Photogate trigger apparatus
o Metersticks
Supplemental
 Online resources
o Flipping Physics. https://www.flippingphysics.com/. Web.
o Khan Academy. https://www.youtube.com/user/khanacademy. Web.
o The Physics Classroom. https://www.physicsclassroom.com/. Web.
o University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.
Time Allotment


Approximately 19 class sessions (4 weeks)
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UNIT 3
Circular Motion and Gravitation
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
Describe vector fields as areas in space where field values are represented by
vectors indicating both direction and magnitude.
LO 3.G.1.1

Articulate situations when the gravitational force is the dominant force and when
the electromagnetic, weak, and strong forces can be ignored

LO 3.C.1.1

Use Newton’s law of gravitation to calculate the gravitational force that two
objects exert on each other and use that force in contexts other than orbital
motion.

LO 3.C.1.2

Use Newton’s law of gravitation to calculate the gravitational force between two
objects and use that force in contexts involving orbital motion.

LO 3.C.2.2

Connect the concepts of gravitational force and electric force to compare
similarities and differences between the forces.

LO 2.B.1.1

Apply
to calculate the gravitational force on an object with mass m in a
gravitational field of strength g in the context of the effects of a net force on
objects and systems.

LO 2.B.2.1

Apply
to calculate the gravitational field due to an object with mass m,
where the field is a vector directed toward the center of the object of mass m.

LO 2.B.2.2

Approximate a numerical value of the gravitational field (g) near the surface of an
object from its radius and mass relative to those of Earth or other reference
objects.

LO 1.C.3.1

Design a plan for collecting data to measure gravitational mass and to measure
inertial mass and to distinguish between the two experiments.

LO 4.A.2.2

Evaluate, using given data, whether all the forces on a system or whether all the
parts of a system have been identified.
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LO 3.B.1.2

Design a plan to collect and analyze data for motion (static, constant, or
accelerating) from force measurements, and carry out an analysis to determine the
relationship between the net force and the vector sum of the individual forces.

LO 3.B.1.3

Re-express a free-body diagram representation into a mathematical
representation, and solve the mathematical representation for the acceleration of
the object.

LO 3.B.2.1

Create and use free-body diagrams to analyze physical situations to solve
problems with motion qualitatively and quantitatively.

LO 3.A.1.1

Express the motion of an object using narrative, mathematical, and graphical
representations.

LO 3.A.1.2

Design an experimental investigation of the motion of an object.

LO 3.A.1.3

Analyze experimental data describing the motion of an object and express the
results of the analysis using narrative, mathematical, and graphical
representations.

LO 3.A.2.1

Represent forces in diagrams or mathematically, using appropriately labeled
vectors with magnitude, direction, and units during the analysis of a situation.

LO 3.A.3.1

Analyze a scenario and make claims (develop arguments, justify assertions) about
the forces exerted on an object by other objects for different types of forces or
components of forces.

LO 3.A.3.3

Describe a force as an interaction between two objects and identify both objects
for any force.

LO 3.A.4.1

Construct explanations of physical situations involving the interaction of bodies
using Newton’s third law and the representation of action-reaction pairs of forces.

LO 3.A.4.2

Use Newton’s third law to make claims and predictions about the action-reaction
pairs of forces when two objects interact.

LO 3.A.4.3

Analyze situations involving interactions among several objects by using freebody diagrams that include the application of Newton’s third law to identify
forces.

Unit Essential Questions





How does changing the mass of an object affect the gravitational force?
Why is a refrigerator hard to push in space?
Why do we feel pulled toward Earth but not toward a pencil?
How can the acceleration due to gravity be modified?
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How can Newton’s laws of motion be used to predict the behavior of objects?
How can we use forces to predict the behavior of objects and keep us safe?
How is the acceleration of the center of mass of a system related to the net force exerted
on the system?
Why is it more difficult to stop a fully loaded dump truck than a small passenger car?

Scope and Sequence








A net force exerted on a system causes the system to accelerate. This could result in the
system speeding up (if the net force is directed parallel to the system’s direction of
motion), slowing down (if the net force is directed antiparallel to the system’s direction
of motion), and/or changing direction (if the net force has a component perpendicular to
the system’s direction of motion).
The motion of an object along a circular path at constant speed is called uniform circular
motion, and is the result of a net force directed towards the center (centripetal) of the
motion. This net force causes a centripetal acceleration that is related to the speed (v) and
radius of the path (r) by:
.
The gravitational force is a fundamental attractive interaction between any objects with
mass. The strength of this force is directly proportional to the mass of both interacting
objects and inversely proportional to the square of the distance between them. (For
objects of non-negligible volume, this distance is measured from center-of-mass to
center-of-mass.)
The gravitational field strength at a point in three-dimensional space represents the force
per unit of mass (newtons per kilogram) a system would experience at that location. If
this location is near the surface of a massive object (such as a moon, planet, or star), this
strength is directly proportional to the mass of the massive object, and inversely
proportional to the square of the distance measured from the object’s center-of-mass to
the location.

Assured Assessments
Formative Assessment:
 Activity 1: Driving in Circles
Students will be presented with a constant velocity cart tethered to a ring stand with a
rope. When switched on, the cart drives in a circle around the ring stand. Students will
use this apparatus to answer a series of questions, including determining the speed of the
cart and deciding whether the cart is accelerating. This activity is designed as a bridge
between Units 2 and 3.
 Teacher-designed assessments based on released Advanced Placement questions (both
multiple-choice and free-response)
 TIPERs activities (rankings, graph analysis, evaluating student responses, etc.)
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Summative Assessment:
 Lab Practicum
Students will use their understanding of the physics of circular motion to determine the
mass of a rubber stopper.
 Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination
Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Hieggelke, C.J., Steve Kanim, D.P. Maloney, and T.L. O’Kuma. TIPERs: Sensemaking
Tasks for Introductory Physics. New York: Pearson, 2013. Print.
 Laboratory equipment including, but not limited to:
o Motion detectors
o Ticker timers
o Constant velocity carts
o Low-friction tracks and carts
o Photogate trigger apparatus
o Metersticks
Supplemental
 Online resources
o Flipping Physics. https://www.flippingphysics.com/. Web.
o Khan Academy. https://www.youtube.com/user/khanacademy. Web.
o The Physics Classroom. https://www.physicsclassroom.com/. Web.
o University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.
Time Allotment


Approximately 9 class sessions (2 weeks)
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UNIT 4
Energy
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
LO 5.A.2.1

Define open and closed systems for everyday situations and apply conservation
concepts for energy, charge, and linear momentum to those situations.

LO 3.E.1.1

Make predictions about the changes in kinetic energy of an object based on
considerations of the direction of the net force on the object as the object moves.

LO 3.E.1.2

Use net force and velocity vectors to determine qualitatively whether the kinetic
energy of an object would increase, decrease, or remain unchanged.

LO 3.E.1.3

Use force and velocity vectors to determine qualitatively or quantitatively the net
force exerted on an object and qualitatively whether the kinetic energy of that
object would increase, decrease, or remain unchanged.

LO 3.E.1.4

Apply mathematical routines to determine the change in kinetic energy of an
object given the forces on the object and the displacement of the object.

LO 4.C.1.1

Calculate the total energy of a system and justify the mathematical routines used
in the calculation of component types of energy within the system whose sum is
the total energy.

LO 4.C.1.2

Predict changes in the total energy of a system due to changes in position and
speed of objects or frictional interactions within the system.

LO 4.C.2.1

Make predictions about the changes in the mechanical energy of a system when a
component of an external force acts parallel or antiparallel to the direction of the
displacement of the center of mass.

LO 4.C.2.2

Apply the concepts of conservation of energy and the work-energy theorem to
determine qualitatively and/or quantitatively that work done on a two-object
system in linear motion will change the kinetic energy of the center of mass of the
system, the potential energy of the systems, and/or the internal energy of the
system.

LO 5.B.1.1

Create a representation or model showing that a single object can only have
kinetic energy and use information about that object to calculate its kinetic
energy.
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LO 5.B.1.2

Translate between a representation of a single object, which can only have kinetic
energy, and a system that includes the object, which may have both kinetic and
potential energies.

LO 5.B.2.1

Calculate the expected behavior of a system using the object model (i.e., by
ignoring changes in internal structure) to analyze a situation. Then, when the
model fails, justify the use of conservation of energy principles to calculate the
change in internal energy due to changes in internal structure because the object is
actually a system.

LO 5.B.3.1

Describe and make qualitative and/or quantitative predictions about everyday
examples of systems with internal potential energy.

LO 5.B.3.2

Make quantitative calculations of the internal potential energy of a system from a
description or diagram of that system.

LO 5.B.3.3

Apply mathematical reasoning to create a description of the internal potential
energy of a system from a description or diagram of the objects and interactions in
that system.

LO 5.B.4.1

Describe and make predictions about the internal energy of systems.

LO 5.B.4.2

Calculate changes in kinetic energy and potential energy of a system using
information from representations of that system.

LO 5.B.5.1

Design an experiment and analyze data to determine how a force exerted on an
object or system does work on the object or system as it moves through a
distance.

LO 5.B.5.2

Design an experiment and analyze graphical data in which interpretations of the
area under a force-distance curve are needed to determine the work done on or by
the object or system.

LO 5.B.5.3

Predict and calculate from graphical data the energy transfer to or work done on
an object or system from information about a force exerted on the object or
system through a distance.

LO 5.B.5.4

Make claims about the interaction between a system and its environment in which
the environment exerts a force on the system, thus doing work on the system and
changing the energy of the system (kinetic energy plus potential energy).

LO 5.B.5.5

Predict and calculate the energy transfer to (i.e., the work done on) an object or
system from information about a force exerted on the object or system through a
distance.
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Unit Essential Questions








How does pushing something give it energy?
How is energy exchanged and transformed within or between systems?
How does the choice of system influence how energy is stored or how work is done?
How does energy conservation allow the riders in the back car of a rollercoaster to have a
thrilling ride?
How can the idea of potential energy describe the work done to move celestial bodies?
How is energy transferred between objects or systems?
How does the law of conservation of energy govern the interactions between objects
and systems?

Scope and Sequence













Energy is a fundamental quantity of nature that exists in a variety of types, including (but
not limited to) kinetic energy, gravitational potential energy, spring potential energy,
electrical potential energy, and thermal energy. The SI unit for all energy types is the
joule (J).
Energy can be transferred between objects/systems or transformed between types or both.
Any of these events are mitigated by forces exerted through a displacement of the
object/system.
Energy is a conserved quantity. Any event that causes one system to gain energy must
also result in another system losing an equal amount of energy. Similarly, any event that
causes one type of energy to increase must cause an equivalent decrease in other energy
types.
Kinetic energy is energy associated with an object’s motion and is quantified as
,
where m is the object’s mass and v is the object’s speed.
Gravitational potential energy is energy associated with an object’s location in another’s
gravitational field. In a uniform field of strength g, gravitational potential energy is
quantified as
, where m is the mass of the object in the field and h is its vertical
position measured from an arbitrary reference height. In a non-uniform gravitational
field, gravitational potential energy is quantified as
, where m1 is the mass
of the object in the field, m2 is the mass of the object creating the field, r is the distance
between the two objects, and G is the universal gravitational constant.
Spring potential energy is energy associated with a stretched or compressed spring and is
quantified as
, where k is the spring constant of the spring and x is the distance
it has been stretched or compressed from its rest length.
The transfer/transformation of energy is known as work. Work is done by a force exerted
through space, contributing to the displacement of an object. The work done by a force
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(and therefore the amount of energy that has been transferred/transformed) can be
quantified as
, where F is the magnitude of the force exerted on the object,



d is the magnitude of the displacement of the object, and is the angle between the force
vector and displacement vector. Work can also be quantified as the area under a Force vs.
Position graph. Like energy, work is measured in joules.
The rate at which work is done is known as power. The SI unit for power is the watt (W)
which is equivalent to a joule per second (J/s).

Assured Assessments
Formative Assessment:
 Teacher-designed assessments based on released Advanced Placement questions (both
multiple-choice and free-response)
 TIPERs activities (rankings, graph analysis, evaluating student responses, etc.)
Summative Assessment:
 Lab: Human Power Activity
Students will calculate the power their legs can develop as they walk up a flight of stairs.
 Lab: Collide & Slide Practicum
A track is set up with a long horizontal section and a short incline at one end. A cart will
start from rest at the top of the incline, travel down to the horizontal section, and then
collide and stick to another cart that is placed upside-down on the track. Friction between
the track and the upside-down cart cause the system to slide to a stop. Students will need
to determine where the upside-down cart should be initially placed such that the system
stops as close as possible to a predetermined point.
 Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination
Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Hieggelke, C.J., Steve Kanim, D.P. Maloney, and T.L. O’Kuma. TIPERs: Sensemaking
Tasks for Introductory Physics. New York: Pearson, 2013. Print.
 Laboratory equipment including, but not limited to:
o Motion detectors
o Ticker timers
o Constant velocity carts
o Low-friction tracks and carts
o Photogate trigger apparatus
o Metersticks
Supplemental
 Online resources
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o
o
o
o

Flipping Physics. https://www.flippingphysics.com/. Web.
Khan Academy. https://www.youtube.com/user/khanacademy. Web.
The Physics Classroom. https://www.physicsclassroom.com/. Web.
University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.

Time Allotment


Approximately 19 class sessions (4 weeks)
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UNIT 5
Momentum
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
LO 3.D.1.1

Justify the selection of data needed to determine the relationship between the
direction of the force acting on an object and the change in momentum caused by
that force.

LO 3.D.2.1

Justify the selection of routines for the calculation of the relationships between
changes in momentum of an object, average force, impulse, and time of
interaction.

LO 3.D.2.2

Predict the change in momentum of an object from the average force exerted on
the object and the interval of time during which the force is exerted.

LO 3.D.2.3

Analyze data to characterize the change in momentum of an object from the
average force exerted on the object and the interval of time during which the force
is exerted.

LO 3.D.2.4

Design a plan for collecting data to investigate the relationship between changes
in momentum and the average force exerted on an object over time.

LO 4.B.1.1

Calculate the change in linear momentum of a two-object system with constant
mass in linear motion from a representation of the system (data, graphs, etc.).

LO 4.B.1.2

Analyze data to find the change in linear momentum for a constant-mass system
using the product of the mass and the change in velocity of the center of mass.

LO 4.B.2.1

Apply mathematical routines to calculate the change in momentum of a system by
analyzing the average force exerted over a certain time on the system.

LO 4.B.2.2

Perform an analysis on data presented as a force-time graph and predict the
change in momentum of a system.

LO 5.A.2.1

Define open and closed systems for everyday situations and apply conservation
concepts for energy, charge, and linear momentum to those situations.

LO 5.D.1.1

Make qualitative predictions about natural phenomena based on conservation of
linear momentum and restoration of kinetic energy in elastic collisions.
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LO 5.D.1.2

Apply the principles of conservation of momentum and restoration of kinetic
energy to reconcile a situation that appears to be isolated and elastic, but in which
data indicate that linear momentum and kinetic energy are not the same after the
interaction, by refining a scientific question to identify interactions that have not
been considered.

LO 5.D.1.3

Apply mathematical routines appropriately to problems involving elastic
collisions in one dimension and justify the selection of those mathematical
routines based on conservation of momentum and restoration of kinetic energy.

LO 5.D.1.4

Design an experimental test of an application of the principle of the conservation
of linear momentum, predict an outcome of the experiment using the principle,
analyze data generated by that experiment whose uncertainties are expressed
numerically, and evaluate the match between the prediction and the outcome.

LO 5.D.1.5

Classify a given collision situation as elastic or inelastic, justify the selection of
conservation of linear momentum and restoration of kinetic energy as the
appropriate principles for analyzing an elastic collision, solve for missing
variables, and calculate their values.

LO 5.D.2.1

Qualitatively predict, in terms of linear momentum and kinetic energy, how the
outcome of a collision between two objects changes depending on whether the
collision is elastic or inelastic.

LO 5.D.2.2

Plan data-collection strategies to test the law of conservation of momentum in a
two-object collision that is elastic or inelastic and analyze the resulting data
graphically.

LO 5.D.2.3

Apply the conservation of linear momentum to a closed system of objects
involved in an inelastic collision to predict the change in kinetic energy.

LO 5.D.2.4

Analyze data that verify conservation of momentum in collisions with and
without an external frictional force.

LO 5.D.2.5

Classify a given collision situation as elastic or inelastic, justify the selection of
conservation of linear momentum as the appropriate solution method for an
inelastic collision, recognize that there is a common final velocity for the
colliding objects in the totally inelastic case, solve for missing variables, and
calculate their values.

LO 5.D.3.1

Predict the velocity of the center of mass of a system when there is no interaction
outside of the system but there is an interaction within the system.

Unit Essential Questions


How does pushing an object change its momentum?
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How do interactions with other objects or systems change the linear momentum of a
system?
How is the physics definition of momentum different from how momentum is used to
describe things in everyday life?
How does the law of the conservation of momentum govern interactions between objects
or systems?
How can momentum be used to determine fault in car crashes?

Scope and Sequence
 Linear momentum is defined as the product of a system’s mass and its velocity. Linear
momentum is a vector quantity, having the same direction as the velocity vector.
 Momentum is transferred to or from an object/system via forces (interactions with other
objects/systems).
 Momentum is a conserved quantity, meaning the total amount of momentum in the
universe is fixed.
 A system is defined as “closed” if the total momentum is constant (no momentum is
exchanged with the environment). A system is defined as “open” if it gains momentum
from or loses momentum to the environment.
 The area under a force vs. time graph is called an impulse. The impulse caused by a net
force acting on an object/system is equal to change in momentum of the object/system.
Assured Assessments
Formative Assessment:
 Lab Investigation 1: Sticky Collisions
A low-friction cart is pushed along a track such that it collides and sticks to another lowfriction cart (initially at rest). Students will find a relationship between pre- and postcollision speeds and relate that to the masses of the carts.
 Teacher-designed assessments based on released Advanced Placement questions (both
multiple-choice and free-response)
 TIPERs activities (rankings, graph analysis, evaluating student responses, etc.)
Summative Assessment:
 Collision Lab Practicum
A low-friction cart sits at rest on a track, an object of unknown mass resting on top. A
second low-friction cart is given a push such that it collides and sticks to the first.
Students will use their understanding of conservation of momentum to determine the
mass of the unknown.
 Explosion Lab Practicum
Two low-friction carts sit together at rest on a horizontal track. An object of unknown
mass rests on top of one of them. The plunger mechanism of one of the carts is activated,
causing the carts to push off each other traveling in opposite directions along the track.
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With a limited equipment list, students will use their understanding of conservation of
momentum to determine the mass of the unknown.
Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination

Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Hieggelke, C.J., Steve Kanim, D.P. Maloney, and T.L. O’Kuma. TIPERs: Sensemaking
Tasks for Introductory Physics. New York: Pearson, 2013. Print.
 Laboratory equipment including, but not limited to:
o Motion detectors
o Ticker timers
o Constant velocity carts
o Low-friction tracks and carts
o Photogate trigger apparatus
o Metersticks
Supplemental
 Online resources
o Flipping Physics. https://www.flippingphysics.com/. Web.
o Khan Academy. https://www.youtube.com/user/khanacademy. Web.
o The Physics Classroom. https://www.physicsclassroom.com/. Web.
o University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.
Time Allotment


Approximately 13 class sessions (3 weeks)
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UNIT 6
Simple Harmonic Motion
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
LO 3.B.3.1

Predict which properties determine the motion of a simple harmonic oscillator and
what the dependence of the motion is on those properties.

LO 3.B.3.2

Design a plan and collect data in order to ascertain the characteristics of the
motion of a system undergoing oscillatory motion caused by a restoring force.

LO 3.B.3.3

Analyze data to identify qualitative and quantitative relationships between given
values and variables (i.e., force, displacement, acceleration, velocity, period of
motion, frequency, spring constant, string length, mass) associated with objects in
oscillatory motion and use those data to determine the value of an unknown.

LO 3.B.3.4

Construct a qualitative and/ or quantitative explanation of oscillatory behavior
given evidence of a restoring force.

LO 5.B.2.1

Calculate the expected behavior of a system using the object model (i.e., by
ignoring changes in internal structure) to analyze a situation. Then, when the
model fails, justify the use of conservation of energy principles to calculate the
change in internal energy due to changes in internal structure because the object is
actually a system.

LO 5.B.3.1

Describe and make qualitative and/or quantitative predictions about everyday
examples of systems with internal potential energy.

LO 5.B.3.2

Make quantitative calculations of the internal potential energy of a system from a
description or diagram of that system.

LO 5.B.3.3

Apply mathematical reasoning to create a description of the internal potential
energy of a system from a description or diagram of the objects and interactions in
that system.

LO 5.B.4.1

Describe and make predictions about the internal energy of systems.

LO 5.B.4.2

Calculate changes in kinetic energy and potential energy of a system using
information from representations of that system.
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Unit Essential Questions







How does a restoring force differ from a “regular” force?
How does the presence of restoring forces predict and lead to harmonic motion?
How does a spring cause an object to oscillate?
How can oscillations be used to make our lives easier?
How does the law of conservation of energy govern the interactions between objects and
systems?
How can energy stored in a spring be used to create motion?

Scope and Sequence
 A pendulum consists of a mass suspended from a rope that swings back and forth about
an equilibrium position. The period of this cyclical motion is related to the length of the
pendulum and the local gravitational field strength by the equation:
. The
behavior of the pendulum is due to a net restoring force directed towards the equilibrium
position.
 A mass attached to a vertical or horizontal spring can also undergo cyclical motion about
an equilibrium position. The period of this cyclical motion is related to the inertia of the
mass and the spring constant of the spring by the equation:
. The behavior of
the mass is due to a net restoring force directed towards the equilibrium position.
 From an energy perspective, the motions of both the pendulum and mass on a spring are
predicated on the transformation of kinetic energy to potential energy and back again.
Assured Assessments
Formative Assessment:
 Teacher-designed assessments based on released Advanced Placement questions (both
multiple-choice and free-response)
 TIPERs activities (rankings, graph analysis, evaluating student responses, etc.)
Summative Assessment:
 Lab 1: Pendulum
Students will investigate multiple variables that may affect the period of a pendulum.
Students will attempt to form a mathematical model between the most significant variable
and its effect on the period, and then use that model to predict the period of a pendulum
designed by the teacher.
 Lab 2: Mass on a Spring
Students will find a relationship between the amount of mass and the period of
oscillation. Students will find a relationship between the spring constant and the period of
oscillation.

Advanced Placement Physics 1

43



Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination

Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Hieggelke, C.J., Steve Kanim, D.P. Maloney, and T.L. O’Kuma. TIPERs: Sensemaking
Tasks for Introductory Physics. New York: Pearson, 2013. Print.
 Laboratory equipment including, but not limited to:
o Motion detectors
o Ticker timers
o Constant velocity carts
o Low-friction tracks and carts
o Photogate trigger apparatus
o Metersticks
o Springs
o Mass sets
Supplemental
 Online resources
o Flipping Physics. Web.
o Khan Academy. https://www.youtube.com/user/khanacademy. Web.
o The Physics Classroom. https://www.physicsclassroom.com/. Web.
o University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.
Time Allotment


Approximately 9 class sessions (2 weeks)
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UNIT 7
Torque and Rotational Motion
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
LO 3.A.1.1

Express the motion of an object using narrative, mathematical, and graphical
representations.

LO 3.F.1.1

Use representations of the relationship between force and torque.

LO 3.F.1.3

Estimate the torque on an object caused by various forces in comparison with
other situations.

LO 3.F.1.4

Design an experiment and analyze data testing a question about torques in a
balanced rigid system.

LO 3.F.1.5

Calculate torques on a two-dimensional system in static equilibrium by examining
a representation or model (such as a diagram or physical construction).

LO 3.F.2.1

Make predictions about the change in the angular velocity about an axis for an
object when forces exerted on the object cause a torque about that axis.

LO 3.F.2.2

Plan data-collection and analysis strategies designed to test the relationship
between a torque exerted on an object and the change in angular velocity of that
object about an axis.

LO 3.F.3.1

Predict the behavior of rotational collision situations by the same processes that
are used to analyze linear collision situations using an analogy between impulse
and change of linear momentum and angular impulse and change of angular
momentum.

LO 3.F.3.2

In an unfamiliar context or using representations beyond equations, justify the
selection of a mathematical routine to solve for the change in angular momentum
of an object caused by torques exerted on the object.

LO 3.F.3.3

Plan data-collection and analysis strategies designed to test the relationship
between torques exerted on an object and the change in angular momentum of
that object.
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LO 4.D.1.1

Describe a representation and use it to analyze a situation in which several forces
exerted on a rotating system of rigidly connected objects change the angular
velocity and angular momentum of the system.

LO 4.D.1.2

Plan data-collection strategies designed to establish that torque, angular velocity,
angular acceleration, and angular momentum can be predicted accurately when
the variables are treated as being clockwise or counterclockwise with respect to a
well-defined axis of rotation, and refine the research question based on the
examination of data.

LO 4.D.2.1

Describe a model of a rotational system and use that model to analyze a situation
in which angular momentum changes due to interaction with other objects or
systems.

LO 4.D.2.2

Plan a data-collection and analysis strategy to determine the change in angular
momentum of a system and relate it to interactions with other objects and
systems.

LO 4.D.3.1

Use appropriate mathematical routines to calculate values for initial or final
angular momentum, or change in angular momentum of a system, or average
torque or time during which the torque is exerted in analyzing a situation
involving torque and angular momentum.

LO 4.D.3.2

Plan a data-collection strategy designed to test the relationship between the
change in angular momentum of a system and the product of the average torque
applied to the system and the time interval during which the torque is exerted.

LO 5.E.1.1

Make qualitative predictions about the angular momentum of a system for a
situation in which there is no net external torque.

LO 5.E.1.2

Make calculations of quantities related to the angular momentum of a system
when the net external torque on the system is zero.

LO 5.E.2.1

Describe or calculate the angular momentum and rotational inertia of a system in
terms of the locations and velocities of objects that make up the system. Use
qualitative reasoning with compound objects and perform calculations with a
fixed set of extended objects and point masses.

Unit Essential Questions




How does a system in rotational equilibrium compare to a system in translational
equilibrium?
How does the choice of system and rotation point affect the forces that can cause a torque
on an object or a system?
How can balanced forces cause rotation?
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Why does it matter where the door handle is placed?
Why are long wrenches more effective?
How can an external net torque change the angular momentum of a system?
Why is a rotating bicycle wheel more stable than a stationary one?
How does the conservation of angular momentum govern interactions between objects
and systems?
Why do planets move faster when they travel closer to the sun?

Scope and Sequence
 A system’s rotational motion can be described using similar terms to those that describe
linear motion such as angular position ( ), angular displacement ( ), angular velocity (
), and angular acceleration ( ). These quantities relate to each other mathematically
through angular versions of the equations of motion.
 The linear and angular motions of a point on a rotating system are related by the
following relationships:
,
, and
, where r is the distance between the
point on the rotating system and the system’s axis of rotation.
 Changes in the angular velocity of a system are caused by torques. A torque is caused by
a force that is exerted at a point and in a direction that results in a twist. Torque is a
vector quantity, the direction of which is described as “clockwise” or “counterclockwise”
based on the way the system would rotate about its axis of rotation.
 Newton’s 2nd Law can be written in terms of torque and angular acceleration as:
,
where I is the rotational inertia of the system.
 Rotational inertia refers to the tendency of a system to resist changes in angular motion.
The rotational inertia of a single particle is equal to mr2, where m is the particle’s mass
and r is the distance between the particle and the axis of rotation. The rotational inertia of
systems consisting of many particles can be determined by summing the rotational inertia
of each particle (
).
 A rotating system has angular momentum, equal to the product of its rotational inertia
and angular velocity. A change in a system’s angular momentum is caused by a net
torque exerted through a time interval. In a closed system, angular momentum is
conserved.
 A rotating system has rotational kinetic energy, equal to
. As with other forms of
mechanical energy, it can be transformed into other forms of energy within the system or
transferred to/from the system through the process of work.
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Assured Assessments
Formative Assessment:
 Teacher-designed assessments based on released Advanced Placement questions (both
multiple-choice and free-response)
 TIPERs activities (rankings, graph analysis, evaluating student responses, etc.)
Summative Assessment:
 Lab 1: Balancing Metersticks
A meterstick will be suspended from its midpoint so that it is free to rotate. Students will
attach different amounts of mass to either side of the meterstick, and will discover a
pattern for how to keep the meterstick level.
 Lab 2: Newton’s 2nd Law for Rotation
Students will use a spring scale and string to exert a constant torque on a disk mounted to
a low-friction axle. Students will find a relationship between the torque exerted on the
disk and the disk’s angular acceleration.
 Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination
Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Hieggelke, C.J., Steve Kanim, D.P. Maloney, and T.L. O’Kuma. TIPERs: Sensemaking
Tasks for Introductory Physics. New York: Pearson, 2013. Print.
 Laboratory equipment including, but not limited to:
o Motion detectors
o Ticker timers
o Constant velocity carts
o Low-friction tracks and carts
o Photogate trigger apparatus
o Metersticks
Supplemental
 Online resources
o Flipping Physics. Web.
o Khan Academy. https://www.youtube.com/user/khanacademy. Web.
o The Physics Classroom. https://www.physicsclassroom.com/. Web.
o University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.
Time Allotment


Approximately 15 class sessions (3 weeks)
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UNIT 8
Electric Charge and Electric Force
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
LO 5.A.2.1

Define open and closed systems for everyday situations and apply conservation
concepts for energy, charge, and linear momentum to those situations.

LO 1.B.1.1

Make claims about natural phenomena based on conservation of electric charge.

LO 1.B.1.2

Make predictions, using the conservation of electric charge, about the sign and
relative quantity of net charge of objects or systems after various charging
processes, including conservation of charge in simple circuits.

LO 1.B.2.1

Construct an explanation of the two-charge model of electric charge based on
evidence produced through scientific practices.

LO 1.B.3.1

Challenge the claim that an electric charge smaller than the elementary charge has
been isolated.

LO 3.C.2.1

Use Coulomb’s law qualitatively and quantitatively to make predictions about the
interaction between two electric point charges.

LO 3.C.2.2

Connect the concepts of gravitational force and electric force to compare
similarities and differences between the forces.

Unit Essential Questions







How does electric charge change the way that something interacts with its surroundings?
How do you decide what to believe about scientific claims?
How does something we cannot see determine how an object behaves?
How do charges exert forces on each other?
How does the conservation of charge help us understand how charged objects behave?
Why can you stick a balloon on the ceiling, if rubber is an insulator?

Scope and Sequence
 Charges can be positive or negative.
 An object or system’s net charge depends upon the relative number of protons and
electrons.
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 The electron’s negative charge, equal in magnitude to a proton’s positive charge, is the
smallest quantity of charge that is transferable.
 Objects are charged by the transfer of electrons by rubbing, conduction and induction.
 Charged objects exerts forces upon other charged objects. Oppositely charged objects are
attracted while like charged objects are repelled. The magnitude of this electrostatic force
is proportional to each charge and inversely proportional to the square of the separation
distance.
 Forces of multiple charges on a charged object are added as vector quantities.
Assured Assessments
Formative Assessment:
 Activity 1: Van de Graaff Generator Whole-Class Demonstration and Activity
Students, with the teacher’s guidance, will explore electrostatics on a larger scale with the
Van de Graaff generator.
 Individual and group worksheets, with student self-assessment using posted answer keys;
students will demonstrate understanding of charge quantization and interactions by
obtaining the correct narrative, numerical, and graphical responses
Summative Assessment:
 Lab 1: Millikan Oil-Drop Simulation
Students will be given 24 boxes containing various amount of ¼ 20 nuts. Each box has a
different number of nuts and there are no boxes with just one nut. Students will be
provided balances to determine the mass of each box and then will be charged with
determining the mass of one nut.
 Lab 2: What’s the Charge?
Students will use lengths of Scotch tape changed by friction to discover there are two
“types” of charge. Two pieces charged the same way by being rubbed with a finger will
repel each other. Two pieces will then be placed on top of one another, then rubbed with
a finger, and finally, the topmost piece slid across a faucet to provide a path to ground.
When the pieces are separated, the two pieces will repel. Students will then be introduced
to the electroscope and how it is used to detect the presence and type of charge.
Following this, students will be presented with various materials that can be rubbed
together in order to be charged electrostatically; students will be encouraged to use the
electroscope to determine the type of charge acquired on the material after rubbing.
Variations of this lab using balloons or other easily charged insulators may be used.
 Lab 3: How Do You Get So Charged?
Students will construct an electroscope with a Styrofoam cup, flexible straw, string and a
small segment of foil-coated straw. They will then attach this cup-electroscope to the
center of an aluminum pie plate with the foil-coated straw segment hanging to the side of
the pie plate. The students will then be provided with a piece of Styrofoam and some
wool, as well as acetate and paper to serve as a standard for positive charge. These items
will provide the basis for exploring: ground, charge by friction, charge by contact,
polarization, induction, net charge, and state of neutral charge. Variations of this lab may
include different insulators to be charged and a standard lab electroscope.
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In an individual written exam, students will demonstrate understanding of charge
quantization and interactions by obtaining the correct narrative, numerical, and graphical
responses

Resources
Core
 Set of various samples that can be rubbed together to separate charge
 Van de Graaff generator
 Millikan oil-drop simulation set (boxes filled with various nut counts)
Supplemental
 Online resources
o Flipping Physics. Web.
o Khan Academy. https://www.youtube.com/user/khanacademy. Web.
o The Physics Classroom. https://www.physicsclassroom.com/. Web.
o University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.
Time Allotment


Approximately 6 class sessions (1 week)
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UNIT 9
DC Circuits
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
LO 1.B.1.1

Make claims about natural phenomena based on conservation of electric charge.

LO 1.B.1.2

Make predictions, using the conservation of electric charge, about the sign and
relative quantity of net charge of objects or systems after various charging
processes, including conservation of charge in simple circuits.

LO 1.E.2.1

Choose and justify the selection of data needed to determine resistivity for a given
material.

LO 5.B.9.1

Construct or interpret a graph of the energy changes within an electrical circuit
with only a single battery and resistors in series and/or in, at most, one parallel
branch as an application of the conservation of energy (Kirchhoff’s loop rule).

LO 5.B.9.2

Apply conservation of energy concepts to the design of an experiment that will
demonstrate the validity of Kirchhoff’s loop rule (∑∆V = 0) in a circuit with only
a battery and resistors either in series or in, at most, one pair of parallel branches.

LO 5.C.3.1

Apply conservation of electric charge (Kirchhoff’s junction rule) to the
comparison of electric current in various segments of an electrical circuit with a
single battery and resistors in series and in, at most, one parallel branch and
predict how those values would change if configurations of the circuit are
changed.

LO 5.C.3.2

Design an investigation of an electrical circuit with one or more resistors in which
evidence of conservation of electric charge can be collected and analyzed.

LO 5.C.3.3

Use a description or schematic diagram of an electrical circuit to calculate
unknown values of current in various segments or branches of the circuit.

Unit Essential Questions




How do you decide what to believe about scientific claims?
How does something we cannot see determine how an object behaves?
How do the laws of conservation of charge and energy allow us to light our homes and
businesses?
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How does the conservation of charge govern interactions between objects and systems?
How does the law of conservation of energy govern the interactions between objects and
systems?

Scope and Sequence
 An electric circuit consists of a source of electric potential difference and a continuous
conductive pathway from the high potential (positive) to low potential (negative) points.
 An electric potential difference (
) is due to separate of electric charge. This separation
can be created chemically by a battery or mechanically by a generator (either is
considered the source of the potential difference). Electric potential difference is
measured in volts (V), which are equivalent to joules per coulomb (energy per charge).
 The flow of charge in a circuit is quantified as current and measured in amperes (A),
which are equivalent to coulombs per second.
 Resistance is a quantification of the opposition to the flow of charge through a particular
conductive path. Resistance is measured in ohms ( ). The amount of resistance a
particular conductor has depends on the type of material the conductor is made of
(quantified as resistivity, , measured in ohm-meters), the length of the conductor, and








its cross-sectional area:
.
Ohm’s Law predicts the relationship between the current flowing through a circuit, the
electric potential difference causing the current, and the resistance of the circuit:
.
A series circuit consists of a single pathway from high potential to low potential that
includes multiple resistive elements. The current is the same at all points through the
circuit, and the potential drops across the resistive elements sum to the potential rise
created by the source.
A parallel circuit consists of multiple pathways from high potential to low potential that
each include a resistive element. The potential drop is the same in each branch (and each
equal to the potential rise created by the source), and the currents in the branches sum to
the current through the source.
More complicated circuits can be constructed with aspects of both series and parallel
circuits. The rules governing series and parallel circuits can be used to analyze applicable
portions of these types of circuits.

Assured Assessments
Formative Assessment:
 Teacher-designed assessments based on released Advanced Placement questions (both
multiple-choice and free-response)
 TIPERs activities (rankings, graph analysis, evaluating student responses, etc.)
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Summative Assessment:
 Labs: Ohm Ohm on the Range 1, 2, and 3
Students will learn now to use ammeters and voltmeters to make measurements of an
electric circuit and will find patterns in those measurements.
 Lab: Ohm’s Law Lab
Students will find a relationship between the potential difference across a lightbulb and
the current flow through the lightbulb. They will repeat the investigation with a resistor
and compare the results of the two trends.
 Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination
Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Hieggelke, C.J., Steve Kanim, D.P. Maloney, and T.L. O’Kuma. TIPERs: Sensemaking
Tasks for Introductory Physics. New York: Pearson, 2013. Print.
 Laboratory equipment including, but not limited to:
o Ammeters
o Voltmeters
o D cell batteries
o Light
Supplemental
 Online resources
o Flipping Physics. Web.
o Khan Academy. https://www.youtube.com/user/khanacademy. Web.
o The Physics Classroom. https://www.physicsclassroom.com/. Web.
o University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.
Time Allotment


Approximately 15 class sessions (3 weeks)
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UNIT 10
Mechanical Waves and Sound
Unit Goals
Learning Objectives (LOs) derive from the 2019 College Board AP Physics 1 Course and Exam
Description.
At the completion of this unit, students will:
LO 6.A.1.1

Use a visual representation to construct an explanation of the distinction between
transverse and longitudinal waves by focusing on the vibration that generates the
wave.

LO 6.A.1.2

Describe representations of transverse and longitudinal waves.

LO 6.A.2.1

Describe sound in terms of transfer of energy and momentum in a medium and
relate the concepts to everyday examples.

LO 6.A.3.1

Use graphical representation of a periodic mechanical wave to determine the
amplitude of the wave.

LO 6.A.4.1

Explain and/or predict qualitatively how the energy carried by a sound wave
relates to the amplitude of the wave and/or apply this concept to a real-world
example.

LO 6.B.1.1

Use a graphical representation of a periodic mechanical wave (position versus
time) to determine the period and frequency of the wave and describe how a
change in the frequency would modify features of the representation.

LO 6.B.2.1

Use a visual representation of a periodic mechanical wave to determine the
wavelength of the wave.

LO 6.B.4.1

Design an experiment to determine the relationship between periodic wave speed,
wavelength, and frequency and relate these concepts to everyday examples.

LO 6.B.5.1

Create or use a wave front diagram to demonstrate or interpret qualitatively the
observed frequency of a wave, dependent on relative motions of source and
observer.

LO 6.D.1.1

Use representations of individual pulses and construct representations to model
the interaction of two wave pulses to analyze the superposition of two pulses.

LO 6.D.1.2

Design a suitable experiment and analyze data illustrating the superposition of
mechanical waves (only for wave pulses or standing waves).
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LO 6.D.1.3

Design a plan for collecting data to quantify the amplitude variations when two or
more traveling waves or wave pulses interact in a given medium.

LO 6.D.2.1

Analyze data or observations or evaluate evidence of the interaction of two or
more traveling waves in one or two dimensions (i.e., circular wave fronts) to
evaluate the variations in resultant amplitudes.

LO 6.D.3.1

Refine a scientific question related to standing waves and design a detailed plan
for the experiment that can be conducted to examine the phenomenon
qualitatively or quantitatively.

LO 6.D.3.2

Predict properties of standing waves that result from the addition of incident and
reflected waves that are confined to a region and have nodes and antinodes.

LO 6.D.3.3

Plan data-collection strategies, predict the outcome based on the relationship
under test, perform data analysis, evaluate evidence compared with the prediction,
explain any discrepancy, and, if necessary, revise the relationship among
variables responsible for establishing standing waves on a string or in a column of
air.

LO 6.D.3.4

Describe representations and models of situations in which standing waves result
from the addition of incident and reflected waves confined to a region.

LO 6.D.4.1

Challenge with evidence the claim that the wavelengths of standing waves are
determined by the frequency of the source, regardless of the size of the region.

LO 6.D.4.2

Calculate wavelengths and frequencies (if given wave speed) of standing waves
based on boundary conditions and length of region within which the wave is
confined and calculate numerical values of wavelengths and frequencies.
Examples include musical instruments.

LO 6.D.5.1

Use a visual representation to explain how waves of slightly different frequency
give rise to the phenomenon of beats.

Unit Essential Questions






How can data be used to help us create models of phenomena we see around us?
Why does a police siren sound different when it is moving toward you than when it is
moving away from you?
What happens when two waves meet?
How is resonance responsible for the Tacoma Narrows Bridge collapse?
How is sound produced?
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Scope and Sequence
 Waves are a set of phenomena that transmit energy (and momentum) without the net
movement of matter. Wave phenomena include sound and light.
 Most wave phenomena (with the exception of light) require matter to transmit the energy
and momentum. The matter a wave travels through is called the medium. The properties
of the medium determine how fast the waves travel (wave speed). For example, the speed
at which sound waves travel through air is primarily dependent on the temperature of the
air.
 A single traveling disturbance is called a wave pulse. A series of consistent wave pulses
is called a period wave. Period waves can be described with quantities such as
wavelength, period, and frequency.
 The wavelength, wave speed, and frequency of any period wave can be related
mathematically by the wave equation:
.
 Waves in which the medium particles oscillate perpendicularly to the direction of the
wave motion are called transverse waves. Examples of transverse waves are seismic swaves and “the wave” at a sporting event. Waves in which the medium particles oscillate
parallel/antiparallel to the direction of the wave motion are called longitudinal waves.
Examples of longitudinal waves are seismic p-waves and sound waves.
 The amplitude of a wave is a measurement of the maximum displacement from
equilibrium for a particle in the medium. The amplitude is related to the amount of
energy “carried” by the wave. When multiple wave pulses reach the same point in a
medium, their amplitudes add together through a phenomenon called interference. This
can result in larger amplitudes (constructive interference) or smaller amplitudes
(destructive interference), depending on the orientation of the overlapping waves.
 In a medium of finite length, interference can result in standing waves where the medium
appears to oscillate in place as waves travel back and forth. Examples explored include
standing waves on strings, standing sound waves in closed pipes, and standing sound
waves in open pipes.
Assured Assessments
Formative Assessment:
 Teacher-designed assessments based on released Advanced Placement questions (both
multiple-choice and free-response)
 TIPERs activities (rankings, graph analysis, evaluating student responses, etc.)
Summative Assessment:
 Lab 1: Super Slinky Investigation
Students will be provided with a set of questions regarding wave phenomena that they are
to answer. Students will come up with their own procedure for each question, collect
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qualitative/quantitative data using their procedure, and then interpret the results to come
up with an answer for each question. Student groups will debate their results with each
other, resulting in a consensus or the need for further investigation.
Lab 2: Standing Waves on a String Investigation
Students will make use of standing waves to find a relationship between the wave speed
and the tension force.
Lab Practicum: Measuring the Speed of Sound
Students will use their understanding of standing waves in a closed pipe to calculate the
speed of sound.
Assessment consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Physics 1 Examination

Resources
Core
 Cutnell, John D., and Kenneth W. Johnson. Goldsby. Physics. 7th ed. Hoboken, NJ:
Wiley, 2006. Print.
 Hieggelke, C.J., Steve Kanim, D.P. Maloney, and T.L. O’Kuma. TIPERs: Sensemaking
Tasks for Introductory Physics. New York: Pearson, 2013. Print.
 Laboratory equipment including, but not limited to:
o Motion detectors
o Ticker timers
o Constant velocity carts
o Low-friction tracks and carts
o Photogate trigger apparatus
o Metersticks
o Super Slinkys
Supplemental
 Online resources
o Flipping Physics. Web.
o Khan Academy. https://www.youtube.com/user/khanacademy. Web.
o The Physics Classroom. https://www.physicsclassroom.com/. Web.
o University of Colorado Boulder. PhET Interactive Simulations.
https://phet.colorado.edu/en/simulations/category/new. Web.
Time Allotment


Approximately 15 class sessions (3 weeks)
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UNIT 11
Independent Learning (Post-AP Exam)
After students take the AP Physics 1 Examination, the remainder of the year is focused on the
completion of a project to demonstrate a deeper understanding of selected topics from the course.
Projects may include, but are not limited to: (1) creation of a mural presenting an important idea
in physics; (2) evaluation of the physics of the special effects in a film; (3) creation of a new lab
to demonstrate a physics principle. Projects will include presentation to the rest of the class.

Time Allotment


Approximately 10 class sessions (2 weeks)
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COURSE CREDIT
1.25 credits in science
One class period daily, plus laboratory, for a full year

PREREQUISITES
Grade of B or higher in Honors Biology with teacher recommendation, along with concurrent or
prior enrollment in Honors PreCalculus or higher mathematics, or Completion of Advanced
College-Preparatory Chemistry or Honors Chemistry with teacher recommendation and
Department Chair permission, along with concurrent or prior enrollment in Honors PreCalculus
or higher mathematics.

CURRENT REFERENCE
AP Central. “AP Physics 1.” https://apcentral.collegeboard.org/courses/ap-physics-1. Web.

ASSURED STUDENT PERFORMANCE RUBRICS




Trumbull High School School-Wide Writing Rubric (attached)
Trumbull High School School-Wide Problem-Solving Rubric (attached)
Trumbull High School School-Wide Independent Learning and Thinking Rubric (attached)
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Trumbull High School School-Wide Writing Rubric
Category/
Weight

Purpose
X_______

Exemplary
4
Student work:




Organization
X_______






Content
X_______




Use of
Language
X_______






Goal
3
Student work:

Establishes and
maintains a clear
purpose
Demonstrates an
insightful
understanding of
audience and task



Reflects sophisticated
organization throughout
Demonstrates logical
progression of ideas
Maintains a clear focus
Utilizes effective
transitions



Is accurate, explicit,
and vivid
Exhibits ideas that are
highly developed and
enhanced by specific
details and examples



Demonstrates excellent
use of language
Demonstrates a highly
effective use of
standard writing that
enhances
communication
Contains few or no
errors. Errors do not
detract from meaning
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Working Toward Goal
2
Student work:

Establishes and
maintains a purpose
Demonstrates an
accurate awareness
of audience and task




Reflects
organization
throughout
Demonstrates
logical progression
of ideas
Maintains a focus
Utilizes transitions



Is accurate and
relevant
Exhibits ideas that
are developed and
supported by details
and examples



Demonstrates
competent use of
language
Demonstrates
effective use of
standard writing
conventions
Contains few errors
Most errors do not
detract from
meaning














Needs Support
1-0
Student work:

Establishes a purpose
Demonstrates an
awareness of audience
and task



Reflects some
organization throughout
Demonstrates logical
progression of ideas at
times
Maintains a vague focus
May utilize some
ineffective transitions



May contain some
inaccuracies
Exhibits ideas that are
partially supported by
details and examples



Demonstrates use of
language
Demonstrates use of
standard writing
conventions
Contains errors that
detract from meaning















Does not establish a
clear purpose
Demonstrates
limited/no
awareness of
audience and task

Reflects little/no
organization
Lacks logical
progression of ideas
Maintains little/no
focus
Utilizes ineffective
or no transitions
Is inaccurate and
unclear
Exhibits limited/no
ideas supported by
specific details and
examples
Demonstrates
limited competency
in use of language
Demonstrates
limited use of
standard writing
conventions
Contains errors that
make it difficult to
determine meaning
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Trumbull High School School-Wide Problem-Solving Rubric
Category/
Weight

Exemplary
4

Goal
3

Working Toward
Goal
2

Needs Support
1-0

Understanding
X_______



Student demonstrates
clear understanding of
the problem and the
complexities of the
task



Student demonstrates
sufficient
understanding of the
problem and most of
the complexities of
the task



Student demonstrates
some understanding
of the problem but
requires assistance to
complete the task



Student demonstrates
limited or no
understanding of the
fundamental problem
after assistance with
the task

Research
X_______



Student gathers
compelling
information from
multiple sources
including digital, print,
and interpersonal



Student gathers
sufficient
information from
multiple sources
including digital,
print, and
interpersonal



Student gathers some
information from
few sources
including digital,
print, and
interpersonal



Student gathers
limited or no
information

Reasoning and
Strategies
X_______



Student demonstrates
strong critical thinking
skills to develop a
comprehensive plan
integrating multiple
strategies



Student demonstrates
sufficient critical
thinking skills to
develop a cohesive
plan integrating
strategies



Student
demonstrates some
critical thinking
skills to develop a
plan integrating
some strategies



Student demonstrates
limited or no critical
thinking skills and no
plan

Final Product
and/or
Presentation
X_______



Solution shows deep
understanding of the
problem and its
components
Solution shows
extensive use of 21stcentury technology
skills



Solution shows
sufficient
understanding of the
problem and its
components
Solution shows
sufficient use of 21stcentury technology
skills



Solution shows some
understanding of the
problem and its
components
Solution shows some
use of 21st-century
technology skills



Solution shows
limited or no
understanding of the
problem and its
components
Solution shows
limited or no use of
21st-century
technology skills
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Trumbull High School School-Wide
Independent Learning and Thinking Rubric
Category/
Weight

Exemplary
4

Goal
3

Working Toward
Goal
2

Needs Support
1-0

Proposal
X_______



Student demonstrates a
strong sense of
initiative by generating
compelling questions,
creating uniquely
original projects/work



Student demonstrates
initiative by
generating
appropriate
questions, creating
original
projects/work



Student
demonstrates some
initiative by
generating questions,
creating appropriate
projects/work



Student demonstrates
limited or no
initiative by
generating few
questions and creating
projects/work

Independent
Research &
Development
X_______



Student is analytical,
insightful, and works
independently to reach
a solution



Student is analytical,
and works
productively to reach
a solution



Student reaches a
solution with
direction



Student is unable to
reach a solution
without consistent
assistance

Presentation of
Final Product
X_______



Presentation shows
compelling evidence of
an independent learner
and thinker
Solution shows deep
understanding of the
problem and its
components
Solution shows
extensive and
appropriate application
of 21st-century skills



Presentation shows
clear evidence of an
independent learner
and thinker
Solution shows
adequate
understanding of the
problem and its
components
Solution shows
adequate application
of 21st-century skills



Presentation shows
some evidence of an
independent learner
and thinker
Solution shows some
understanding of the
problem and its
components
Solution shows some
application of 21stcentury skills



Presentation shows
limited or no
evidence of an
independent learner
and thinker
Solution shows
limited or no
understanding of the
problem and its
components
Solution shows
limited or no
application of 21stcentury skills
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solutions.

Recommendation:

Approve the following curriculum guide:
Advanced Placement UCONN Environmental Science

TRUMBULL PUBLIC SCHOOLS
Trumbull, Connecticut

ADVANCED PLACEMENT /
EARLY COLLEGE EXPERIENCE
ENVIRONMENTAL SCIENCE
Grade 12
Science Department
2020

Curriculum Writing Team
Thomas Edwards

Science Department Chairperson, Trumbull High School

William W. Heher

Science Teacher, Trumbull High School

Jonathan S. Budd, Ph.D.

Assistant Superintendent

AP / ECE Environmental Science

Advanced Placement Early College Experience Environmental Science
Table of Contents
Core Values & Beliefs .....................................................................................................

2

Introduction & Philosophy ...............................................................................................

2

Course Goals .....................................................................................................................

2

Course Enduring Understandings .....................................................................................

5

Course Essential Questions ...............................................................................................

6

Course Knowledge & Skills..............................................................................................

6

Course Syllabus ............................................................................................................... 13
Unit 1: Foundations of Environmental Science ............................................................... 14
Unit 2: Ecosystem Structure and Function ...................................................................... 17
Unit 3: Human Populations and the Need to Feed ........................................................... 21
Unit 4: Forestry and Biodiversity .................................................................................... 24
Unit 5: Urbanization, Waste, and Environmental Health ................................................ 26
Unit 6: Threats to Aquatic Systems ................................................................................. 29
Unit 7: The Atmosphere and a Changing Planet .............................................................. 32
Unit 8: Energy Resources ................................................................................................ 35
Unit 9: Independent Study ............................................................................................... 38
Course Credit ................................................................................................................... 40
Prerequisites ..................................................................................................................... 40
Current Reference ............................................................................................................ 40
Assured Student Performance Rubrics ............................................................................ 40

The Trumbull Board of Education promotes non-discrimination in all of its programs, including
educational opportunities and services provided to students, student assignment to schools and
classes, and educational offerings and materials.

AP / ECE Environmental Science

1

CORE VALUES AND BELIEFS
The Trumbull School Community engages in an environment conducive to learning which
believes that all students will read and write effectively, therefore communicating in an
articulate and coherent manner. All students will participate in activities that present problemsolving through critical thinking. Students will use technology as a tool applying it to decision
making. We believe that by fostering self-confidence, self-directed and student-centered
activities, we will promote independent thinkers and learners. We believe ethical conduct to
be paramount in sustaining the welcoming school climate that we presently enjoy.
Approved 8/26/2011

INTRODUCTION & PHILOSOPHY
Advanced Placement Environmental Science is designed to teach students how the world works
in a pristine state from the inner core to atmospheric limits. This course uses concepts from
physics, chemistry, biology, geology, ecology, and many other disciplines that underpin how the
Earth maintained its own homeostasis prior to the evolution of Homo sapiens. This course will
then explore the impact of adding 7.6 billion humans on each of the disciplines aforementioned,
what may occur if our current behaviors remain unchanged, and most importantly how human
kind can move forward in a sustainable direction. Students will construct, analyze, evaluate, and
modify designs for sustainability using extensive data and research from sources within and
outside this curriculum document.
The A.P. Environmental Science elective is offered to students who have successfully completed
three years of college-preparatory science. The lab component of this class will involve field
study, wet labs, and case studies to better enhance student mastery of the curriculum. This course
provides students with an opportunity to extend their core science knowledge through field and
classroom studies of the environment, and to integrate their knowledge of social issues and
governmental processes as they explore current environmental issues and potential solutions.
Students taking this course will be prepared to take the College Board’s Advanced Placement
Environmental Science Examination.

COURSE GOALS
Learning Objectives (LOs) derive from the 2019 College Board AP Environmental Science
Course and Exam Description.
The following course goals derive from the 2013 Next-Generation Science Standards.
NGSS.HS-LS2-1
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Use mathematical and/or computational
representations to support explanation of factors that
affect carrying capacity of ecosystems at different
scales.
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NGSS.HS-LS2-4

Use mathematical representations to support claims
for the cycling of matter and flow of energy among
organisms in an ecosystem.

NGSS.HS-LS2-6

Evaluate claims, evidence, and reasoning that the
complex interactions in ecosystems maintain
relatively consistent numbers and types of organisms
in stable conditions, but changing conditions may
result in a new ecosystem.

NGSS.HS-LS2-7

Design, evaluate, and refine a solution for reducing
the impacts of human activities on the environment
and biodiversity.

NGSS.HS-LS2-8

Evaluate evidence for the role of group behavior on
individual and species’ chances to survive and
reproduce.

NGSS.HS-LS4-4

Construct an explanation based on evidence for how
natural selection leads to adaptation of populations.

NGSS.HS-LS4-5

Evaluate the evidence supporting claims that changes
in environmental conditions may result in (1)
increases in the number of individuals of some
species, (2) the emergence of new species over time,
and (3) the extinction of other species.

NGSS.HS-ESS2-2

Analyze geoscience data to make the claim that one
change to Earth’s surface can create feedbacks that
cause changes to other Earth systems.

NGSS.HS-ESS2-4

Use a model to describe how variations in the flow of
energy into and out of Earth’s systems result in
changes in climate.

NGSS.HS-ESS3-1

Construct an explanation based on evidence for how
the availability of natural resources, occurrence of
natural hazards, and changes in climate have
influenced human activity.

NGSS.HS-ESS3-2

Evaluate competing design solutions for developing,
managing, and utilizing energy and mineral resources
based on cost-benefit ratios.
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NGSS.HS-ESS3-4

Evaluate or refine a technological solution that
reduces impacts of human activities on natural
systems.

NGSS.HS-ESS3-5

Analyze geoscience data and the results from global
climate models to make an evidence-based forecast
of the current rate of global or regional climate
change and associated future impacts to Earth’s
systems.

NGSS.HS-ESS3-6

Use a computational representation to illustrate the
relationships among Earth systems and how those
relationships are being modified due to human
activity.

NGSS.HS-ETS1-3

Evaluate a solution to a complex real-world problem
based on prioritized criteria and trade-offs that
account for a range of constraints, including cost,
safety, reliability, and aesthetics, as well as possible
social, cultural, and environmental impacts.

NGSS.HS.ETS1-4

Use a computer simulation to model the impact of
proposed solutions to a complex real-world problem
with numerous criteria and constraints on interactions
within and between systems relevant to the problem.

The following course goals derive from the 2010 Connecticut Core Standards.
CCS.ELA-Literacy.RST.11-12.2

Determine the central ideas or conclusions of a text;
summarize complex concepts, processes, or
information presented in a text by paraphrasing them
in simpler but still accurate terms.

CCS.ELA-Literacy.RST.11-12.3

Follow precisely a complex multistep procedure
when carrying out experiments, taking
measurements, or performing technical tasks; analyze
the specific results based on explanations in the text.

CCS.ELA-Literacy.RST.11-12.7

Integrate and evaluate multiple sources of
information presented in diverse formats and media
(e.g., quantitative data, video, multimedia) in order to
address a question or solve a problem.

CCS.ELA-Literacy.WHST.11-12.1

Write arguments focused on discipline-specific
content.
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CCS.ELA-Literacy.WHST.11-12.4

Produce clear and coherent writing in which the
development, organization, and style are appropriate
to task, purpose, and audience.

CCS.ELA-Literacy.WHST.11-12.8

Gather relevant information from multiple
authoritative print and digital sources, using
advanced searches effectively; assess the strengths
and limitations of each source in terms of the specific
task, purpose, and audience; integrate information
into the text selectively to maintain the flow of ideas,
avoiding plagiarism and overreliance on any one
source and following a standard format for citation.

CCS.ELA-Literacy.SL.11-12.1

Initiate and participate effectively in a range of
collaborative discussions (one-on-one, in groups, and
teacher-led) with diverse partners on grades 11-12
topics, texts, and issues, building on others’ ideas and
expressing their own clearly and persuasively.

CCS.ELA-Literacy.SL.11-12.2

Integrate multiple sources of information presented
in diverse formats and media (e.g., visually,
quantitatively, orally) in order to make informed
decisions and solve problems, evaluating the
credibility and accuracy of each source and noting
any discrepancies among the data.

CCS.ELA-Literacy.SL.11-12.4

Present information, findings, and supporting
evidence, conveying a clear and distinct perspective,
such that listeners can follow the line of reasoning,
alternative or opposing perspectives are addressed,
and the organization, development, substance, and
style are appropriate to purpose, audience, and a
range of formal and informal tasks.

CCS.ELA-Literacy.SL.11-12.5

Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest.

COURSE ENDURING UNDERSTANDINGS
Students will understand that . . .
 science is a process that is a method of learning more about the world and is constantly
changing the way we understand the world.
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energy conversions underlie all ecological processes. Energy cannot be created; it must
come from a source. As energy flows through systems, at each step, more of it becomes
unstable.
the Earth itself is one interconnected system in which natural systems change over time
and space, and biogeochemical systems vary in ability to recover from disturbances.
humans alter natural systems and have had an impact on the environment for millions of
years. Technology and population growth have enabled humans to increase both the rate
and scale of their impact.
environmental problems and solutions have cultural, social, and economic contexts.
human survival depends on developing practices that will achieve sustainable systems in
that a suitable combination of conservation and development is required, and
management of common resources is essential.

COURSE ESSENTIAL QUESTIONS





What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?

COURSE KNOWLEDGE & SKILLS
Students will know . . .












the composition and major processes that occur in each layer of the Earth (inner and outer
core, mantle, crust, biosphere, troposphere, stratosphere, mesosphere, thermosphere).
the atmosphere’s composition, structure, weather and climate, atmospheric circulation /
Coriolis effect, atmosphere-ocean interface, and ENSO.
the distribution of freshwater and saltwater around the globe.
which sectors (agriculture, industry, domestic) are overdrawing freshwater at the highest
rate.
the processes of the rock cycle.
the physical and chemical properties of soil.
the causes of soil degradation globally.
what defines a biological population and community.
what a keystone species is.
what contributes to biodiversity, places with high and low biodiversity, and biodiversity’s
importance to ecological health.
the characteristics of each major biome globally (terrestrial and aquatic).

AP / ECE Environmental Science

6

































the formulas for photosynthesis and cellular respiration.
the differences among food chains, food webs, trophic levels, and ecological pyramids.
the postulates of the theory for natural selection.
what ecosystem services are.
what is meant by a climate shift.
what a disturbance is.
the major reservoirs and fluxes of the major biogeochemical cycles (carbon, nitrogen,
phosphorus, sulfur, water).
how biotic potential, limiting factors (biotic and abiotic), and carrying capacity play a
role in population ecology.
the difference in reproductive strategies between K- and r-selected species.
the three major survivorship curves displayed by species globally (Type I, Type II, Type
III).
what an invasive species is, what characteristics make an organism prone to becoming
invasive, and the impacts invasive species may cause.
the historical population size, and distribution of human kind.
the characteristics (total fertility rate, birth rate, death rate) of a population in each stage
of demographic transition as well as examples of countries or regions in each stage.
various strategies for sustainability as population size continues to increase.
examples of national policies that have been implemented for sustainability.
how hunger, disease, resource use, and habitat destruction traditionally correlate with
population growth.
the nutritional requirements of a human being.
the different types of agriculture.
what led to the green revolution and the greenwashing that occurred with its name.
the major impacts industrial agriculture has had on this planet.
the types of pesticides used in industrial agriculture.
the relevant laws that surround agriculture in the United States.
what an old growth, tree plantation, primary forest, and secondary forest are.
the benefits of fires in forest ecosystems.
the effects that overgrazing and CAFOs have had on ecological health.
what urbanization is and how cities traditionally grow (sprawl).
how the federal highway system, canals and channels, and transportation systems have
fragmented wildlife corridors.
the differences among wilderness areas, national parks, national forests, wildlife refuges,
and wetlands.
the differences among preservation, remediation, mitigation, and restoration.
how minerals form.
various mining strategies.
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the relevant laws and treaties surrounding mineral extraction.
the various industrial fishing techniques used in open oceans.
the relevant laws and treaties associated with fishing and aquaculture.
what the Tragedy of the Commons is.
the forms of energy.
how energy consumption changed during the Industrial Revolution.
the major sources of energy for each sector of consumption.
the major producers and consumers of each energy source.
the differences between renewable and nonrenewable energy sources.
how much energy will need to be created in the future.
how coal, oil and natural gas are formed.
how each fossil fuel is extracted and purified for consumption.
the differences between fusion and fission.
how nuclear waste is stored and the challenge behind storing it.
the difference between run of river and storage hydropower.
the difference between energy conservation and efficiency.
how solar, hydrogen fuel cells, biomass, biofuel, wind, tidal, and geothermal produce
energy.
the sources of each of the major air pollutants.
the differences between a primary and a secondary pollutant.
the differences between industrial smog and photochemical smog.
the environmental and human health impacts of both industrial smog and photochemical
smog.
what acid deposition is and how it occurs.
how a temperature inversion occurs.
the sources of indoor air pollution.
the relevant laws and treaties associated with clean air.
what noise pollution is.
the types, sources, causes and effects of the major water pollutants.
the steps that occur leading to eutrophication.
the processes involved and the target pollutant of each step of drinking water treatment.
the processes involved and the target pollutant of each step of wastewater treatment.
how a septic tank and system work in residential communities.
the relevant laws and treaties associated with clean water.
the types of solid waste coming from industry and residential sources.
how to evaluate the toxicity of a given substance.
the major types of hazardous waste.
the treatment/disposal options available for hazardous waste.
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the relevant laws and treaties associated with hazardous waste.
how to conduct in-depth cost-benefit analysis.
the importance of stratospheric ozone to human and ecological health.
the goals and accomplishments of the Montreal Protocol.
the differences between the greenhouse effect and climate change/global warming.
the four major categories of greenhouse gases, their GWP, and their residence times.
the relevant laws and treaties associated with climate change.
how human presence has led to habitat loss, overuse, pollution, introduced species,
endangered species, and extinct species.
the relevant laws and treaties associated with the loss of biodiversity.

Students will be able to . . .


















create representations and models of natural or man-made phenomena and systems in the
domain. (S.P. 1.1)
describe the processes that shape each layer of the Earth (plate tectonics, earthquakes,
volcanism; seasons; solar intensity and latitude).
describe the importance of the atmosphere’s composition, structure, weather and climate,
atmospheric circulation / Coriolis effect, atmosphere-ocean interface, and ENSO in
redistributing heat and energy all over the planet.
describe the challenges that are faced by organisms around the world to access the
resource of water.
propose solutions for each sector to reduce consumption of freshwater.
describe the importance of the rock cycle in the formation of soils.
evaluate temperature, rainfall, and rock composition in order to determine the rate at
which soil will form.
determine which major soil type is present and infer what qualities for agriculture are
present using various physical and chemical tests.
propose solutions to each cause of soil degradation in order to preserve the exhaustible
resource of soil.
determine the sensitivity of a given population and community to environmental change
(anthropogenic or natural).
evaluate the effects of the removal of a keystone species on a given ecosystem (both
biotic and abiotic components).
calculate biodiversity of a given ecosystem.
identify threats to biodiversity both locally and globally.
identify risk factors for each biome based on human desired resources in each.
define primary productivity and discuss the variables that influence primary productivity.
describe the importance of both photosynthesis and cellular respiration in a food chain.
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use the rule of 10 to explain why an energy pyramid is an accurate representation of
energy flow in an ecosystem.
use food chains, food webs, trophic levels, and ecological pyramids in order to evaluate
ecological relationships.
identify selection pressures driving the evolution of a given species.
describe how the coevolution of species has changed biotic and abiotic components of
global systems.
describe the importance of ecosystem services to human kind as well as global ecological
health.
predict how climate shifts will alter species presence and distribution in a given
ecosystem.
describe the stages of succession after a disturbance.
identify the impact humans have had on the major biogeochemical cycles (carbon,
nitrogen, phosphorus, sulfur, water).
describe how an environmental change will influence an ecosystem’s carrying capacity.
plot a given data set to determine which reproductive strategy and survivorship curve has
evolved in that species.
understand the factors that led to U.S. populations to display all three survivorship curves
in different time periods (pre-1900, 1901-1950, 1951-present).
design ways to prevent invasive species spread, and to have control over, or eliminate, of
an established invasive species.
calculate fertility rate based on collected data.
calculate the doubling time of a given population (70/r).
construct an age-structure diagram of a given population.
make predictions about a population’s growth using information derived from the agestructure diagram.
calculate percent change (PF-PI)/PI given population data.
evaluate populations in various case studies and make recommendations to increase
sustainability.
design solutions to hunger, disease, resource use, and habitat destruction to mitigate their
impact.
calculate the caloric requirements of human being and the associated land area required
to sustain this caloric intake.
calculate the total land area required for the current and projected global human
population.
identify benefits and flaws with each type of agriculture.
discuss the benefits of switching to aquaponics/hydroponics/permaculture.
discuss the costs and benefits of pesticide use.
use the knowledge of evolution to describe the pesticide treadmill.
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design an integrated pest management plan for a given infestation.
discuss the costs and benefits to forest management strategies.
describe the costs and benefits behind fire suppression in the Western United States.
describe how rotational grazing mitigates traditional rangeland management’s impact on
desertification.
discuss the impact of urban sprawl on ecological and human health.
propose regulations, and use smart growth principles, to mitigate the impact of sprawl.
design solutions to habitat fragmentation from transportation systems.
discuss the SLOSS dilemma and how it plays a role in land management.
use components of preservation, remediation, mitigation, and restoration in a given case
study involving ecological habitat change.
identify the costs and benefits of each mining strategy.
describe what products contain different ores and metals.
identify the costs and benefits associated with various industrial fishing techniques used
in open oceans.
describe the costs and benefits associated with aquaculture (both aquatic and terrestrial).
describe why aquaculture needs to move from a linear system to a circular one.
describe a scenario in which the Tragedy of the Commons takes place in the present day.
describe the costs and benefits of globalization on human and environmental health.
solve energy consumption problems with the use of a graphing calculator and label with
the correct units given in a problem.
explain how the change in energy consumption during the Industrial Revolution allowed
for the exponential growth of human populations.
discuss the flaws of current sources of energy.
describe the importance of switching to renewable energy sources to meet energy
demands of the future.
identify costs and benefits for each type of fossil fuel from cradle to grave.
use data regarding global reserves from each fossil fuel and the projected demand to
determine when each resource may be exhausted.
identify the environmental advantages and disadvantages of each energy source.
to discuss the costs and benefits of both fusion and fission.
discuss the costs and benefits to humans and ecosystems of run of river and storage
hydropower.
discuss how salmon are a perfect case study for evaluating a dam’s feasibility.
propose ways to conserve energy and ways to become more energy efficient.
discuss the costs and benefits of solar, hydrogen fuel cells, biomass, biofuel, wind, tidal,
and geothermal energy.
discuss ways to reduce the emission of each source.
discuss the impact acid deposition has on ecological systems.
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identify ways to reduce the exposure to each indoor air pollutant.
identify the sources, impacts, and measures to mitigate noise pollution.
describe how bioaccumulation and biomagnification occur in food webs when pollutants
are fat soluble.
describe the human and ecological impacts of eutrophication in freshwater and saltwater
ecosystems.
design solutions to eutrophication in both freshwater and saltwater ecosystems.
describe the flaw with combined sewage treatment and combined sewage overflow.
understand the costs and benefits of septic systems as compared to wastewater treatment
plants.
discuss ways waste is disposed and ways to reduce the overall amount of it entering
waste streams.
identify the threshold dose, ED50, and LD50 on a given dose-response curve.
identify the acute and chronic effects of a given chemical.
build a risk analysis statement and an environmental impact statement from given case
studies.
identify Superfund sites and discuss what types of cleanup efforts are being put in place
to remediate the pollution.
identify human and environmental externalities in a given case study.
identify threats to stratospheric ozone and the consequences to human and ecological
health.
outline the impacts of climate change globally.
support the position of anthropogenic climate change using evidence and data against any
of the opposing arguments.
design solutions to each human impact of habitat loss, overuse, pollution, introduced
species, endangered species, and extinct species.
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COURSE SYLLABUS
Course Name
Advanced Placement Environmental Science
Level
Advanced Placement
Prerequisites
Grade of A- or better in Advanced College-Preparatory Biology and Advanced CollegePreparatory Chemistry, or Grade of B+ or higher in Honors Biology
Materials Required
None
General Description of the Course
Advanced Placement Environmental Science is offered to students who have successfully
completed three years of college-preparatory science. The lab component of this class
will involve field study, wet labs, and case studies to better enhance student mastery of
the curriculum. This course provides students with an opportunity to extend their core
science knowledge through field and classroom studies of the environment, and to
integrate their knowledge of social issues and governmental processes as they explore
current environmental issues and potential solutions. Students taking this course will be
prepared to take the College Board’s Advanced Placement Environmental Science
Examination.
Assured Assessments
Formative Assessments:
 Weekly free-response questions based on each week’s content, with scoring rubrics
provided for self-reflection and growth (Units 1, 2, 3, 4, 5, 6, 7, 8)
 Informal topic proposal (Unit 9)
 Thesis-style document outlining research and findings (Unit 9)
Summative Assessments:
 Collaborative writing of one formal lab report based on one of the labs conducted
during the unit (Units 1, 2, 3, 4, 5, 6, 7, 8)
 Two assessments consisting of multiple-choice and free-response questions similar to
the format of the College Board Advanced Placement Environmental Science
Examination (Units 1, 2, 3, 4, 5, 6, 7, 8)
 Presentation of research findings and process, evaluated by teacher and peers (Unit 9)
Core Text
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
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UNIT 1
Foundations of Environmental Science
Unit Goals
At the completion of this unit, students will:
LO ERT-4.A

Describe the geological changes and events that
occur at convergent, divergent, and transform plate
boundaries.

LO ERT-2.B

Describe ecosystem services.

LO ERT-2.C

Describe the results of human disruptions to
ecosystem services.

LO EIN-2.A

Explain the concept of the tragedy of the commons.

LO EIN-2.N

Explain the variables measured in an ecological
footprint.

LO STB-1.A

Explain the concept of sustainability.

NGSS.HS-LS2-1

Use mathematical and/or computational
representations to support explanation of factors that
affect carrying capacity of ecosystems at different
scales.

NGSS.HS-LS2-7

Use a computer simulation to understand the factors
contributing to their ecological footprint, then design
solutions that work to reduce these impacts.

NGSS.HS-ESS2-2

Use volcanic and seismic data to infer plate
boundaries and movement globally.

NGSS.HS-ETS1-3

Conduct a case study on the Three Gorges Dam in
order to make an argument using economic,
ecological, and human impact data for support.

CCS.ELA-Literacy.RST.11-12.2

Determine the central ideas or conclusions of a text;
summarize complex concepts, processes, or
information presented in a text by paraphrasing them
in simpler but still accurate terms.

CCS.ELA-Literacy.RST.11-12.3

Conduct a tragedy of the commons lab to understand
what happens when resources are public.
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CCS.ELA-Literacy.RST.11-12.7

Use multiple sources of media to answer the question
What happened on Rapa Nui?

CCS.ELA-Literacy.WHST.11-12.1

Write an argument on the implementation of the
Pebble Mine based on multiple sources of contextual
evidence.

Unit Essential Questions





What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?

Scope and Sequence







Students will hear a reading of The Lorax by Dr. Seuss before conducting a case study on
the island of Rapa Nui.
Students will conduct an ecological footprint activity to evaluate their own impact before
designing real-world solutions that reduce their footprint.
Students will conduct a case study on the Three Gorges Dam in order to evaluate
infrastructure projects based on economic, environmental health, and human health
parameters.
Students will draw plate tectonic boundaries and indicate direction of movement of each
plate based on analyzing volcanic and seismic data around the world.
Students will make models of each type of plate boundary in order to demonstrate the
underlying reason for geologic activity at each boundary.

Assured Assessments
Formative Assessment:
 Weekly free-response questions based on each week’s content, with scoring rubrics
provided for self-reflection and growth
Summative Assessment:
 Collaborative writing of one formal lab report based on one of the labs conducted during
the unit
 Two assessments consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Environmental Science Examination
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Resources
Core
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
Time Allotment


Approximately 15 days
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UNIT 2
Ecosystem Structure and Function
Unit Goals
At the completion of this unit, students will:
LO ERT-1.A

Explain how the availability of resources influences
species interactions.

LO ERT-1.C

Describe the global distribution and principal
environmental aspects of terrestrial biomes.

LO ERT-1.D

Explain the steps and reservoir interactions in the
carbon cycle.

LO ERT-1.E

Explain the steps and reservoir interactions in the
nitrogen cycle.

LO ERT-1.F

Explain the steps and reservoir interactions in the
phosphorus cycle.

LO ERT-1.G

Explain the steps and reservoir interactions in the
hydrologic cycle.

LO ENG-1.A

Explain how solar energy is acquired and transferred
by living organisms.

LO ENG-1.B

Explain how energy flows and matter cycles through
trophic levels.

LO ENG-1.C

Determine how the energy decreases as it flows
through ecosystems.

LO ENG-1.D

Describe food chains and food webs, and their
constituent members by trophic level.

LO ERT-2.A

Explain levels of biodiversity and their importance to
ecosystems.

LO ERT-2.D

Describe island biogeography.

LO ERT-2.E

Describe the role of island biogeography in
evolution.

LO ERT-2.F

Describe ecological tolerance.
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LO ERT-2.G

Explain how natural disruptions, both short- and
long-term, impact an ecosystem.

LO ERT-2.H

Describe how organisms adapt to their environment.

LO ERT-2.I

Describe ecological succession.

LO ERT-2.J

Describe the effect of ecological succession on
ecosystems.

LO ERT-3.A

Identify differences between generalist and specialist
species.

LO ERT-3.B

Identify differences between K- and r- selected
species.

LO ERT-3.C

Explain survivorship curves.

LO ERT-3.D

Describe carrying capacity.

LO ERT-3.E

Describe the impact of carrying capacity on
ecosystems.

LO ERT-3.F

Explain how resource availability affects population
growth.

LO EIN-4.A

Explain the environmental problems associated with
invasive species and strategies to control them.

LO EIN-4.B

Explain how species become endangered and
strategies to combat the problem.

LO EIN-4.C

Explain how human activities affect biodiversity and
strategies to combat the problem.

NGSS.HS-LS2-1

Use mathematical and/or computational
representations to support explanation of factors that
affect carrying capacity of ecosystems at different
scales.

NGSS.HS-LS2-4

Develop models to demonstrate the flow of energy,
nitrogen, carbon, phosphorus, and water.

NGSS.HS-LS2-6

Analyze populations of lynx and hares in order to
understand the balance that exists between predator
and prey and biomass.
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NGSS.HS-LS2-7

Conduct data collection in the school parking lot to
estimate biodiversity, understand the factors that
influence biodiversity, and then identify strategies to
reduce human impact on biodiversity globally.

NGSS.HS-LS4-4

Use a computer simulation to understand the process
of natural selection, using peppered moths as the
organism of study.

NGSS.HS-LS4-5

Use the case of California salamanders to understand
speciation and how genetic isolation may lead to the
emergence of new traits.

NGSS.HS-ESS2-4

Use a model to describe how variations in the flow of
energy into and out of Earth’s systems result in
changes in climate.

NGSS.HS-ESS3-4

Evaluate or refine a technological solution that
reduces impacts of human activities on natural
systems.

NGSS.HS-ESS3-6

Use a computational representation to illustrate the
relationships among Earth systems and how those
relationships are being modified due to human
activity.

NGSS.HS.ETS1-4

Use a computer simulation to model the impact of
proposed solutions to a complex real-world problem
with numerous criteria and constraints on interactions
within and between systems relevant to the problem.

Unit Essential Questions





What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?

Scope and Sequence






Parking Lot Biodiversity Lab
Biome Book Project
Nitrogen Cycle Modelling
Carbon Cycle Modelling
Hydrologic Cycle Modelling
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Phosphorus Cycle Modelling
Owl Pellet Inquiry Lab
Invasive Species Research Project and Wanted Poster

Assured Assessments
Formative Assessment:
 Weekly free-response questions based on each week’s content, with scoring rubrics
provided for self-reflection and growth
Summative Assessment:
 Collaborative writing of one formal lab report based on one of the labs conducted during
the unit
 Two assessments consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Environmental Science Examination
Resources
Core
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
Time Allotment


Approximately 20 days
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UNIT 3
Human Populations and the Need to Feed
Unit Goals
At the completion of this unit, students will:
LO ERT-3.C

Explain survivorship curves.

LO ERT-3.D

Describe carrying capacity.

LO ERT-3.E

Describe the impact of carrying capacity on
ecosystems.

LO ERT-3.F

Explain how resource availability affects population
growth.

LO EIN-1.A

Explain age structure diagrams.

LO EIN-1.B

Explain factors that affect total fertility rate in
human populations.

LO EIN-1.C.1

Explain how human populations experience growth
and decline.

LO EIN-1.D.

Define the demographic transition.

LO ERT-4.B

Describe the characteristics and formation of soil.

LO ERT-4.C

Describe similarities and differences between
properties of different soil types.

LO EIN-2.C

Describe changes in agricultural practices.

LO EIN-2.D

Describe agricultural practices that cause
environmental damage.

LO EIN-2.E

Describe different methods of irrigation.

LO EIN-2.F

Describe the benefits and drawbacks of different
methods of irrigation.

LO EIN-2.G

Describe the benefits and drawbacks of different
methods of pest control.

LO EIN-2.H

Identify different methods of meat production.
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LO EIN-2.I

Describe the benefits and drawbacks of different
methods of meat production.

LO STB-1.C

Describe integrated pest management.

LO STB-1.D

Describe the benefits and drawbacks of integrated
pest management (IPM).

LO STB-1.E

Describe sustainable agricultural and food
production practices.

NGSS.HS-LS2-7

Given a template for a farm, design buffers and
barriers in order to reduce runoff and decrease the
footprint while maximizing production.

CCS.ELA-Literacy.RST.11-12.3

Perform two separate experiments to evaluate the
fertility of soil samples provided, including color,
porosity, permeability, texture, pH, cation exchange,
water holding capacity, and available nutrients (N, P,
K).

CCS.ELA-Literacy.RST.11-12.7

Collect data from cemeteries and online databases on
human survivorship in order to deriver patterns.

CCS.ELA-Literacy.WHST.11-12.1

Construct an argument for or against providing aid
for developing countries in order to control
population growth in the future.

CCS.ELA-Literacy.SL.11-12.1

Participate in a variety of small discussion regarding
the pros and cons of various practices in agriculture
and concldue which practices should be labeled the
most sustainable for feeding the growing population.

CCS.ELA-Literacy.SL.11-12.2

Research and then present arguments for eating at a
lower trophic level to improve human footprint and
sustainability.

Unit Essential Questions





What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?
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Scope and Sequence









Cemetery Data Lab
Population Pyramid Activity
Eco-Column Construction and Data Collection
Demographic Transition Activity
Soils Lab #1: Physical and Chemical Characteristics
Soils Lab #2: Student Experimental Design
The Biggest Little Farm Documentary Viewing
Genetically Modified Organism Debate

Assured Assessments
Formative Assessment:
 Weekly free-response questions based on each week’s content, with scoring rubrics
provided for self-reflection and growth
Summative Assessment:
 Collaborative writing of one formal lab report based on one of the labs conducted during
the unit
 Two assessments consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Environmental Science Examination
Resources
Core
 The Biggest Little Farm. Dir. John Chester, FarmLore, 2019. Film.
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
Time Allotment


Approximately 15 days
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UNIT 4
Forestry and Biodiversity
Unit Goals
At the completion of this unit, students will:
LO EIN-2.B

Describe the effect of clearcutting on forests.

LO STB-1.G

Describe methods for mitigating human impact on
forests.

NGSS.HS-LS2-7

Evaluate the environmental impacts of various
forestry management practices, then design their own
solutions to mitigate issues.

Unit Essential Questions





What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?

Scope and Sequence




Tree Ring Cross-Section Lab
Smokey Bear Case Study
Carbon Sequestration Lab

Assured Assessments
Formative Assessment:
 Weekly free-response questions based on each week’s content, with scoring rubrics
provided for self-reflection and growth
Summative Assessment:
 Collaborative writing of one formal lab report based on one of the labs conducted during
the unit
 Two assessments consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Environmental Science Examination
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Resources
Core
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
Time Allotment


Approximately 15 days
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UNIT 5
Urbanization, Waste, and Environmental Health
Unit Goals
At the completion of this unit, students will:
LO EIN-2.M

Describe the effects of urbanization on the
environment.

LO STB-1.B

Describe methods for mitigating problems related to
urban runoff.

LO STB-2.J

Describe human activities that result in noise
pollution and its effects.

LO STB-3.H

Describe the effect of persistent organic pollutants
(POPs) on ecosystems.

LO STB-3.I

Describe bioaccumulation and biomagnification.

LO STB-3.J

Describe the effects of bioaccumulation and
biomagnification.

LO STB-3.K

Describe solid waste disposal methods.

LO STB-3.L

Describe the effects of solid waste disposal methods.

LO STB-3.M

Describe changes to current practices that could
reduce the amount of generated waste and their
associated benefits and drawbacks.

LO EIN-3.A

Define lethal dose 50% (LD50)

LO EIN-3.B

Evaluate dose response curves.

LO EIN-3.C

Identify sources of human health issues that are
linked to pollution.

LO EIN-3.D

Explain human pathogens and their cycling through
the environment.

NGSS.HS-LS2-7

Design, evaluate, and refine a solution for reducing
the impacts of human activities on the ecosystem and
biodiversity.
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CCS.ELA-Literacy.RST.11-12.3

Follow precisely a complex multistep procedure
when carrying out experiments, taking
measurements, or performing technical tasks; analyze
the specific results based on explanations in the text.

CCS.ELA-Literacy.SL.11-12.2

Integrate multiple sources of information presented
in diverse formats and media (e.g., visually,
quantitatively, orally) in order to make informed
decisions and solve problems, evaluating the
credibility and accuracy of each source and noting
any discrepancies among the data.

CCS.ELA-Literacy.SL.11-12.5

Make strategic use of digital media (e.g., textual,
graphical, audio, visual, and interactive elements) in
presentations to enhance understanding of findings,
reasoning, and evidence and to add interest.

Unit Essential Questions





What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?

Scope and Sequence







Urban Sprawl Case Study and Presentations
Symbiocity Web-Simulation and Sustainable Cities Report Card
Smart Growth Principles Research and Presentations
Toxicity Webquest
Lemna Minor LD50 Lab
Paper Clip Biomagnification and Bioaccumulation Lab

Assured Assessments
Formative Assessment:
 Weekly free-response questions based on each week’s content, with scoring rubrics
provided for self-reflection and growth
Summative Assessment:
 Collaborative writing of one formal lab report based on one of the labs conducted during
the unit
 Two assessments consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Environmental Science Examination
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Resources
Core
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
Time Allotment


Approximately 20 days
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UNIT 6
Threats to Aquatic Systems
Unit Goals
At the completion of this unit, students will:
LO ERT-1.B

Describe the global distribution and principal
environmental aspects of aquatic biomes.

LO ERT-4.F

Describe the characteristics of a watershed.

LO EIN-2.J

Describe causes of and problems related to
overfishing.

LO EIN-2.K

Describe natural resource extraction through mining.

LO EIN-2.L

Describe ecological and economic impacts of natural
resource extraction through mining.

LO STB-1.F

Describe the benefits and drawbacks of aquaculture.

LO ENG-3.L

Describe the use of hydroelectricity in power
generation.

LO ENG-3.M

Describe the effects of the use of hydroelectricity in
power generation on the environment.

LO STB-3.A

Identify differences between point and nonpoint
sources of pollution.

LO STB-3.B

Describe the impacts of human activities on aquatic
ecosystems.

LO STB-3.C

Describe endocrine disruptors.

LO STB-3.D

Describe the effects of endocrine disruptors on
ecosystems.

LO STB-3.E

Describe the impacts of human activity on wetlands
and mangroves.

LO STB-3.F

Explain the environmental effects of excessive use of
fertilizers and detergents on aquatic ecosystems.

LO STB-3.G

Describe the effects of thermal pollution on aquatic
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ecosystems.
LO STB-3.N

Describe best practices in sewage treatment.

LO STB-4.G

Explain the causes and effects of ocean warming.

LO STB-4.H

Explain the causes and effects of ocean acidification.

NGSS.HS-LS2-7

Model an oil spill, then use various practices
currently in place to clean up the spill, as well as
design their own strategies to mitigate impact on
biodiversity in the marine system.

NGSS.HS-ESS3-2

Using a model of a mineral resource, work to extract
as much ore as possible while limiting environmental
degradation.

CCS.ELA-Literacy.RST.11-12.3

Collect data related to, and evaluate, the quality of a
local waterbody and make recommendations for how
to improve and preserve its health.

CCS.ELA-Literacy.RST.11-12.7

Evaluate the use of hydroelectric power using a
documentary, web-based research, and text, and
design a solution to mitigiate the impacts of
hydroelectric power.

Unit Essential Questions





What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?

Scope and Sequence










Research Project and Case Study based on American Catch
Defining a Watershed Lab
Viewing of DamNation and Debate on Hydroelectric Power
Water Quality Index Lab
Calculating Ecological Footprint: Water Use
Mangrove Forests Case Study, & Viewing of Raising Shrimp
Coral Bleaching Research Project
Viewing of The End of the Line
Oil Spill Lab
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Cookie Mining Lab
Virtual Tour of a Coal Mine

Assured Assessments
Formative Assessment:
 Weekly free-response questions based on each week’s content, with scoring rubrics
provided for self-reflection and growth
Summative Assessment:
 Collaborative writing of one formal lab report based on one of the labs conducted during
the unit
 Two assessments consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Environmental Science Examination
Resources
Core
 DamNation. Dir. Travis Rummel and Ben Knight, 2014. Film.
 The End of the Line. Dir. Rupert Murray, 2009. Film.
 Greenberg, Paul. American Catch: The Fight for Our Local Seafood. London: Penguin,
2014. Print.
 Raising Shrimp: The Future of America’s Favorite Seafood. Dir. Joe Cunningham, Fish
Navy, 2013. Film.
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
Time Allotment


Approximately 20 days
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UNIT 7
The Atmosphere and a Changing Planet
Unit Goals
At the completion of this unit, students will:
LO ERT-4.D

Describe the structure and composition of the Earth’s
atmosphere.

LO ERT-4.E

Explain how environmental factors can result in
atmospheric circulation.

LO ENG-2.A

Explain how the sun’s energy affects the Earth’s
surface.

LO ENG-2.B

Describe how the Earth’s geography affects weather
and climate.

LO ENG-2.C

Describe the environmental changes and effects that
result from El Niño and La Niña events (El NiñoSouthern Oscillation).

LO STB-2.A

Identify the sources and effects of air pollutants.

LO STB-2.B

Explain the causes and effects of photochemical
smog and methods to reduce it.

LO STB-2.C

Describe thermal inversion and its relationship with
pollution.

LO STB-2.D

Describe natural sources of CO2 and particulates.

LO STB-2.E

Identify indoor air pollutants.

LO STB-2.F

Describe the effects of indoor air pollutants.

LO STB-2.G

Explain how air pollutants can be reduced at the
source.

LO STB-2.H

Describe acid deposition.

LO STB-2.I

Describe the effects of acid deposition on the
environment.

LO STB-4.A

Explain the importance of stratospheric ozone to

AP / ECE Environmental Science

32

life on Earth.
LO STB-4.B

Describe chemicals used to substitute for
chloroflourocarbons (CFCs)

LO STB-4.C

Identify the greenhouse gases.

LO STB-4.D

Identify the sources and potency of the greenhouse
gases.

LO STB-4.E

Identify the threats to human health and the
environment posed by an increase in greenhouse
gases.

LO STB-4.F

Explain how changes in climate, both short- and
long-term, impact ecosystems.

LO STB-4.G

Explain the causes and effects of ocean warming.

LO STB-4.J

Explain the causes and effects of ocean acidification.

NGSS.HS-LS2-7

Identify sources of air pollution in developing
nations and design strategies to reduce them.

NGSS.HS-ESS2-4

Create a model of Earth, then identify how changes
in the composition of the atmosphere can lead to a
cascade of changes around the planet.

NGSS.HS-ESS3-5

Anlayze geoscience data and the results from global
climate models to make an evidence-based forecast
of the current rate of global or regional climate
change and associated future impacts to Earth’s
systems.

NGSS.HS-ESS3-6

Use a web-based simulation to identify how changes
in human activity have impacted the flow of energy
and the biogeochemical cycles around the planet.

CCS.ELA-Literacy.RST.11-12.3

Conduct an investigation to see how acid deposition
forms, the impact it has on aquatic and terrestrial
systems, as well as some mitigation strategies.

Unit Essential Questions



What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
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How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?

Scope and Sequence









Interpreting Graphs and Data: Clean Air Act
Particulate Air Pollution Lab
Acid Deposition Lab
Coriolis Effect Lab
Viewing of Chasing Ice
Modeling Convection Currents
Modeling El Niño and La Niña: Interpreting impacts on global weather patterns
Identifying sources of indoor air pollutants and designing strategies to reduce or eliminate
them

Assured Assessments
Formative Assessment:
 Weekly free-response questions based on each week’s content, with scoring rubrics
provided for self-reflection and growth
Summative Assessment:
 Collaborative writing of one formal lab report based on one of the labs conducted during
the unit
 Two assessments consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Environmental Science Examination
Resources
Core
 Chasing Ice. Dir. Jeff Orlowski, Submarine Deluxe, 2012. Film.
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
Time Allotment


Approximately 15 days
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UNIT 8
Energy Resources
Unit Goals
At the completion of this unit, students will:
LO ENG-3.A

Identify differences between nonrenewable and
renewable energy sources.

LO ENG-3.B

Describe trends in energy consumption.

LO ENG-3.C

Identify types of fuel and their uses.

LO ENG-3.D

Identify where natural energy resources occur.

LO ENG-3.E

Describe the use and methods of fossil fuels in
power generation.

LO ENG-3.F

Describe the effects of fossil fuels on the
environment.

LO ENG-3.G

Describe the use of nuclear energy in power
generation.

LO ENG-3.H

Describe the effects of the use of nuclear energy on
the environment.

LO ENG-3.I

Describe the effects of the use of biomass in power
generation on the environment.

LO ENG-3.J

Describe the use of solar energy in power generation.

LO ENG-3.K

Describe the effects of the use of solar energy in
power generation on the environment.

LO ENG-3.L

Describe the use of hydroelectricity in power
generation.

LO ENG-3.M

Describe the effects of the use of hydroelectricity in
power generation on the environment.

LO ENG-3.N

Describe the use of geothermal energy in power
generation.

LO ENG-3.O

Describe the effects of the use of geothermal energy
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in power generation on the environment.
LO ENG-3.P

Describe the use of hydrogen fuel cells in power
generation.

LO ENG-3.Q

Describe the effects of the use of hydrogen fuel cells
in power generation on the environment.

LO ENG-3.R

Describe the use of wind energy in power generation

LO ENG-3.S

Describe the effects of the use of wind energy in
power generation on the environment.

LO ENG-3.T

Describe methods for conserving energy.

LO STB-3.K

Describe solid waste disposal methods.

LO STB-3.L

Describe the effects of solid waste disposal methods.

LO STB-3.M

Describe changes to current practices that could
reduce the amount of generated waste and their
associated benefits and drawbacks.

CCS.ELA-Literacy.RST.11-12.3

Work collaboratively to build a windmill and test out
various blade designs for efficiency.

NGSS.HS-ESS3-2

Evaluate peers’ windmill designs in order to
ultimately create one blade design for maximum
energy production.

CCS.ELA-Literacy.RST.11-12.7

Research the pros and cons of each source of
renewable and nonrenewable energy.

CCS.ELA-Literacy.SL.11-12.1

Collaborate and discuss their research into renewable
and nonrenewable energy sources.

CCS.ELA-Literacy.SL.11-12.4

Present their findings on renewable and
nonrenewable energy sources in a concise and
effective manner including proper accounting for
each source of renewable and nonrenewable energy.

CCS.ELA-Literacy.SL.11-12.5

Peer-review each image and figure in peers’ energy
presentations in order to maximize the effectiveness
of each presentation.
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Unit Essential Questions





What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?

Scope and Sequence






Seeking Solutions: Drilling in the Arctic National Wildlife Refuge
Carbon Dioxide Emissions from Fossil-Fuel Burning Investigations
Personal Energy Use Audit Investigation
Energy Resource Comparison Project
Windmill Blade Design Lab

Assured Assessments
Formative Assessment:
 Weekly free-response questions based on each week’s content, with scoring rubrics
provided for self-reflection and growth
Summative Assessment:



Collaborative writing of one formal lab report based on one of the labs conducted during
the unit
Two assessments consisting of multiple-choice and free-response questions similar to the
format of the College Board Advanced Placement Environmental Science Examination

Resources
Core
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
Time Allotment


Approximately 20 days
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UNIT 9
Independent Study
Unit Goals
At the completion of this unit, students will:
CCS.ELA-Literacy.RST.11-12.2

Determine the central ideas or conclusions of a text;
summarize complex concepts, processes, or
information presented in a text by paraphrasing them
in simpler but still accurate terms.

CCS.ELA-Literacy.RST.11-12.7

Research and develop a problem they wish to solve
related to the essential questions of the course.

CCS.ELA-Literacy.WHST.11-12.1

Present their problem in an informal topic proposal
supporting why the problem must be answered.

CCS.ELA-Literacy.WHST.11-12.4

Create a thesis-style document outlining their
research and findings.

CCS.ELA-Literacy.WHST.11-12.8

Conduct extensive research using multiple resource
platforms in order to further their background and
understanding of the problem.

CCS.ELA-Literacy.SL.11-12.1

Utilize many forms of imagery and graphics to
present their findings to the class.

CCS.ELA-Literacy.SL.11-12.4

Present their findings and process to the class in an
effective manner.

Unit Essential Questions





What processes allow for Earth to maintain its overarching equilibrium and homeostasis?
How have living organisms added to or subtracted from Earth’s ability to maintain
homeostasis?
How has human presence altered these processes, and what impact will it have?
How can humans alter behavior and practices to mitigate these impacts?

Scope and Sequence


Independent research project and presentations
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Assured Assessments
Formative Assessment:
 Informal topic proposal supporting why the research problem must be answered
 Thesis-style document outlining research and findings
Summative Assessment:


Presentation of research findings and process, evaluated by teacher and peers

Resources
Core
 Withgott, Jay, and Matthew Laposata. Environment: The Science behind the Stories. 6th
ed. New York: Pearson, 2018. Print.
Time Allotment


Approximately 25 days
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COURSE CREDIT
1.25 credits in science
One class period daily, plus laboratory, for a full year

PREREQUISITES
Grade of A- or better in Advanced College-Preparatory Biology and Advanced CollegePreparatory Chemistry, or Grade of B+ or higher in Honors Biology.

CURRENT REFERENCE
AP Central. “AP Environmental Science.” https://apcentral.collegeboard.org/courses/apenvironmental-science/course. Web.

ASSURED STUDENT PERFORMANCE RUBRICS




Trumbull High School School-Wide Writing Rubric (attached)
Trumbull High School School-Wide Problem-Solving Rubric (attached)
Trumbull High School School-Wide Independent Learning and Thinking Rubric (attached)
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Trumbull High School School-Wide Writing Rubric
Category/
Weight

Purpose
X_______

Exemplary
4
Student work:




Organization
X_______






Content
X_______




Use of
Language
X_______






Goal
3
Student work:

Establishes and
maintains a clear
purpose
Demonstrates an
insightful
understanding of
audience and task



Reflects sophisticated
organization throughout
Demonstrates logical
progression of ideas
Maintains a clear focus
Utilizes effective
transitions



Is accurate, explicit,
and vivid
Exhibits ideas that are
highly developed and
enhanced by specific
details and examples



Demonstrates excellent
use of language
Demonstrates a highly
effective use of
standard writing that
enhances
communication
Contains few or no
errors. Errors do not
detract from meaning



AP / ECE Environmental Science














Working Toward Goal
2
Student work:

Establishes and
maintains a purpose
Demonstrates an
accurate awareness
of audience and task




Reflects
organization
throughout
Demonstrates
logical progression
of ideas
Maintains a focus
Utilizes transitions



Is accurate and
relevant
Exhibits ideas that
are developed and
supported by details
and examples



Demonstrates
competent use of
language
Demonstrates
effective use of
standard writing
conventions
Contains few errors
Most errors do not
detract from
meaning














Needs Support
1-0
Student work:

Establishes a purpose
Demonstrates an
awareness of audience
and task



Reflects some
organization throughout
Demonstrates logical
progression of ideas at
times
Maintains a vague focus
May utilize some
ineffective transitions



May contain some
inaccuracies
Exhibits ideas that are
partially supported by
details and examples



Demonstrates use of
language
Demonstrates use of
standard writing
conventions
Contains errors that
detract from meaning















Does not establish a
clear purpose
Demonstrates
limited/no
awareness of
audience and task

Reflects little/no
organization
Lacks logical
progression of ideas
Maintains little/no
focus
Utilizes ineffective
or no transitions
Is inaccurate and
unclear
Exhibits limited/no
ideas supported by
specific details and
examples
Demonstrates
limited competency
in use of language
Demonstrates
limited use of
standard writing
conventions
Contains errors that
make it difficult to
determine meaning
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Trumbull High School School-Wide Problem-Solving Rubric
Category/
Weight

Exemplary
4

Goal
3

Working Toward
Goal
2

Needs Support
1-0

Understanding
X_______



Student demonstrates
clear understanding of
the problem and the
complexities of the
task



Student demonstrates
sufficient
understanding of the
problem and most of
the complexities of
the task



Student demonstrates
some understanding
of the problem but
requires assistance to
complete the task



Student demonstrates
limited or no
understanding of the
fundamental problem
after assistance with
the task

Research
X_______



Student gathers
compelling
information from
multiple sources
including digital, print,
and interpersonal



Student gathers
sufficient
information from
multiple sources
including digital,
print, and
interpersonal



Student gathers some
information from
few sources
including digital,
print, and
interpersonal



Student gathers
limited or no
information

Reasoning and
Strategies
X_______



Student demonstrates
strong critical thinking
skills to develop a
comprehensive plan
integrating multiple
strategies



Student demonstrates
sufficient critical
thinking skills to
develop a cohesive
plan integrating
strategies



Student
demonstrates some
critical thinking
skills to develop a
plan integrating
some strategies



Student demonstrates
limited or no critical
thinking skills and no
plan

Final Product
and/or
Presentation
X_______



Solution shows deep
understanding of the
problem and its
components
Solution shows
extensive use of 21stcentury technology
skills



Solution shows
sufficient
understanding of the
problem and its
components
Solution shows
sufficient use of 21stcentury technology
skills



Solution shows some
understanding of the
problem and its
components
Solution shows some
use of 21st-century
technology skills



Solution shows
limited or no
understanding of the
problem and its
components
Solution shows
limited or no use of
21st-century
technology skills



AP / ECE Environmental Science
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Trumbull High School School-Wide
Independent Learning and Thinking Rubric
Category/
Weight

Exemplary
4

Goal
3

Working Toward
Goal
2

Needs Support
1-0

Proposal
X_______



Student demonstrates a
strong sense of
initiative by generating
compelling questions,
creating uniquely
original projects/work



Student demonstrates
initiative by
generating
appropriate
questions, creating
original
projects/work



Student
demonstrates some
initiative by
generating questions,
creating appropriate
projects/work



Student demonstrates
limited or no
initiative by
generating few
questions and creating
projects/work

Independent
Research &
Development
X_______



Student is analytical,
insightful, and works
independently to reach
a solution



Student is analytical,
and works
productively to reach
a solution



Student reaches a
solution with
direction



Student is unable to
reach a solution
without consistent
assistance

Presentation of
Final Product
X_______



Presentation shows
compelling evidence of
an independent learner
and thinker
Solution shows deep
understanding of the
problem and its
components
Solution shows
extensive and
appropriate application
of 21st-century skills



Presentation shows
clear evidence of an
independent learner
and thinker
Solution shows
adequate
understanding of the
problem and its
components
Solution shows
adequate application
of 21st-century skills



Presentation shows
some evidence of an
independent learner
and thinker
Solution shows some
understanding of the
problem and its
components
Solution shows some
application of 21stcentury skills



Presentation shows
limited or no
evidence of an
independent learner
and thinker
Solution shows
limited or no
understanding of the
problem and its
components
Solution shows
limited or no
application of 21stcentury skills





AP / ECE Environmental Science
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TRUMBULL BOARD OF EDUCATION
TRUMBULL, CONNECTICUT

Report to the Board of Education
Regular Meeting, January 28, 2020
Agenda Item III-F

Mr. Cameron
Approval/Financial Reports through
December 31, 2019
The Finance Committee of the Board of
Education met on January 23, 2020 to
review the financials through December 31,
2019. In addition to the financials, the
Committee also discussed an update on the
recently completed and unbudgeted Special
Education expense items.

Recommendation:

Approve.

TRUMBULL PUBLIC SCHOOLS
TRUMBULL, CONNECTICUT
Finance Committee of the Trumbull Board of Education
Regular Meeting Minutes
Date of meeting:
Thurnday Friday, December 20, 2019
Attendees: Jackie Norcel, Kathleen Fearon, Scot Kerr, Sean O’Keefe
Additional Attendees: Allan Cameron
Location: Long Hill Admin. Ctr.
The meeting was called to order at 8:00A.M.
The minutes from the meeting of October 24, 2019 meeting were unavailable.
The Committee modified the proposed 2020 Regular meeting calendar. The committee approved
the calendar (attached) and requested that it be forwarded to Town Hall for posting,
Next was a discussion around the 403(b) plan for employees excluded from the Town Pension
Plan. Dr. Fearon will reach out to John Golliozo learn the potential financial impact to the Board.
Mr. Kerr proposed the following motion for recommendation to the full Board; “Be it resolved
that the Finance Sub-Committee recommends that the Board of Education establish a substitute
pension plan or plans for the six (6) employees who were omitted from the Town of Trumbull
plan.”
Mr. O’Keefe then reviewed the financial reports as of November 30, 2019. As he reviewed the
financial summary, he drew the committee’s attention to variances in three areas. Employee
Benefits. He believes that the six months of billing are included in the amount and the
encumbrance has not been properly adjusted. Investigation is needed. With respect to Utilities
and Energy; he also believes that the encumbrances are not correct, again further investigation is
necessary. He also explained the relationship between the billing for energy projects and the
lease payments. With respect to Special Education he remains concerned about the current status
of the unbudgeted Special Education and related transportation expenses and the district’s ability
to fully mitigate. He reported on the freeze and responded to a number of questions in certain
accounts. The Committee accepted the financial reports as of November 30, 2019.
Finally, there was a discussion about the proposed 2020-2021 budget. There was a brief
discussion around the possibility of the BOB operating a small fleet of Special Ed. cars/buses.
There was also a discussion around how to help others understand the impact of changing
demographics on the Health Benefits program. Finally, there was a discussion of
paraprofessionals.
The meeting was adjourned at 9:45 A.M.
Respectfully submitted,
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Summary Expense Report As Of December 31, 2019
Attainment Analysis (SKI
2019/20
YTD Dec
Total Trumbull ROE Spend

43 13.

-Salaries
- Benefits

$

S/Tot Salary & Benefits

8,1273
34,246.2

Svcs Prof / Tech
Svcs Property (Util/Repairs/Copiers)
- Svcs Purch’d 0th (Transport/Tuition)
-Supplies
Property (Off Equlp/Furn)
-Other/Misc

95.0

-

-

,

813
1,423.7
67
92.5

FY 2019/20
Budget

VTD
Attain %

2018/19
VTD Dec

FY 2018/19

VTD
Attain %

2017/18
YTD Dec

FY 2017/18

VTD
Attain %

Prior ZYrs
Ave Att%

$

106,118.3

40.8%

$

43,026.1

$

103,536.7

41.6%

$

41,186.4

$

100,422.4

41.0%

41.3%

$
$
$

72,635.5
16,392.3

36.0%
49.6%

25,916.1
7,517.2

36.2%
49.1%

36.6%
45.2%

36.4%

86,851.7

38.5%

31,806.6

$
$
$

69,099.1
14,391.0

33,433.3

$
$
$

25,295.1
6,511.5

38.5%

$
$
$

71,535.4
15,316.2

89,027.8

$
$
$

83,490.1

38.1%

38.3%

$
$
$
$
$
$

1,597.9
3,232.0
10,259.9
2,154.8
657.0
(811.1)

49.8%
49.7%
447%
66.1%
86.3%
-11.4%

$
$
$
$
$
$

884.4
1,683.3
5,139.2
1,420.7
405.4
59.8

$
$
$
$
$
$

1,580.5
3,518.4
10,566.5
1,974.0
465.4
(1,419.8)

56.0%
47.8%
4t6%
72.0%
87.1%
4.2%

$
$
$
$
$
$

944.0
1,488.7
4,798.8
1,275.3
797.5
75.5

$
$
$
$
$
$

1,494.6
3,288.4
9,298.1
2,019.2
702.7
129.2

63.2%
45.3%
51.6%
63.2%
113.5%
58.4%

59 5%
46.6%
50.0%
67.5%
103.0%
-10.5%!

VTD December 2019/20 Expense is $433M (40.8% Attainment of FV Budget of $106.1M)
‘This is BELOW attainment vs AVG of prior two years (41.3%) and BELOW the Prior Year (41.6%)
Lower Attainment by Category:
o Salaries - at 35.9%, trackIng slightly lower than both P/Ys and and the 2 year avg.
o Svcs Prof & Tech - Below P/V and well below 2 year avg.
o Svcs Purch’d Other-Slightly lower than P/Vs and 2 Yrr. Avg.
o Supplies - Slightly lower vs 2 year avg and P/y. Non Emergency/safety spending frozen 12/13/19.
o Property (Off Equip/Furn) - Slightly below both P/V’s and 2 year avg.
o Other/MIsc - Lower overall P/V and 2 Year avg

Appears OK
Inspect
Action Req?

Higher Attainment by Category:
o Benefits - Above P/V and two year avg. -reviewing encumbrances -our mix has more employees In Family coverage.
o Svcs Property (Util/Repairs/Coplers) -slightly higher than last year; and significantly higher than the 2 year avg. - watching Energy & Utilities
(Retro Commissioning payback in UI bills)

2019-20 Financials Summary Exp report w Attainment and VU

8:51 AM 1/23/2020

Summary Expense Report As Of December 31, 2019
Year-to-Year (YTY) Analysis (SIC)
FY2019/20

Total Trumbull BOE Spend
-

Salaries
Benefits
S/TotSalary&Benefits

-Svcs Prof/Tech
- Svcs Property (1.1111/Repairs/Copiers)
- Svcs Purch’d 0th (Transport/TuitIon)
-Supplies
- Property (Off Equip/Furn)
- Other

-

1
2
3
5
6

7
8
9

FY2O1B/19
Actual

Budget
YTY%

2018/19

2019/20
YTD Dec

YTD

YTD Dec

$

106,118.3

$

103,536.7

2.5%

$

43,313.2

$

43,026.1

$
$
$

72,635.5
16,392.3

71,535.4
15,316.2

1.5%
7.0%

%

2.5%

34,246.2

$
$
$

25,916.1
7,517.2

86,851.7

$
5
$

26,118.9
8,127.3

89,027.8

$
$
$

33,433.3

2.4%

0.1%

$
$
$
$
$
$

1,597.9
3,232.0
10,259.9
2,154.8
657.0
(811.1)

$
5
$
$
$
$

1,580.5
3,518.4
10,566.5
1,974.0
465.4
(1,419.8)

1.1%
-8.1%
-2-9%
9.2%
41.2%
42.9%

$
$
$
$
$
$

795.0
1,607.1
4,581.8
1,423.7
567.1
92.5

$
$
$
$
$
$

884.4
1,683.3
5,139.2
1,420.7
405.4
59.8

-10,1
-4.5%

11.2%
-3.6%

0.2%
39.
54.7%

8.9%
1.3%
-97.6%

2019/20 FY Budget Is $106.1M (+2.49% YTY vs 2018/19 Actual)
VID Dec 2019 overall spending is UP 0.6% YTY compared to FY budgeted growth rate of +2.
-Categories growing SLOWER than budgeted growth rate:
0 Salaries - Slightly ahead of last year but lower than budgeted growth rate
0 Svcs Prof & Tech - below last year and Y/Y budget.
0 Svcs Property (Util/Repairs/Copiers) - due to Energy & UtiI /Repairs/Oth Prop Svcs
a Svcs Purch’d Other -Expenditures 10.8 below VID last year, 2.9% below TYTD budget.
o Supplies - slightly ahead of flY but below budgeted growth rate

0.8

Appears OK
Inspect
Action Req?

-Categories growing FASTER than budgeted growth rate:
o Benefits . HIGHER YTY vs budgeted growth rate - continue to monitor mix of plan participants
Added $1.4M to budget; actual is projected @5909K beyond that.
o Property (Off Equip/Furn) - YTD spending ahead of last year due to HVAC Eq. purchase
o Other higher YTY in Dues & Fees and Unemployment; reduced estimated ECS grant reimbursement

Z019-20 Financials Summary Exp report w Attainment and YTY

8:51 AM 1/23/2020

TRUMBULL BOARD OF EDUCATION
TRUMBULL, CONNECTICUT
Report to the Board of Education
Regular Meeting, January 28, 2020

Agenda Item IV-A

Ralph M. Iassogna

Pending Litigation
Town/Board #1 has been added.

Recommendation:

Receive and file.

PENDING LITIGATION
CASE
TOWN/BOARD
1. C.T., J.T. and L.T.
vs.

DESCRIPTION
C.T., a Trumbull minor, his parents J.T. and L.T., alleged that he was injured on
or about November 13, 2019 while playing soccer at recess and fell into a hole on
the soccer field near the goal. Their claim covers that the soccer field was in an
uneven, defective and/or dangerous condition. This claim seeks monetary
damages against Board of Education, Town of Trumbull and Parks and
Recreation Department. (Notice of claim received January 9, 2020).

CASE
Pending

REPRESENTATIVE
TOWN/BOARD
Town/Board

TRUMBULL BOARD OF EDUCATION
TRUMBULL, CONNECTICUT

Report to the Board of Education
Regular Meeting, January 28, 2020
Agenda Item IV-B

Status of Negotiations
Please see reverse side for status of
negotiations with the eight bargaining units.

Recommendation:

Receive and file.

STATUS OF NEGOTIATIONS

Unit

Member of Board's
Negotiating Team

Status of Negotiations

Teachers
TEA

Attorney Floyd Dugas
Marie Petitti
Michael Ward

The TEA Agreement covers the
period from July 1, 2017 to June 30, 2020.
The new TEA Agreement begins July 1,
2020 to June 30, 2023.

Administrators
TAA

Attorney Floyd Dugas
Marie Petitti
Michael Ward

The TAA Agreement covers the
period from July 1, 2018 to
June 30, 2021.

Administrative Support
Services
CALU

Attorney Floyd Dugas

The Administrative Support covers the
period from July 1, 2016 to June 30, 2020.

Custodial/Maintenance
UPSEU LOCAL #424

Attorney Floyd Dugas

The Custodial/Maintenance Agreement
covers the period from July 1, 2017 to
June 30, 2020.

Paraprofessionals
UPSEU LOCAL #222,
CILU #78

Attorney Floyd Dugas

The Paraprofessional Agreement
covers the period from July 1, 2018
to June 30, 2021.

Cafeteria Workers
UPSEU LOCAL #424

Attorney Floyd Dugas

The Cafeteria Workers Agreement
covers the period from July 1, 2017
to June 30, 2020.

CILU Supervisor/
Support Staff
CILU LOCAL #21

Attorney Floyd Dugas

The CILU Supervisors Agreement
covers the period from July 1, 2016
to June 30, 2020.
The CILU Support Agreement
covers the period from July 1, 2016
to June 30, 2020.

1/23/2020 3:02 PM

