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Developing and Evaluating Units of Study Aligned to NGSS

The following statements relate to the Science Foundational Service training:

Developing and Evaluating Units of Study Aligned to NGSS

Please indicate your comfort level with the following:
4 = Fully Agree
3 =Agree
2 = Somewhat Agree
1 = Disagree
NA = Not Applicable to this training session

Science Pre Post

| can summarize the storylining process used to develop or evaluate a unit of study aligned
to the Next Generation Science Standards (NGSS).

| can accurately apply the phases of the storylining process.

| can explain the concept of coherence with respect to a unit of study aligned to the Next
Generation Science Standards (NGSS).

| can analyze whether or not lessons in a unit of study fit together coherently targeting a set
of performance expectations.

| can identify and explain the categories of the EQuIP Rubric for Lessons & Units in Science.

Reflection Questions following post survey:

1. What areas did you grow the most?

2. What areas do you need further development?

3. What next steps do you plan to take to further develop your knowledge and skills related to NGSS?
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What Can I Take Away?

Foundational Services for Science — Developing and Evaluating Units of Study Aligned to NGSS focuses on
equipping educators with the tools needed to begin developing and evaluating units of study for alignment to
the Next Generation Science Standards. Following each session, we will take a few moments to consider next
steps and a plan of action. Use the spaces below each session tile for your reflections.
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NGSS Storyline Process
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© Brian Reiser and Michae! Novak, Northwestern University

Reiser, B. J. (2014). Designing coherent storylines aligned with NGSS for the K-12 classroom. National Science Education Leadership
Association, Boston, MA.

Reiser, B. J., Novak, M., & Fumagalli, M. (2015). NGSS storylines: How to construct coherent instruction sequences driven by phenomena and
motivated by student questions. lllinois Science Education Conference 2015, Tinley Park, IL.
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Considerations in Bundling Performance Expectations
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Bundle Performance Expectations from NGSS

Working in a small group, bundle performance expectations from the Next Generation Science Standards.
1. Begin by looking through the performance expectations in the NGSS to consider potential performance

expectation bundles.

2. Create at least one bundle with your small group.

3. Inthe chart below, record the performance expectations in the left column. And, explain your

rationale for bundling these particular performance expectations in the right column.

4. Be prepared to share with the whole group.

Bundled Performance Expectations
from NGSS

Rationale

11
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Bundled Performance Expectations Rationale
from NGSS
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The Process of Unpacking to Make Sense of the Science

Performance
Expectation

Read & Mark
the DCI

Make Sense
of the DCI

Summarize
the DCI
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3.Weather and Climate

3.Weather and Climate

Students who demonstrate understanding can:
3-ESS2-1. Represent data in tables and graphical displays to describe typical weather conditions expected during a
particular season. [Clarification Statement: Examples of data could Include avarage lemperature, precipitation, and wind direction,] [Assessment Boundary:
Assessment of draphical displays is limited to pictographs and bar graphs. Assessment does not include climate change.]
3-ESS2-2. Obtain and combine information to describe climates in different regions of the world.
3-ESS3-1. Make a claim about the mierit of a design solution that reduces the impacts of a weather-related hazard.*

[Clarification Statement: Examples of design solutions to weather-related hazards could Include barriers to prevent flaoding, wingd resistant roafs, and lightning
rods.]
The performance expectations above were developed using the following elements from the NRE document A Framework for K-12 Science Education:
Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts
Analyzing and Interpreting Data ESS2.D: Weather and Climate Patterns
Analyzing data in 3-5 builds on K-2 experiences and s Scientists record patterns of the weather across different = Patterns of change can be used to make
progresses to introducing quantitative approaches to times and areas so that they can make predictions about predictions. (3-ESS2-1),(3-ESS2-2)
collecting data and conducting multiple trials of qualitative what kind of weather might happen next. (3-ESS2-1) Cause and Effect
observations. When possible and feasible, digital tools should s Climate describes a range of an area's typical weather s Cause and effect relationships are routinely
be used. conditions and the extent to which those conditions vary identified, tested, and used to explain change.
= Represent data in tables and various graphical displays over years. (3-ES$2-2) (3-ESS3-1)
(bar graphs and pictographs) to reveal patterns that ESS3.B: Natural Hazards
indicate relationships. (3-ESS2-1) = A variety of natural hazards result from natural processes.
Engaging in Argument from Evidence Humans cannot eliminate natural hazards but can take Connections to Engineering, Technology,
Engaging in argument from evidence in 35 builds on K-2 steps to reduce their impacts. (3-ESS3-1) (Note: This and Applications of Science
experiences and progresses to critiquing the scientific Disciplinary Core Idea is also addressed by 4-£553-2.)
explanations or solutions proposed by peers by citing relevant Influence of Engineering, Technology, and
evidence about the natural and designed world(s). Science on Society and the Natural World
= Make a claim about the merit of a solution to a problem = Engineers improve existing technologies or
by citing relevant evidence about how it meets the develop new ones to increase their benefits
criteria and constraints of the problem. (3-ESS3-1) (e.g., better artificial limbs), decrease known
Obtaining, Evaluating, and Communicating risks (e.q., seatbelts in cars), and meet societal
Information demands (e.g., cell phones). (3-ESS3-1)
Obtaining, evaluating, and communicating information in 3-5
builds on K=2 experiences and progresses to evaluating the
merit and accuracy of ideas and methods. Connections to Nature of Science
= QObtain and combine information from books and other
reliable media to explain phenomena. (3-ESS2-2) Science is a Human Endeavor
s Science affects everyday life. (3-ESS3-1)

Connections to other DCIs in third grade: N/A

Articulation of DCIs across grade-levels: K.ESS2.D (3-ESS2-1); K.ESS3.B (3-E553-1); K.ETS1.A (3-ESS3-1); 4,ESS2.A (3-ES52-1); 4.ESS3.B (3-ES53-1); 4.ETSL.A (3-ES53-1);
5.ESS2.A (3-ESS2-1); MS.ESS2.C (3-E552-1),(3-ESS2-2); MS.ESS2.D (3-ESS2-1),(3-ES52-2); MS.ESS3.B (3-£553-1)

Common Core State Standards Connections:

ELA/Literacy —

RI.3.1 Ask and answer questions to demonstrate understanding of a text, referring explicitly to the text as the basis for the answers. (3-£552-2)

RI.3.9 Compare and contrast the most important points and key details presented in two texts on the same topic. (3-ESS2-2)

w.3.1 Write opinion pieces on topics or texts, supporting a paint of view with reasons. (3-£553-1)

W.3.7 Conduct short research projects that build knowledge about a topic, (3-£553-1)

W.3.9 Recall information from experiences or gather information from print and digital sources; take brief notes on sources and sort evidence into provided categories. (3-
ESS2-2)

Mathematics —

MP.2 Reason abstractly and quantitatively. (3-ESS2-1),(3-ESS2-2),(3-£553-1)

MP.4 Model with mathematics. (3-ESS2-1),(3-ESS2-2), (3-£553-1)

MP.5 Use appropriate tools strategically. (3-£552-1)

3.MD.A.2  Measure and estimate liquid volumes and masses of objects using standard units of grams (), kilograms (kg), and liters (I). Add, subtract, multiply, or divide to solve
one-step word problems involving masses or volumes that are given in the same units, e.g., by using drawings (such as a beaker with a measurement scale) to represent
the problem. (3-£552-1)

3.MD.B.3  Draw a scaled picture graph and a scaled bar graph to represent a data set with several categories. Solve one- and two-step “how many more” and “how many less”
problems using information presented in bar graphs. (3-E552-1)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section entitled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K-12 Science Education: Practices, Cross-Cutting Concepts, and Core Ideas. Integrated
and reprinted with permission from the National Academy of Sciences.
May 2013 ©2013 Achieve, Inc. All rights reserved. 10f1
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ESS2.D: WEATHER AND CLIMATE

What regulates weather and climate?

Weather, which varies from day to day and seasonally throughout the year, is the
condition of the atmosphere at a given place and time. Climate is longer term and
location sensitive; it is the range of a region’s weather over 1 year or many years,
and, because it depends on latitude and geography, it varies from place to place.
Weather and climate are shaped by complex interactions involving sunlight, the
ocean, the atmosphere, ice, landforms, and living things. These interactions can
drive changes that occur over multiple time scales—from days, weeks, and months
for weather to years, decades, centuries, and beyond—for climate.

The ocean exerts a major influence on weather and climate. It absorbs and
stores large amounts of energy from the sun and releases it very slowly; in that
way, the ocean moderates and stabilizes global climates. Energy is redistributed
globally through ocean currents (e.g., the Gulf Stream) and also through atmo-
spheric circulation (winds). Sunlight heats Earth’s surface, which in turn heats the
atmosphere. The resulting temperature patterns, together with Earth’s rotation
and the configuration of continents and oceans, control the large-scale patterns of
atmospheric circulation. Winds gain energy and water vapor content as they cross
hot ocean regions, which can lead to tropical storms.

The “greenhouse effect” keeps Earth’s surface warmer than it would be
otherwise. To maintain any average temperature over time, energy inputs from
the sun and from radioactive decay in Earth’s interior must be balanced by
energy loss due to radiation from the upper atmosphere. However, what deter-
mines the temperature at which this balance occurs is a complex set of absorp-
tion, reflection, transmission, and redistribution processes in the atmosphere and
oceans that determine how long energy stays trapped in these systems before
being radiated away. Certain gases in the atmosphere (water vapor, carbon diox-
ide, methane, and nitrous oxides), which absorb and retain energy that radiates
from Earth’s surface, essentially insulate the planet. Without this phenomenon,
Earth’s surface would be too cold to be habitable. However, changes in the
atmosphere, such as increases in carbon dioxide, can make regions of Earth too

hot to be habitable by many species.

Copyright © National Academy of Sciences. All rights reserved.
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Climate changes, which are defined as significant and persistent changes in
an area’s average or extreme weather conditions, can occur if any of Earth’s sys-
tems change (e.g., composition of the atmosphere, reflectivity of Earth’s surface).
Positive feedback loops can amplify the impacts of these effects and trigger rela-
tively abrupt changes in the climate system; negative feedback loops tend to main-
tain stable climate conditions.

Some climate changes in Earth’s history were rapid shifts (caused by events,
such as volcanic eruptions and meteoric impacts, that suddenly put a large amount
of particulate matter into the atmosphere or by abrupt changes in ocean currents);
other climate changes were gradual and longer
term—due, for example, to solar output varia-
tions, shifts in the tilt of Earth’s axis, or atmo-
spheric change due to the rise of plants and
other life forms that modified the atmosphere
via photosynthesis. Scientists can infer these
changes from geological evidence.

Natural factors that cause climate
changes over human time scales (tens or hun-
dreds of years) include variations in the sun’s
energy output, ocean circulation patterns,
atmospheric composition, and volcanic activ-
ity. (See ESS3.D for a detailed discussion of
human activities and global climate change.)
When ocean currents change their flow pat-
terns, such as during El Nifo Southern

Oscillation conditions, some global regions

become warmer or wetter and others become
colder or drier. Cumulative increases in the atmospheric concentration of carbon
dioxide and other greenhouse gases, whether arising from natural sources or
human industrial activity (see ESS3.D), increase the capacity of Earth to retain
energy. Changes in surface or atmospheric reflectivity change the amount of
energy from the sun that enters the planetary system. Icy surfaces, clouds, aero-
sols, and larger particles in the atmosphere, such as from volcanic ash, reflect sun-
light and thereby decrease the amount of solar energy that can enter the weather/
climate system. Conversely, dark surfaces (e.g., roads, most buildings) absorb sun-
light and thus increase the energy entering the system.

Dimension 3: Disciplinary Core ldeas—Earth and Space Sciences

Copyright © National Academy of Sciences. All rights reserved.
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Grade Band Endpoints for ESS2.D

By the end of grade 2. Weather is the combination of sunlight, wind, snow or
rain, and temperature in a particular region at a particular time. People mea-
sure these conditions to describe and record the weather and to notice patterns

over time.

By the end of grade 5. Weather is the minute-by-minute to day-by-day variation
of the atmosphere’s condition on a local scale. Scientists record the patterns of the
weather across different times and areas so that they can make predictions about
what kind of weather might happen next. Climate describes the ranges of an area’s
typical weather conditions and the extent to which those conditions vary over

years to centuries.

By the end of grade 8. Weather and climate are influenced by interactions involv-
ing sunlight, the ocean, the atmosphere, ice, landforms, and living things. These
interactions vary with latitude, altitude, and local and regional geography, all of
which can affect oceanic and atmospheric flow patterns. Because these patterns
are so complex, weather can be predicted only probabilistically.

The ocean exerts a major influence on weather and climate by absorbing
energy from the sun, releasing it over time, and globally redistributing it through
ocean currents. Greenhouse gases in the atmosphere absorb and retain the energy
radiated from land and ocean surfaces, thereby regulating Earth’s average surface
temperature and keeping it habitable.

By the end of grade 12. The foundation for Earth’s global climate system is the
electromagnetic radiation from the sun as well as its reflection, absorption, stor-
age, and redistribution among the atmosphere, ocean, and land systems and this
energy’s reradiation into space. Climate change can occur when certain parts of
Earth’s systems are altered. Geological evidence indicates that past climate changes
were either sudden changes caused by alterations in the atmosphere; longer term
changes (e.g., ice ages) due to variations in solar output, Earth’s orbit, or the
orientation of its axis; or even more gradual atmospheric changes due to plants
and other organisms that captured carbon dioxide and released oxygen. The time
scales of these changes varied from a few to millions of years. Changes in the
atmosphere due to human activity have increased carbon dioxide concentrations
and thus affect climate (link to ESS3.D).

Copyright © National Academy of Sciences. All rights reserved.
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Global climate models incorporate scientists’ best knowledge of physical and
chemical processes and of the interactions of relevant systems. They are tested by
their ability to fit past climate variations. Current models predict that, although
future regional climate changes will be complex and varied, average global tem-
peratures 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 by the ways in which these gases are absorbed by
the ocean and the biosphere. Hence the outcomes depend on human behaviors
(link to ESS3.D) as well as on natural factors that involve complex feedbacks
among Earth’s systems (link to ESS2.A).

Dimension 3: Disciplinary Core Ideas—Earth and Space Sciences 189

Copyright © National Academy of Sciences. All rights reserved.
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192

ESS3.B: NATURAL HAZARDS

How do natural hazards affect individuals and societies?

Natural processes can cause sudden or gradual changes to Earth’s systems, some
of which may adversely affect humans. Through observations and knowledge

of historical events, people know where certain of these hazards—such as earth-
quakes, tsunamis, volcanic eruptions, severe weather, floods, and coastal erosion—
are likely to occur. Understanding these kinds of hazards helps us prepare for and
respond to them.

Copyright © National Academy of Sciences. All rights reserved.
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B Natural hazards and other geological events have shaped the course
of human history, sometimes significantly altering the size of human

populations or driving human migrations. i

While humans cannot eliminate natural hazards, they can take steps to
reduce their impacts. For example, loss of life and economic costs have been
greatly reduced by improving construction, developing warning systems, identify-
ing and avoiding high-risk locations, and increasing community preparedness and
response capability.

Some natural hazards are preceded by geological activities that allow for reli-
able predictions; others occur suddenly, with no notice, and are not yet predictable.
By tracking the upward movement of magma, for example, volcanic eruptions can
often be predicted with enough advance warning to allow neighboring regions to be
evacuated. Earthquakes, in contrast, occur suddenly; the specific time, day, or year
cannot be predicted. However, the history of earthquakes in a region and the map-
ping of fault lines can help forecast the likelihood of future events. Finally, satellite
monitoring of weather patterns, along with measurements from land, sea, and air,
usually can identify developing severe weather and lead to its reliable forecast.

Natural hazards and other geological events have shaped the course of
human history, sometimes significantly altering the size of human populations or
driving human migrations. Natural hazards can be local, regional, or global in
origin, and even local events can have distant impacts because of the intercon-
nectedness of human societies and Earth’s systems. Human activities can contrib-
ute to the frequency and intensity of some natural hazards (e.g., flooding, forest
fires), and risks from natural hazards increase as populations—and population

densities—increase in vulnerable locations.

Grade Band Endpoints for ESS3.B

By the end of grade 2, Some kinds of severe weather are more likely than others
in a given region. Weather scientists forecast severe weather so that communities

can prepare for and respond to these events.
By the end of grade 5. A variety of hazards result from natural processes (e.g.,

earthquakes, tsunamis, volcanic eruptions, severe weather, floods, coastal erosion).
Humans cannot eliminate natural hazards but can take steps to reduce their impacts.

193

Copyright © National Academy of Sciences. All rights reserved.
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By the end of grade 8. Some natural hazards, such as volcanic eruptions and
severe weather, are preceded by phenomena that allow for reliable predictions.
Others, such as earthquakes, occur suddenly and with no notice, and thus they are
not yet predictable. However, mapping
the history of natural hazards in a region,
combined with an understanding of relat-
ed geological forces can help forecast the
locations and likelihoods of future events.

By the end of grade 12. Natural hazards
and other geological events have shaped
the course of human history by destroy-
ing buildings and cities, eroding land,

changing the course of rivers, and reduc-
ing the amount of arable land. These

events have significantly altered the sizes

of human populations and have driven
human migrations. Natural hazards can be local, regional, or global in origin, and
their risks increase as populations grow. Human activities can contribute to the
frequency and intensity of some natural hazards.

194 A Framework for K-12 Science Education

Copyright © National Academy of Sciences. All rights reserved.
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Phenomena in NGSS

Working independently, consider your experiences from Phase 1 and 2 to brainstorm about phenomena. To
brainstorm, follow the directions in the box below.

Write three essential facts regarding phenomena in NGSS.
[}
[ ]
3
[ ]
Write two examples of phenomena.
L]
2
[}
Write one question you have regarding phenomena.
[ ]
1
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Characteristics of Good Phenomena

from Joe Kraicik, Three-dimensional instruction: Using a new type of teaching in the science classroom (NSTA, 2015)

Key characteristics associated with the best types of phenomena and questions to explore in the classroom:
e Feasible-Students can design and perform investigations to make sense of the phenomenon.
e Worthwhile-By making sense of the phenomenon, students are building understanding toward various
performance expectations.
e Contextualized-The phenomenon is anchored in real-world issues or local environment of the learner.
e Meaningful-Learners will find making sense of the phenomenon interesting and important.

e Ethical-By exploring the phenomenon, learners do not harm living organisms or the environment.
e Sustainable-Learners can pursue exploration of the phenomenon over time.

Criteria for Evaluating Phenomena
from Ted Willard, NSTA

According to the Framework for K-12 Science Education and the Next Generation Science Standards (NGSS),
teachers should expose students to phenomena and guide them to engage in Science and Engineering Practices
in order to explain those phenomena. By carefully selecting phenomena to share with students, teacher can
guide them toward the scientific understanding of the world as described by the elements of the Disciplinary
Core Ideas (DCls) in the Framework and NGSS. But some phenomena are much more effective than others at
helping all students learn, so it is essential to consider many factors when selecting phenomena. The criteria
below are meant as a guide in evaluating the usefulness of phenomena for classroom instruction. Identify the
DCI element you wish to target with the phenomena, and then ask the following questions:

1. The phenomenon...

= addresses the entire DCl element (continue to the next step)

= addresses only part of the DCI element (only continue to the next step if the phenomenon
address the parts of the DCI Element you wish to address)

» does not address the DCI element {(end of evaluation, do not use this phenomenon)

2. The phenomenon is observable to students, either through firsthand experiences or through someone
else's experiences (such as a recording or set of measurements).

Yes (continue to the next step) No (end of evaluation, do not use this phenomenon)

3. The phenomenon is likely comprehensible to students. For example, the relationship to the DCI
Element is clear and easy to comprehend; any experimental procedure, calculations, and
measurements are unlikely to detract from the lesson; or additional ideas and reasoning skills needed
by students are appropriate given the students' grade level and prior experiences.

Yes (continue to the next step) No (end of evaluation, do not use this phenomenon)

4. The phenomenon is attention getting, thought provoking, and requires some explanation so that it is
likely to engage all students and motivate them to focus on the DCI Element.

Yes (continue to the next step) No (end of evaluation, do not use this phenomenon)

5. Use of the phenomenon is efficient in that the benefits justify any financial costs and/or time devoted
to using the phenomenon with students.

Yes (the phenomenon is promising) No (end of evaluation, do not use this phenomenon)
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Anchoring vs. Investigative

Throughout a unit of study, students will engage with phenomena. At the onset of the unit, we look towards
engaging the students with anchoring phenomena. This phenomenon should hook the interest of the
students and drive students to ask questions that can be investigated in a unit of study. The investigative
phenomena are the phenomena that are examined on a lesson level. These phenomena lead to the discovery
of scientific principles and towards a greater understanding of the anchoring phenomena.

Anchoring Phenomena Investigative Phenomena
e Unit Level - Anchors the unit of study and is * Lesson Level
referred to repeatedly throughout unit * Leads to more questions and discovery of
* Leads to questions scientific principles
* Can be explained by synthesizing from
investigations over a period of time

Candidate Phenomena - Initial Thoughts
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Candidate Phenomena - Building Towards Lessons

Scientific Idea

Phenomenon

Apparatus

This is the “Science.”

* This is the Scientific
Principle students need to
learn.

* Based on the Disciplinary
Core ldeas.

This is reoccurring event that

can be observed.

* Thisis: “Wow! How did
that happen? “

* The event that needs to be
explained.

These are the physical
materials the students will
investigate with and model
from in order to explain the
phenomenon.

* Objects

* Lab Equipment

28—
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Evidence Statement

Phase Reminders or Notes

Purpose of the
Evidence
Statements

Structure of the
Evidence
Statements

How Evidence
Statements can be
used

Limitations of the
Evidence
Statements
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Evidence Statement Take-Aways

Working in a small group, review the evidence statements for the Weather and Climate bundle and use this
space to record key takeaways from those Evidence Statements.
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Sample Student Product

As you are creating your sample student product, follow the prompts below to
guide your work.

Begin by addressing the following questions as a group:

* What are the key aspects of your unpacking that are important to
show up in the capstone student product?

« What kind of task might best get students to use these ideas? (e.g.,
modeling a phenomenon, making sense of data from an experiment,
constructing an explanation)

Based on this conversation, determine your performance expectations for the
assessment. Your performance expectations may be the same as those in NGSS or
they may be a modified version.

Once you have agreed on a general direction, start sketching out a sample student
product. Be sure that your sample product makes clear the following:

* What is the phenomenon, and what is the question about it that
students will be addressing?

* How are the ideas of your unpacking being used in doing this task?

* What practices are the students engaging in while creating this
product?

Put both the question students are addressing and your mocked-up response on
chart paper.

When you are finished, display it so that you can report out to other groups.

Modified from } N ext G en
Sclence Exemplar System
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Understanding the Structure of the Storyline

Creating NGSS Storylines

?

%

?

# Questions

Phenomena

Sclantific Practices

What We Figured Out

Lesson Level PE(s)

34
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Developing and Evaluating Units of Study Aligned to NGSS

WHAT IS COHERENCE?
WHY IS IT IMPORTANT IN
NGSS ALIGNED UNITS? |
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Developing and Evaluating Units of Study Aligned to NGSS

Initial Thoughts: Coherence

Crosscutting Concepts

Consider the term “Coherence.” What does this mean? How would you explain
this term to students, parents, administrations, and scientists? Take a few
minutes to consider what you think coherence might look like in a longer lesson, a
series of lessons, or a unit in science. In the space below, write your current
working definition for the term “coherence” in regards to NGSS aligned materials.
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Developing and Evaluating Units of Study Aligned to NGSS

HOW DO | USE THE EQUIP
RUBRIC FOR SCIENCE?

LU A YA

Sesi 2
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