Revised Draft MA
Science & Technology/
Engineering Standard.

Bedford School Committee O

November 17, 2015
Michael Griffin

MASSACHUSETTS DEPARTMENT O]
ELEMENTARY AND SECONDARY

EDUCATION




Session Goals

* Overview of revised STE standards

* How Bedford is planning the transition
* A closer look at a standard

* The Science and Engineering Practices




Think-Pair-Share

* How does this:

Become this:

* Share with neighbor




Think-Pair-Share

* Did you cite...
* Water
* Soil
* Minerals
* Air
* Carbon Dioxide

* Minds of Our Own (1997)
* Also check out A Private Universe (1987)
Annenberg Learner (www.learner.org)



http://www.learner.org/

Why is Science, Technology,
and Engineering important?
* Understanding science and engineering issues

and decisions in our life

* E.g., Our changing world: climate change; natural
gas pipelines; renewable energy designs; weather

challenges; inventing new technology to help
mankind

* Readiness for the future!

5)

* Note: Science always includes 0
technology/engineering (Science = STE) \K
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Why revise?

* Update the science
* Last full set of standards developed in 2001

* Preparation for post-secondary success
* STE contributes to college & career readiness (CCR)

* Student preparation for STEM-focused jobs and
postsecondary opportunities*

* Integration of practices with concepts
* Necessary skills for CCR
* Increases rigor of student expectations 8
* Reinforces mathematics and literacy standards &K




2001/06 Massachusetts STE

Curriculum Frameworks
(The State Perspective)

* Multi-grade strands that were inconsistent between
districts or even schools

* Primarily content based - we presented the facts

* “Inquiry” was in the framework, taught separately and
had many different meanings

* Passive Verbs — identify, recognize, give examples
* Minimal Engineering content

* Did not develop scientific reasoning-students are
unable to make sense of the world around them 9
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BEDFORD AHEAD OF THE CURVE

A BRIEF HISTORY OF SCIENCE IN BEDFORD SINCE 2001

- Curriculum revisions to incorporate writing and analysis skills
- Content in context and applied by students

- Developed rubrics for incorporating science reports and critical thinking

- Developing emphasis on practices - students learn skills that could be transferred to
other disciplines and provide a strong foundation for further studies.

- Early on — incorporated methods to have students demonstrate understanding of
concepts and applications (Inquiry part of all units — not it's own unit)

- Incorporated Engineering Process Course, Robotics, Upgraded Drafting to
incorporate CAD and 3-D design.

- Major curriculum work linking concepts to the real world we live in

- Examined scope and sequence of curriculum — looking at methods to identify and
incorporate writing and analysis.

- Sixth grade focus on science practices began in 2002.
- Practices incorporated into the curriculum in all grades.
- Linking content to the real world

- Examined scope and sequence mapping k-12 to examine where misconceptions 10
may arise and formulate common vocabulary

Our goal is to keep ahead of the wave of changes, develop inquisitive students, and provide
them with the needed skills for success to be life long learners.




2015 Revised Massachusetts
STE Standards

* Balance Core Ideas with Practices.

* STE Practices make sure that students can
reason scientifically and technologically about
the world.

* Practices are integrated with content that can
be applied in relevant real world situations.

* There is significant overlap between the STE
practices and MATH and ELA practices. :
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Implications for curriculum
and instruction

Shift in curriculum & instruction

Shift in revised standards

Relevance: Organized around core
explanatory ideas that explain the
world around us

Rigor: Central role for science and
engineering practices with concepts

Coherence: ideas and practices build

across time and beg\\%epteeg disciplines

an Reiser,

The goal of teaching needs to shift
from facts and concepts to
explaining phenomena

Inquiry- and design-based learning is
not a separate activity; all STE
learning should involve engaging in
practices to build and use knowledge

12
Teaching involves building a coherent

NaronAIe ACroRs Hime




Implications for Instruction

Science Instruction Will Involve |Science Instruction Will Involve
Less

Rote memorization of facts and
terminology. Students expected to follow
specific steps and procedures.

Teachers leading and providing
information to the whole class.

Preplanned outcomes for “cookbook” labs
or hands-on activities. Scientific method
expected to be followed and students
arrive at the same conclusion about an
experiment.

Worksheets and individual work. Posters
and projects that teachers have outlined
the parameters and determine the
outcome.

Facts and vocabulary are learned as
needed. Developing explanations are
supported by evidence based arguments
and reasoning

Students conducting investigations,
solving problems, and engaging in
discussions with teacher’s guidance.

Multiple investigations driven by student’s
questions with a range of possible
outcomes in which students analyze and
interpret data that leads to a deep
understanding of core scientific ideas

Science journals, collaborative group
projects, media presentations that 13
demonstrate student understanding




Outcomes of integrating practices &

* Better ref
* Increasec

* Increasec

content

ection of actual science and engineering
mastery of sophisticated subject matter
opportunities to engage in practices in

authentic contexts
* Increased interest in STEM

* America’s Lab Report (NRC, 2005)

14
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What Bedford is doing to transition to the

revised STE standards?
+»» Middle School

%+ Three year transitioning from the traditional subject based grade to a spiraled approach

with culminating unit.
»  First year — grade 6 full spiral, 7 introduces Physical Science Unit to replace Gr. 8 Life Science
Topic
» Second Year — Grade 7 Full Spiral — Adds Earth Science Unit, Gr. 8 adds life science unit.
»  Third year — All grades full spiral.

< Planning stage culminating unit — The 4t Quarter unit encompasses all units and
integrates engineering/technology.

%+ Tech and Science — Increase in design process and incorporating more programming and
engineering skills

%+ MS and HS Developing a science and engineering process developmental
skill rubric to document student development of the processes —
supporting with a student “portfolio” and self analysis

15




What an STE standard looks like

7-MS-LS2-2

« 7.MS-LS2-2 Develop a model to describe cycling of matter among
living and nonliving parts of an ecosystem including the role of
photosynthesis and decomposition. Clarification Statement: Emphasis is
on a general understanding of cycling of matter in an ecosystem State
Assessment Boundary: Cycling of specific atoms (such as carbon or oxygen),
or the biochemical steps of photosynthesis and decomposition are not
expected in state assessment

* Articulates expected performance/demonstration
17

* Does not limit curriculum and instruction to the | ,
included practice




Core Ideas

* Key understandings that allow students to
interpret and explain the world around them

* Natural phenomena (e.g., pressure from gas, mass
of a tree, carbon cycling, climate change)

* Designed systems (e.g., energy systems,
transportation systems)

* Progress in sophistication K-12

18




Coherent progressions of learning

*Vertical alignment through progressions of
practices and concepts

* Draws on learning progression research

* A Framework for K-12 Science Education (NRC, 2012)

* Learning Progressions in Science: Current Challenges and Future
Directions (Alonzo & Gotwals, 2012)

* Learning Progressions in Science: An Evidence-Based Approach to
Reform (CPRE, 2009)

€ Aamizmn ) n s

| pes 19
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Origin of tree mass?
2001/2006 STE

* Gr. 3-5, LS #11: Describe how energy derived from the sun
Is used by plants to produce sugars (photosynthesis) and
is transferred within a food chain from producers (plants) to
consumers to decomposers.

* Gr. 6-8, LS #16: Recognize that producers (plants that
contain chlorophyll) use the energy from sunlight to
make sugars from carbon dioxide and water through a
process called photosynthesis. This food can be used
immediately, stored for later use, or used by other organisms.

* HS, LS 2.4: Identify the reactants, products, and basic
purposes of photosynthesis and cellular respiration. Explain
the interrelated nature of photosynthesis and cellular respiration
in the cells of photosynthetic organisms.

20



Origin of tree mass?
2015 Draft revised STE

* 5-LS1-1. Support an argument with evidence that plants get
the materials they need for growth and reproduction
chiefly through a process in which they use air, water,
and energy from the sun to produce sugars and plant
materials.

* MS-LS2-3. Develop a model to describe the cycling of matter
among living and nonliving parts of an ecosystem
including through the process of photosynthesis and
cellular respiration.

* HS-LS1-5. Use a model to illustrate how photosynthesis uses
light energy to transform carbon dioxide and water into
oxygen and chemical energy stored in the bonds of
glucose and other carbohydrates.

21



Overview an

Prerequisite STE Standards
(students should already know
and be able to do these)

Unit STE Standards
(students will learn these
through the unit)

MS-LS2-1. Analyze and interpret data to provide evidence

for the effects of periods of abundant and scarce resources

on the growth of organisms and the number of organisms
(size of populations) in an ecosystem.

MS-LS2-7 (MA). Construct a model of a food web to explain
that energy is transferred among producers, primary,
secondary, and tertiary consumers, and decomposers as they
interact within an ecosystem. [Clarification Statement:
Student should be able to predict changes in relative sizes of
populations based on food webs.]

/

v

MS-LS2-4. Analyze data to provide evidence that disruptions
(natural or human-made) to any physical or biological
component of an ecosystem can lead to shifts in all its

populations. [Clarification Statement: Focus should be on
ecosystems characteristics varying over time, including
disruptions such as hurricanes, floods, wildfires, oil spills,
and construction.]

[

MS-LS2-6 (MA). Explain how changes to the biodiversity of

an ecosystem—the variety of species found in the ecosystem
—may limit the availability of resources humans use.

[Clarification S E les of can include

food, energy, medlcme and clean water.]

v

MS-ETS1-2. Evaluate competing solutions to a given
design problem using a systematic process to determine how
well each meets the criteria and constraints of the problem.

MS-LS2-5. Evaluate competing design solutions for
protecting an ecosystem. Discuss benefits and limitations
of each design.* [Clarification Statement: Examples

Assumptions

Subsequent STE Standards
(facility with the unit standards will
contribute to learning these later)

HS-LS2-1. Analyze data sets to support cxplanations that
biotic and ablotlc factors affect ecosystem carrying capacity.
[Clarifi S : Examples of biotic factors
could include relationships among individuals (e.g., feeding
relationships, symbioses, competition) and disease. Examples
of abiotic factors could include climate and weather
conditions, natural disasters, and availability of resources.
Example data sets can be derived from simulations or
historical data.]

=
—

( HS-LS2-2. Use mathematical representations to support and )

revise explanations based on evidence that biotic and abiotic
factors affect biodiversity, including genetic diversity within
a population and species diversity within an ecosystem.
[Clarification Statement: Examples of biotic factors could
include relationships among individuals (e.g., feeding
relationships, symbioses, competition) and discase.
Examples of abiotic factors could include climate and
weather conditions, natural dtsasters. and ava|lab1hly
of E les of matk
include finding the avemge determining trends and using
graphical comparisons of multiple sets of data.] [Assessment
Boundary: Assessment is limited to provided data. ]

,

HS-LS2-6. Evaluate the claims, evidence, and reasoning that
in stable conditions the dynamic interactions within an
ecosystem tend to in relatively bers and
types of organisms even when small changes in conditions
occur but that extreme fluctuations in conditions may result
in a new ecosystem. Analyze data to provide evidence that
ecosystems with greater biodiversity tend to have greater

[ MS-ESS3-4. Construct an argument supported by evidence
that human activities and technol can be d to
mitigate the negative impact of i inhumm,, lati
and per-capita p on the
environment. [Clarification Statement: Arguments should be
based on examining historical data such as population graphs,
natural resource distribution maps, and water quality studies
over time. Examples of negative impacts can include ch

and resilience to change. [Clarification Statement:
Examples of cl in y conditions could include
modest biolog: ‘or,,‘,' | ct such as mod
hunting or a seasonal flood; and, extreme changes, such as
volcanic eruption, fires, climate changes, ocean acidification,
or sea level rise.]

,

to the amount and quality of natural resources such as water,
mineral, and energy supplies.]

Use a model of each solution to evaluate how
variations in one or more design features, including size,
shape, weight, or cost may affect the function or
effectiveness of the solution.*

—— —| of design solutions could include water, land, and species
protection, and the prevention of soil erosion. Examples
of design solution constraints could include scientific,

and social considerations. ]

v

HS-LS2-7. Analyze direct and indirect effects of human
activities on blodlversnty and ecosystem health specﬁ' cally
habitat fi of ve or invasive
species, overharvesting, pollution, and chmale change.
Evaluate and refine a solution for reducing the impacts of
human activities on biodiversity and ecosystem health.*
[Clarification St Examples of solutions can include
captive breeding prog; habitat pollution

mitigation, energy conservation, and ecotourism.]

1\




Science & Engineering Practices

oA Wb

00 N

Asking questions and defining problems
Developing and using models

Planning and carrying out investigations
Analyzing and interpreting data

Using mathematics and computational thinking

Constructing explanations and designing
solutions

Engaging in argument from evidence

. Obtaining, evaluating, and communicating

information

23



E2: Build a strong base of knowledge
through content rich texts

E5: Read, write, and speak
grounded in evidence

E6: Use M3 & E4: Construct viable $8: Obtain,
technology arguments and critique evaluate, &
& digital media reasoning of others communicate
strategically & S7: Engage in information
capably argument from E3: Obtain, synthesize,

M5: Use appropriate
tools strategically

and report findings clearly
and effectively in response
to task and purpose

evidence

El: Demonstrate independence in reading complex
texts, and writing and speaking about them

Commonalities
Among the Practices
in Science, Mathematics
and English Language Arts

Based on work by Tina Chuek ell.stanford.edu

E7: Come to understand other perspectives
and cultures through reading, listening,
and collaborations

ELA

NGSS@NSTA

STEM STARTS HERE

www.nsta.org/ngss



Ask questions and define

problems

* I can ask questions about what would happen
if a variable is changed.

* I can identify scientific (testable) and non-
scientific (non-testable)questions.

* I can ask questions that can be investigated
and predict reasonable outcomes based on
patterns such as cause and effect
relationships.

25



Develop and Use Models

* I can identify limitations of models.

* I can use a model to test cause and effect
relationships or interactions concerning the
functioning of a natural or designed system.

* I can develop and/or use models to describe
and/or predict phenomena.

26




Plan and Carry Out

Investigations

* I can plan and conduct an investigation
collaboratively to produce data to serve as the
basis for evidence, using fair tests in which
variables are controlled and the number of
trials considered.

* I can evaluate appropriate methods and/or
tools for collecting data.

* I can make predictions about what would
happen if a variable changes.

27



Analyze and Interpret
Data

* I can represent data in tables and/or various
graphical displays (bar graphs, pictographs
and/or pie charts) to reveal patterns that
indicate relationships.

* I can compare and contrast data collected by
different groups in order to discuss similarities
and differences in their findings.

* I can analyze and interpret data to make
sense of phenomena, using logical reasoning, .;
mathematics, and/or computation



Use Mathematics and
Computational Thinking

* I can describe, measure, estimate, and/or
graph quantities (e.g., area, volume, weight,
time) to address scientific and engineering
questions and problems.

* I can organize simple data sets to reveal
patterns that suggest relationships.

29



Construct Explanations

and Design Solutions

* I can construct an explanation of observed
relationships (e.g., the distribution of plants in
the back yard).

* I can use evidence (e.g., measurements,
observations, patterns) to construct or support
an explanation or design a solution to a
problem.

* I can identify the evidence that supports

particular points in an explanation. .



Engage in an Argument

from Evidence

* I can compare and refine arguments based on
an evaluation of the evidence presented.

* I can distinguish among facts, reasoned
judgment based on research findings, and
speculation in an explanation.

* I can construct and/or support an argument
with evidence, data, and/or a model.

31



Obtain, Evaluate, and
Communicate Information

* I can read and comprehend grade-appropriate
complex texts and/or other reliable media to
summarize and obtain scientific and technical ideas
and describe how they are supported by evidence.

* I can compare and/or combine across complex texts
and/or other reliable media to support the
engagement in other scientific and/or engineering
practices.

* I can communicate scientific and/or technical
information orally and/or in written formats, including
various forms of media as well as tables, diagrams, 32

and charts.



STE Standards Resources

* Revised Draft Standards (now open for public comment)
* FAQ

* Crosswalk of the 2001/2006 STE Standards and Revised
2015 STE Standards

* Matrix of the Science and Engineering Practices
* Matrix of Disciplinary Core Idea Progressions

* 'IID'heKCé;]se for an Integrated, Grade-by-Grade Approach
rekK-

* Value of Crosscutting Concepts & Nature of Science in
Curriculum

All Resources found on ESE website:
http://www.doe.mass.edu/stem/review.html 33
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http://www.doe.mass.edu/stem/review.html

Resources

* Crosswalk
* www.doe.mass.edu/stem/resources/Crosswalk-current.xlsx

* Strand maps
* www.doe.mass.edu/stem/standards/StrandMaps.html

* STE MCUs (forthcoming) and rubric

* www.doe.mass.edu/candi/model/files.html
* www.doe.mass.edu/candi/model/rubrics/STE.docx

* Characteristics of an STE Classroom
* www.doe.mass.edu/STEM/Standards-BasedClassroom.docx

34



http://www.doe.mass.edu/stem/resources/Crosswalk-current.xlsx
http://www.doe.mass.edu/stem/standards/StrandMaps.html
http://www.doe.mass.edu/candi/model/rubrics/STE.docx
http://www.doe.mass.edu/candi/model/rubrics/STE.docx
http://www.doe.mass.edu/STEM/Standards-BasedClassroom.docx

Staying up to date/FAQ

-

6 www.doe.mass.edu/5TEM/review.html & B" Google P ¥+ H
Mass./ 701 State Offices - State A-Z Topics
=1 ]
Massachusetts Department of
Elementary & Secondary Education —Select Program Area-- [-]&= B

News School/District Profiles

STEM Home

Curriculum & Assessment
Instructional Resources
Professional Development
Grant Programs

Research, Data and Reports
ESE Councils & Networks
Associations & Initiatives
Contact STEM

School/District Administration Educator Services Assessment/Accountability Family & Community

Science, Technology Engineering, and Mathematics (STEM)

Review of the Science and Technology/Engineering Framework, 2009-2016

The review of the Massachusetts Science and Technology/Engineering (STE) Curriculum Framework started in spring, 2009, and is now anticipated to be completed SY 2015-16. This page is
intended to provide an overview, timeline, and periodic updates on the review process, related documents, and drafis for public comment.

At the October ESE Board meeting the Department laid out the timeline for moving forward with revised Science and Technology/Engineering standards. The Department will make the draft
revised standards public but will not be moving them forward to a public adoption process until the 2015-16 school year. This provides guidance on the key directions the revised STE standards
will represent and illustrates that they support broader ESE initiatives, such as college and career readiness, while recognizing that many districts are already engaged in multiple major
initiatives. Districts have the opportunity to do planning and curriculum work with the draft revised standards prior to formal adoption and implementation. It is important to note that the
current STE standards remain in effect and the STE MCAS remains aligned to the current STE standards. Each district will make its own decision about whether and/or how to use the draft
revised standards until formal adoption.

Draft Revised Science and Technology/Engineering Standards

[@] Frequently Asked Questions regarding the release of the MA Draft Revised Science and Technology/Engineering (STE) Standards
W] MA Draft Revised Science and Technology,/Engineering Standards (standards only)

W] MA Draft Revised Science and Technology/Engineering Standards (with Foundation Boxes)
[@] Strand Maps of Draft Revised MA Science and Technology/Engineering Standards

Related Resources

(W] Matrix of the Science and Engineering Practices (from NGSS)

(W] Matrix of Disciplinary Core Idea Progressions

[#] Crosswalk of the 2001/2006 STE Standards and Draft Revised STE Standards: Organized by Current Standards

[#] Crosswalk of the 2001/2006 STE Standards and Draft Revised STE Standards: Organized by Draft Revised Standards
W] The Case for an Integrated, Grade-by-Grade Approach PreK-8

W] Value of Crosscutting Concepts & Nature of Science in Curriculum

[P] Presentation: Overview of the MA Draft Revised STE Standards (PPT)

www.doe.mass.edu/stem/review.html \A
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http://www.doe.mass.edu/stem/review.html

Thank you!

Questions, Comments, or Requests:

mathsciencetech@doe.mass.edu

www.doe.mass.edu/stem/review.html
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