What Your Colleagues Are Saying . . .

Surfacing Brilliance Through Meaningful Science Assessment is the
assessment guide we’ve been waiting for. Aneesha Badrinarayan offers a
clear, compassionate, and visionary roadmap for designing assessments that
affirm student brilliance, honor cultural assets, and spark real sensemaking.
Grounded in both research and practice, this book translates equity into
action—making it an essential companion for educators, leaders, and
developers who believe science learning should be rigorous, relevant, and
relentlessly student-centered.

—Linda Darling-Hammond

Charles E. Ducommun Professor of Education Emeritus,
Stanford Graduate School of Education

Stanford, CA

This book is grounded in “the fierce belief that all students are capable of
brilliance.” Badrinarayan’s passion, expertise, and humility shine through her
writing. She expertly balances providing practical strategies for assessment
design and carefully crafted opportunities for deep personal reflection. Her
thoughtful approach to assessment inspires educators to see and nurture the
potential in every learner.
—Tricia Shelton
Chief Learning Officer, NSTA
Clarksville, TN

This book is an essential resource for anyone involved in designing science
assessments. It presents a clear, accessible approach that makes complex
concepts easy to understand and apply. Unlike other resources, it bridges
the gap between theory and practice, offering valuable insights and practical
strategies for realizing a better future for students through improved
assessment practices. A must-read for science educators and designers.
—Daniel Alcazar-Roman
Associate Director, University of California Berkeley
Belmont, CA
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Rooted in how we learn, Badrinarayan masterfully weaves together research,
practical tips, classroom scenarios, design examples and non-examples in a
book that is sure to become a foundational text for assessment developers,
teachers, and anyone interested in creating meaningful learning experiences.
Anchored in science, Badrinarayan’s advice will engage, push, and excite
anyone working to understand and build upon students’ brilliance.
—Sasha Klyachkina
Skyline Assessment Manager, Chicago Public Schools
Chicago, IL

After years of wrestling with science assessments, this book is the one-stop
shop we’ve all been waiting for. Whether you’re designing tests, analyzing
data, or looking to make assessments more equitable and engaging, this
book covers it all. Packed with actionable insights, real-world examples,
and practical tools, it’s the ultimate guide to transforming every aspect of
classroom science assessments. If you’re serious about improving science
education, start here!
—TJ Heck
Director, Learning Solutions Content, Science
Cognia, INC
Durand, MI

Badrinarayan is somehow both visionary and practical in ways that will
challenge the reader and help them to advance their practice forward. This
book will serve as an anchor point as we claw our way forward toward better
teaching and learning experiences for all students.
—Matt Krehbiel
Senior Director, Development & Innovation, OpenSciEd
Derwood, MD

Surfacing Brilliance Through Meaningful Science Assessment is Aneesha
Badrinarayan’s “love letter to science assessment,” and it is a refreshing and
insightful read. Based on her two decades of expertise, she proves science
assessment can be meaningful for students and approachable for educators.
Her book will help science educators better understand assessment systems
for the Next Generation Science Standards, including innovative uses of
genAl, and put this knowledge into practice.
—Okhee Lee
Professor, New York University
New York, NY
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Given contemporary expectations for students’ science achievement, no
one has thought more deeply about science assessment design and use
than Badrinarayan. She elevates the discussion by emphasizing the role of
assessment in surfacing student brilliance. She details what that implies and
the many challenges that need to be overcome to attain that vision, while
simultaneously providing examples of tasks and design principles to advance
the effort.
—James W. Pellegrino
Emeritus Professor of Psychology and Learning Sciences,
University of Illinois Chicago
Chicago, IL

This book is designed to impact how we surface brilliance in our students, and
I think at the same time it helps surface brilliance in its readers, making it

both immediately useful and something educators will come back to again and
again to spur important conversations about what science assessment can

and should be now and into the future.

—Katie Van Horne

Principal Researcher & Founder, Concolor Research

Lynnwood, WA

This book shows what high-quality three-dimensional science assessment can
and should be. In doing so, it sets the standard for all future development
efforts. It summarizes, synthesizes, and builds on the varied efforts in the
field, including the authors’ own pioneering work. This book is a must read.
—Nathan Dadey
The National Center for the Improvement of Educational Assessment, Inc
Dover, NH

Badrinarayan is fierce in her belief in all students. This is a must-read for
anyone interested in unlocking the transformative power of assessment.
With her engaging tone, timely ideas, and relevant examples, Badrinarayan’s
contributions transcend science. This is a much-needed guidebook for
addressing the enduring challenge of re-imagining assessment to better serve
learners. The future is bright!
—Susan Lyons
Principal Consultant, Lyons Assessment Consulting
Wayland, MA
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Dedication

For Rishi and Aliya. You are my daily reminders that the wonder that fuels
learning is a gift, and being in a position to cultivate it—as your mom
and your aunt, respectively, and as an architect of some small part of how
you experience school—is an enormous responsibility. I hope that we succeed
in building an education system—yes, even its assessments—that empower
you to recognize and grow your unique brilliance. May school always be a
place that ignites your love for learning, may assessments always
make you feel capable and motivated, and may you always know that
the true measure of your success is the one you set for yourselves
(but also, Mama has some thoughts).

For Nimai. You were my first window into the brilliance
of children. I am so proud of you.

For GQ. I'll never stop being grateful that you found me on the
very day I entered the education world—it is the closest thing to
proof of fate that I have ever experienced. I love you.

For passionate teachers, everywhere. You have the hardest,
most important job. The world may not say it enough (or ever),
but thank you for shouldering the awesome task of
shaping the future. Where would we be without you?
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AUTHOR’S NOTE

I’m finishing edits on this book in spring 2025, in the middle of what can
only be described as a tumultuous time for both science and education in
the United States. Amid growing conversations about eliminating initiatives
designed to lift up communities that have been systematically denied
opportunity and access again and again, denying science ideas for which
there is abundant evidence, and questioning both the worth and work of
science in our local and global communities, I can see those in my circles
being made smaller by the realities of our world. My friends, I cannot think
of a time when it has been more important to figure out ways to value our
humanity and sophisticated science understanding together—to model how
perspective-taking and caring discourse makes us smarter, to seek evidence
of brilliance in the diversity of our lived experiences, and to arm our youth
with fully earned confidence in their ability to make meaning—using robust
science ideas and practices!—where it seems like there is only chaos.
Teachers, leaders, researchers, developers: The work you do to see the
potential in every learner and help them meet it is so important. We need

a generation of mentors shaping a generation of thinkers and doers—those
who will see opportunities for economic mobility as part of the same system
as reducing impacts on climate; who will understand how to look for cause
versus correlation when presented with patterns in linking environmental
conditions with disease rates; and who will understand that rash and
inhumane changes made now will have consequences at tremendous scales,
over time. It’s just good science.
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PART 1

UNDERSTANDING

SCIENCE STANDARDS IN
FUTURE-FOCUSED WAYS

Introduction: Setting the Stage

Chapter 1: Future-Focused Science Assessments:
Interpreting the NGSS and Similar Standards
for Meaningful Assessments in a Rapidly Evolving World
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INTRODUCTION

Setting the Stage

My toddler’s school recently sent out a note asking for parents to come in
and talk about their careers. When talking with the other parents, we
joked about who had the most 3-year-old appropriate jobs: A doctor was

a no-brainer, and given our kids’ shared obsession with space, my NASA
scientist husband was volunteered by the group almost immediately.

When it was my turn to offer up my chosen career—to work on meaningful
assessment systems—you might have thought I said I spend my days
stealing puppies or creating a particularly vicious poison. Each person had
an immediate reaction to the word “assessment,” and they painted a pretty
bleak picture.

“Ugh tests—I bet you don’t even want to tell other parents you
work on that!”

“Good grief, I'm getting anxious flashbacks just thinking about
tests!”

“That would be really depressing to have to go tell kids your job is
to figure out what they’re bad at!”

“Ha, talk about wasting time on things that literally never mattered
again—just ask me how many times I've needed to be able to recite
the periodic table in my job selling insurance!”

My friends’ experiences with assessment were unsurprising. Most people
in the United States have overwhelmingly experienced assessment as
demoralizing, dehumanizing, and disconnected from anything that really
mattered to them—including, and maybe most disturbingly, learning.

Many scholars and assessment experts lament that the shift toward
assessments that are increasingly decoupled from meaningful learning means
that assessments can’t help shape learning. I fear that what we are seeing is
worse than “no impact™: It’s negative impact. Assessments are being used to
encourage “drill and kill” memorization over deep inquiry and practicing the
kinds of limited performances students see on tests over rich and extended
engagement with content situated in real-world contexts. Assessments

are also limiting which students see themselves as knowers, doers, and
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learners—just consider how many people self-report that they are “not a
science person” or “bad at math” based on grades and test scores.

These kinds of assessment experiences took root particularly easily in
content-rich disciplines like science and social studies, where it is easy to
imagine getting useful information about students’ learning by asking about
discrete facts, like the phases of mitosis or steps of the Kreb’s cycle. As these
kinds of assessments have persisted, so too have the associated teaching
and learning practices and student experiences: The easiest and most
time-efficient way to recite the phases of mitosis is to memorize them, not to
deeply understand how cell division and genetic information transfer leads to
tissue growth.

The release of A Framework for K-12 Science Education (National Research
Council [NRC], 2012) launched a movement in science education, including
the development of completely new state standards that described a new
vision for what we hope students will know and be able to do in science:

one that centers on figuring out meaningful, real-world phenomena and
addressing problems that matter to students and the communities they are a
part of. For this vision to become lived experience for every student, we need
to reimagine what our assessments look like, how they are experienced, and
what we do with them. This is about more than needing new assessments to
match new standards—we need new assessments to galvanize a movement in
science education, one that reclaims love of the natural world and impossibly
brave imaginations of what the future can look like from the claws of bolded
words in a textbook.

This book is my love letter to science assessment—what it can be, and

what it needs to be to support our youth in embracing science as a part of
their daily lives and the solutions of a better future. I focus on the major
lessons learned in science assessment since the release of the Framework
and standards based on it, like the Next Generation Science Standards
(NGSS). Importantly, I've tried to focus on the highest leverage features for
assessing student learning in science, strategies that teachers can implement
right now in their classrooms to better signal and support ambitious goals for
science learning.

This book is my love letter to science assessment—

what it can be, and what it needs to be to support

our youth in embracing science as a part of their
daily lives and the solutions of a better future.
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PART 1 « UNDERSTANDING SCIENCE STANDARDS IN FUTURE-FOCUSED WAYS

A QUICK PRIMER ON THE
NEXT GENERATION SCIENCE STANDARDS

The NGSS were a collaborative effort across 26 lead states to develop
science standards that truly reflected what students need to know and be
able to do in science (NGSS Lead States, 2013). The NGSS were themselves
based on A Framework for K-12 Science Education, a 2012 NRCI consensus
report that detailed the research base for how students learn science,
what science teaching and learning should look like, and what content

and practice should be prioritized. Nearly every state in the United States
has adopted standards based on the Framework, either NGSS verbatim or
something that looks quite similar.

A hallmark of both the Framework and standards based on its
recommendations—and something central to new science assessments—is
the expectation that students will develop and use the three dimensions

of science education together to make sense of phenomena and address
problems. Figuring out how to operationalize three dimensions (Table I-1)
and their use together has been the primary work of curriculum developers,
assessment developers, professional learning providers, educators, and
leaders since the release of the NGSS in 2013.

Table I-1 « Operationalizing Three Dimensions in Science Education

Dimension What it is What this looks like
in the NGSS
Science and The skills, behaviors, and The NGSS expects students
engineering knowledge scientists use as they | to regularly engage in eight
practices investigate and build models and | practices with in increasingly
(SEPs) theories of sophisticated ways over the
the world. course of grades K-12:

1. Asking Questions and
Defining Problems

2. Developing and Using
Models

3. Planning and Carrying
Out Investigations

4. Analyzing and
Interpreting Data
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Dimension

What it is

What this looks like
in the NGSS

5. Using Mathematics and
Computational Thinking

6. Constructing Explanations
and Designing Solutions

7. Engaging in Argument
From Evidence
8. Obtaining, Evaluating,

and Communicating
Information

Disciplinary
core ideas
(DCIs)

A limited set of science
conceptual ideas that meet
at least two of the following
criteria:

1. Have broad importance
across multiple sciences
or engineering disciplines,
or be a key organizing
principle of a single
discipline.

2. Provide a key tool
for understanding or
investigating more complex
ideas and solving problems.

3. Relate to the interests and
life experiences of students
or be connected to societal
or personal concerns
that require scientific or
technological knowledge.

4. Be teachable and learnable
over multiple grades
at increasing levels of
depth and sophistication.
That is, the idea can
be made accessible to
younger students but is
broad enough to sustain
continued investigation
over years.

In the NGSS, the core ideas
are represented across four
domains:

» Life Sciences

» Physical Science

» Earth and Space Sciences
» Engineering

Each domain is divided into
two to four major areas,

with specific conceptual
expectations defined for each.
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(Continued)

Dimension What it is What this looks like

in the NGSS
Cross-cutting | Concepts that have application The NGSS expects students
concepts across all science domains. to develop and demonstrate
(CCCs) seven cross-cutting concepts

with increasing levels of
sophistication across grades
K-12:

1. Patterns

2. Cause and Effect

3. Scale, Proportion, and
Quantity

4. Structure and Function
5. Energy and Matter

6. Systems and System
Models

7. Stability and Change

The NGSS specifies a set of expectations for each dimension at every grade
band (NGSS, 2013, Appendices E, F, and G), as well as provides examples
of what students should know and be able to do in the form of the NGSS
performance expectations. We’ll dive more into how the structure of the
NGSS relates to assessment later in this book, but a major headline is that
NGSS assessments must surface what students know and can do with
elements of all three dimensions in service of making sense of phenomena
and addressing problems.

GROUNDING PRINCIPLES AND NEEDED
SHIFTS IN SCIENCE ASSESSMENT

When the NGSS were first released, the field was inundated with talk about
“shifts”: What were the major conceptual shifts of the standards? What
were the needed instructional shifts in the classroom? What were the biggest
shifts we wanted to see in instructional materials? In professional learning?

While huge collaborative efforts were underway to change the way teachers
and leaders viewed the teaching of science, there was much less clarity about
what this meant for assessment. Stephen Pruitt, one of the authors of the
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Framework and a major architect of the NGSS, famously said that a goal of
the NGSS was to “break assessment”—but for many years, the field of science
assessment sought to do the exact opposite, and continued to force science
assessments to play by the same rules assessment had been playing by for
the last 30 years.

Unsurprisingly, that didn’t work. Time and time again, educators and leaders
would see “new” science assessments and say, “That’s not it.” They told us
that the assessments were disconnected from what teachers were trying in
the classroom—at best, this made the assessments somewhat useless, but
at worst, the assessments were being used to limit or even reject better
teaching and learning practices that were having real impact on students.

By working directly with teachers and leaders, researchers and curriculum
and assessment developers, it became clear that a few foundational
principles needed to ground our work in science assessment. These principles
have emerged from work in science, but they hold true for assessment more
broadly as well:

» Principle 1. All students are capable of brilliance. So many
traditional assessment instruments in the United States have
been designed around the central idea that only some students
can succeed. We see this in our obsession with labeling students
as “basic” or “not proficient,” in red-yellow-green reporting
dashboards that focus on which standards students are failing at,
and in tests designed to be “gotcha” measures that seek to identify
failure points rather than learning edges. We need to stop designing
and using science assessments that operate from a perspective
of failure, and instead, we need to begin with an assumption that
every student is brilliant and can find success. We see this in
assessments that:

e give students an opportunity to show what they do know and
can do,

e focus on providing information about how to support learners in
taking their next steps in learning,

e recognize diverse ways of knowing and thinking as assets in science
learning, and

e provide ways for students to demonstrate progress toward shared
learning goals (i.e., standards) while highlighting unique gifts they
have to offer.
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PART 1 « UNDERSTANDING SCIENCE STANDARDS IN FUTURE-FOCUSED WAYS

We need to stop designing and using science assessments
that operate from a perspective of failure, and
instead, we need to begin with an assumption that
every student is brilliant and can find success.

» Principle 2. Assessments communicate power and value.
Assessments communicate more than information about what
students know and can do—they communicate what a system
values. We hear this every time a teacher feels compelled to change
their instruction because of what is on “the test.” By putting
something on an assessment, we are saying, “This matters—and this
matters more than something that is not being prioritized on this
assessment.” Because assessments ultimately convey values, they
are tools of power—who gets to decide the content of an assessment
is a sign of who has power in systems.

We can use this knowledge of how assessments communicate who is
in power and what they value to our advantage, by being intentional
about how assessments are developed, who gets a say in what they
look like and how they are used, and what the actual content and
design of the assessment looks like.

» Principle 3. Assessments must be coherent with learning.
Assessments are only useful and trustworthy if they mirror and
support how students learn. If students are learning in deeply
collaborative ways that privilege meaning-making, knowledge-in-use,
and contextualized knowledge and practice development (as we
hope science students are), the most productive assessments will
surface how their thinking is progressing in similar ways. This means
assessments that specifically focus on (a) what and how students
have had opportunity to learn, and (b) surfacing students’ learning
edges so that instruction can meet them where they are at and
support their next step in learning.

One question I often hear is what to do when instruction has not

yet shifted to the kind of ambitious teaching and learning the NGSS
demands—if students are still experiencing “sit and get” instruction,
should we use new science assessments or the old ones? This question
deserves careful attention, and we’ll discuss this issue more throughout
the chapters in this book focused on NGSS assessment tasks and
practices, but for now I want to say this: If your assessment truly
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embodies how we want science teaching, learning, and performance

to look and feel, the answer to incoherence with instruction is not to
change the test—it’s to use student performance on the assessment to
reflect on and change instruction rather than to judge students. Better
yet, incorporating meaningful science assessment practices may itself
be a path to improving science instruction!

» Principle 4. Students lived experiences and cultural assets are a
necessary ingredient in effective assessments. This is really more
like Principle 3.5. We know a great deal from brain and cognitive
science, as well as from practical research, about how students
learn. We learn everything by activating and building on what we
already know. This is rooted in our lived experiences—including
both our experiences from schooling as well as the vast amount of
knowledge and practice we have built up and cultivated in our social
and cultural interactions. For assessments to truly surface what
students know and can do, and provide insight into how we support
learning moving forward, they must attend to and account for the
cultural and linguistic assets students bring to the table.

For assessments to truly surface what students know and
can do, and provide insight into how we support
learning moving forward, they must attend
to and account for the cultural and linguistic

assets students bring to the table.

» Principle 5. Assessments must have a “net positive” impact on
teaching and learning. A lot of assessment decisions get justified
as “necessary evil.” I honestly find this notion astounding—what
could possibly make an assessment practice or test we would label
“evil” necessary? I'm not suggesting that every assessment has to
be something every student is excited to participate in—as lovely as
that would be, sometimes we do have to do things we might prefer
not to. But assessments that demean, demoralize, dehumanize
children? That deprofessionalize teachers? That deny students
opportunity for meaningful and rich learning because something
more narrow and superficial “is what we need to do to score well
on the test”? There is nothing “necessary” about those kinds of
assessments. We can have valid and reliable measures that help us
support every learner without doing harm.
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PART 1 « UNDERSTANDING SCIENCE STANDARDS IN FUTURE-FOCUSED WAYS

Given this foundation, we can now begin to dive specifically into the features
of science assessments, as well as the major shifts and non-negotiables that

distinguish high-quality NGSS assessments from other assessments you

might find.
Shift away from science Shift toward science
assessments that look like . . . | assessments that look like . . .
Phenomena » Questions that focus on » Tasks centered around a

and problems

decontextualized science
facts

» “story problems” that include
a context as an interesting
but unnecessary “hook”

specific event or occurrence

» Tasks in which the scenario
is necessary for completing
the task

Multiple,
integrated
dimensions

» Questions about science
ideas OR science practices

» Focus on isolated factoids or
specific lab skills

» Asking students to
demonstrate conceptual
understanding through
engagement with a science
practice

Sensemaking

» Questions that focus on
discrete science topics

» Tests and tasks that assume
only advanced students can
apply learning

» View scaffolding as only
appropriate in instruction,
not assessment

» Strict boundaries between
assessments “for” learning
and assessments “of” learning

» Tasks that ask all students
to demonstrate what they
know and can do by figuring
out something about a
phenomenon or problem

» View appropriate scaffolds
as an opportunity to
guide and reveal scientific
sensemaking

» View all assessments as
opportunities to learn and
make thinking visible

Multimodal

» Primarily comprising multiple
choice and written questions

» Recognize and value many
different modalities for
both the task and student
responses, including
selecting, writing, speaking,
drawing, photographs,
models, simulations, etc.
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Shift away from science

assessments that look like . . .

Shift toward science
assessments that look like . . .

Windows and
mirrors

» Assume all students interact
with every assessment in the
same way

» Seek neutrality—neutral
contexts, no emotional
engagement with the tasks

» Recognize that every student
will interact with a given
task in different ways, and
design assessments such
that they act as windows for
some students and mirrors
for others

» Seek to engage productive
affect—tasks seek to
engage all students without
traumatizing anyone

Progressions

» Assessments reveal whether
students have achieved
grade-level standards

» Focus on end-of-instruction
target alone

» Assessments reveal how
students are thinking along
within- and across-year
learning progressions

Disciplinary
literacy

» Assessments seek to limit
reading, writing, speaking,
and listening as “not part of
science”

» Assessments recognize
that literacy elements are
expected parts of science
performance, and seek to
support students in engaging
with texts, discourse, and
writing in science

Taken together, these shifts have some important implications for what we
should expect of new science assessments.

1. The assessments are going to look different. Sometimes, they will
be so indistinguishable from good instruction it might be confusing
to even figure out where the “assessment” is, and what to do about
it. End-of-unit assessments might look like one coherent task or
project that samples across many standards, rather than like a test
that “covers” every fact from the unit. Some assessments might take
days for students to complete, and others might involve iteration
and revision throughout learning. Almost all assessments will
actually be learning experiences in their own right.
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2. More emphasis on student work analysis and feedback than
on evaluation and grading. NGSS assessments take learning,
growth, and the brilliance of every learner seriously—and nothing
quite stifles learning as much as grades and scores. This doesn’t
mean that we shouldn’t grade or score assessments, or that those
can’t be important and communicative—but most NGSS assessment
resources focus on interpreting student thinking and planning
forward from where students are.

3. Understanding good science assessment practice should also
mean understanding better teaching and learning practices.
Nearly all the shifts described above—emphasis on sensemaking,
the centrality of phenomena and problems, attention to students’
cultural and linguistic assets—are the same as what we want to see
in instructional shifts. This means that learning how to assess the
NGSS doesn’t need to be separate from, or compete with, learning
how to teach the NGSS. These efforts should be mutually reinforcing
and coherent.

THIS IS NOT YOUR TYPICAL
SCIENCE ASSESSMENT BOOK

Leading the collaborative development of most of the foundational

criteria and review processes used to determine the quality of new science
assessments means I have probably looked at thousands of NGSS assessment
tasks over the last decade, developed by researchers and assessment
vendors, NGSS writers, and newly minted teachers. We have come a long
way since the tasks that popped up in 2014—the field has learned so much
about how to assess science learning. There are guides for how exactly

to write NGSS assessments (e.g., Harris et al., 2024), about how to use
formative processes in science classrooms to assess students in real time,
and about how to interpret student thinking relative to performance
expectations (Furtak, 2023; Wertheim, 2024; Wertheim et al., 2023). And
people are putting these ideas into practice—my colleagues in the field have
led countless assessment development efforts over the years, seeking to put
their hard-learned lessons about how to write 3D science tasks into practice
for educators, assessment vendors, and curriculum developers. Yet, every
day I look at assessment tasks that emerge from these processes and think,
“Well, this isn’t quite what we want to see.” Nearly every expert review panel
I have led has seen far more assessment tasks that miss the mark than ones
that approach what our shared vision for science learning looks like. I hear
this echoed every time I work with educators and leaders too—they look at
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technically well-developed assessment tasks or items and say, “This isn’t
what we want science performance to look like.” Then, they follow the careful
development processes we as a field have laid out and come up with tasks
that are extremely similar to the ones they rejected as not good enough.

Why does this keep happening?

When writing this book, I did what I often have teachers, leaders, and
developers do in my professional learning workshops: I took a wide

sample of tasks—along with notes about their development processes and
implementation efforts, conversations with students and teachers about
their reactions, and examples of student work and educator next steps—
and laid them out in ranked order from “least like what we want to see in
science assessment” to “most like what we want to see.” Then I set about
the process of making sense of the patterns I was seeing—what was it about
the tasks themselves, their development, and their implementation that led
to tasks that were closer to one end of the spectrum versus the other? Why
was it possible to follow really high-quality development processes—the same
ones I have used countless times—and sometimes get excellent results and
sometimes get terrible ones? Was it really true that there was just some kind
of magic some assessment writers have and others don’t, as I heard so often
from my colleagues when trying to make sense of this together?

As I went through this process, I realized that in an effort to make extremely
practical the processes and lessons learned through a decade of assessing
the NGSS, we have missed some of the most fundamental aspects of
assessment development: our orientations, assumptions, and trade-offs.
These were the things, time and time again, that distinguished meaningful
tasks from ones that checked all the boxes and still fell short. The bright

side is that if we center these priorities and values, it is much easier to
achieve greatness in science assessment design and use—this is a much more
manageable path for every teacher, leader, and developer to pursue than
needing to invest 40+ hours in every assessment development effort, to get a
somewhat mediocre task out of it.

That’s why this book focuses on a slightly different frame of science
assessment.

Of course, there are chapters on the specific shifts for assessment (Chapter 1),
how to choose and design meaningful multidimensional tasks (Chapter 7),
and how to make sense of student learning (Chapter 5). But this book is built
on the assumption that if we want assessments to help us win the long game,
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we need to take seriously an orientation to student learning and performance
that privileges motivation, engagement, critical thinking, and meaning-
making. I am very sure that not being able to recall the diagram of mitosis or
knowing exactly how to calibrate a scale is never going to be something we
regret outside of the walls of a biology (or maybe chemistry) classroom—and,
when needed, I'm also very sure that any student can learn those things, if
we do our jobs right. But if they never find themselves in the situations where
they need that knowledge at all because they have systematically avoided
science throughout their K-12 and postsecondary careers—because their
assessments, grades, and scores perpetually told them “this is not for you™I
think our hearts will be heavy with that burden for the rest of our days.

If we want assessments to help us win the long
game, we need to take seriously an orientation to student
learning and performance that privileges motivation,
engagement, critical thinking, and meaning-making.

Instead, let’s use sophisticated, concept- and practice-rich assessments
that push students to excel and grow. Let’s use assessments to develop and
demonstrate that our learners are the most scientifically savvy generation
to emerge from K-12 schools yet. But let’s do assessment in ways that
empower learners, light that inner fire to learn more and do more, and help
them imagine a future where they are an essential part of the tapestry that
is science.

OVERVIEW OF THIS BOOK

This book sets out a roadmap for this kind of orientation to science
assessment. First, let’s understand current science standards, and how
they relate to the kinds of durable skills and competencies future-focused
educational efforts are working on. Then, let’s dive into four priorities for
approaching science assessment in ways that honor learning for all and
build on each other: sensemaking, relevance, assets, and opportunity.
Finally, let’s consider how to do this in practice: how we select, adapt, and
design assessments that do these things, and how we might make use of
technologies like artificial intelligence to bring these core values to life more
readily in our assessment processes. Because I'm focusing on those most
fundamental features of assessment design, it is my sincere hope that this
book is useful to everyone working to serve K-12 students, from kindergarten
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teachers to those teaching Advanced Placement (AP) and International
Baccalaureate (IB) classes to high school seniors, and from teachers and
coaches to assessment developers.

LANGUAGE USE IN THIS BOOK

Words matter. To the best of my ability, I've tried to use language in this
book that is clear, direct, asset oriented, and tends to be preferred by
members of the communities I am talking about at any given moment.
For example, some things you will see in this book:

» T use “disability” instead of more indirect terms to describe
students with physical, mental, cognitive, or developmental
conditions that interfere with one or more major life activities
(Americans With Disabilities Act, 1990).

» Insome instances, I use language that is specific to how U.S.
education law categorizes and supports learners because that
categorization is relevant to both case-making for support and the
direct supports available. In other instances, I use language that
is consistent with scholarship in a given area or with a particular
community—in these instances, I have tried to privilege the
language used within inclusive research-practice partnerships
where research has been conducted with, not to, teachers, learners,
and the communities they are part of.

» I have capitalized terms that indicate racial and ethnic identities
(e.g., Black, LatinX).

» I use “Indigenous” most often in the book because much of the work
and scholarship I draw on emerges from many different communities
from within and outside the continental United States, each of whom
have unique identities, communities, and language heritages. Where
an example draws from a more specific geographical and Nation/
Tribal identity, I try to be more specific in my language use as well.

At the same time, language about identity is deeply personal and influenced
by context. As a result, it is entirely possible that some readers or people
will disagree with the language choices I've made here. If you disagree with
my language choices here, then I am wrong in how I am describing your
experiences. I welcome the opportunity to learn forward and be better about
using words that invite you into the conversation.
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I also want to note that I use “NGSS” here largely as a shorthand for
multidimensional standards based on A Framework for K-12 Science
Education. If you have standards that include DCIs, SEPs, and CCCs,
welcome, this book is for you—and honestly, even if you don’t, I think
these ideas are still important, no matter what your standards framework
looks like.

Assessment is rapidly evolving—it’s one of the reasons I have loved working
in this field and have been so honored and humbled by the minds I get to
work with. At the same time, no matter how much technologies and ideologies
about what and how we assess change, there are some things I am very sure
are constant. If students hate science, they will not learn it. If students think
they are innately bad at science, they will not learn it. If students don’t see
the value and magic in science, they will not learn it. And if students don’t
learn how to think like scientists—in the broadest, most inclusive definition

of the term—they will not be able to meet their potential. They simply will not
be the best versions of themselves as the future’s scientists but also as the
future policymakers, advocates, community organizers, inventors of the
yet-to-be-imaged, and champions of responsible, balanced, creative
solutions. And we need them.
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CHAPTER 1

FUTURE-FOCUSED SCIENCE
ASSESSMENTS

Interpreting the NGSS and Similar Standards for
Meaningful Assessments in a Rapidly Evolving World

When the Next Generation Science Standards (NGSS; NGSS Lead States,
2013) were first released in 2013, they were a revelation. They turned
science education into a future-focused pursuit, setting forth expectations for
higher order thinking in science, and a roadmap to getting there via carefully
constructed expectations for the integrated use of science and engineering
practices (SEPs), disciplinary core ideas (DCIs), and cross-cutting concepts
(CCCs). The standards, and the research base (National Research Council
[NRC], 2012) it grew from, acknowledged that the goal was a critically
thinking, problem-solving, scientifically literate generation—and that the way
to get there was not to ignore content or skills as superfluous to that goal but
to pursue them in intentional ways that build deep, conceptual understanding
along with the behaviors and habits that distinguish scientists.

Now, we're living in the future that the NGSS imagined over a decade ago.
While there is still a long way to go to achieve the vision for all learners, and
there have been many bumps along the road (particularly in assessment—
remember when we tried to assess one dimension at a time using multiple
choice questions?), it’s time to take stock of how the field has shifted,

and what that means for science assessment. Assessments, along with
instructional materials and professional learning, are how standards come to
life for students, teachers, leaders, families, and communities. It stands to
reason, then, that features of high-quality assessments should account for
the context within which the NGSS and related standards are operating.

While there is still a long way to go to achieve the vision

for all learners, and there have been many bumps along
the road . . . it’s time to take stock of how the field has
shifted, and what that means for science assessment.
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From my vantage point working across levels in the system, from national
and state policy conversations to discussions about classroom practice, we
seem to be in the middle of major shifts that are relevant to how we think
about science assessments.

1. A call for locally, culturally relevant curriculum and assessments
that are meaningful to the students being taught.

2. An acknowledgment of competencies and durable skills that are
going to be increasingly essential for every learner in current and
future economies.

3. A vibrant interest in technologies and how they could and should
be leveraged in classrooms, and what their emergence means for
academic goals.

When I think of future-focused science assessments, I think about how
assessments surface the brilliance of young people in science in ways that
attend to each of these major emerging priorities.

UNDERSTANDING OUR FOUNDATION: CURRENT
FEATURES OF HIGH-QUALITY SCIENCE ASSESSMENTS

Before we think about how future-focused science assessments might
require an evolution from current practice, let’s ground ourselves in what
those current practices are. Here are some basic tenets and non-negotiable
features of current NGSS assessments (Achieve, 2018, 2019b, 2019d).

1. Assessments ask students to demonstrate their understanding and
ability to use the SEPs, CCCs, and DCIs by applying them to making
sense of phenomena or solving problems.

2. Like instruction, high-quality phenomena and problems must drive
assessment tasks—from the perspective of students, the purpose
of their activities during an assessment should be to figure out the
phenomenon or address the problem identified or posed.

3. Assessments must be multidimensional—that is, they must assess
multiple dimensions together. This is true for every part and type
of assessment, from individual prompts to complex tasks. These
dimensions are most often the DCI and SEP, with DCI/CCC and
CCC/SEP combinations often rounding tasks.

4. Assessments must be accessible to the full range of learners
intended to engage with the assessment.
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5. Assessments must support their intended uses. This includes
providing appropriate information at the right time and grainsize, as
well as being educative to teachers, building their science teaching
and assessing practices.

In a nutshell, assessments should surface student understanding of
standards in ways that are similar to how we teach science: phenomenon
and problem driven, focused on integrating the three dimensions in service
of sensemaking, supportive of a range of learners, and useful for its intended
purpose. Now let’s think about how the changing conversations in teaching,
learning, and assessment might shape how we think about these goals
moving forward.

Assessments should surface student understanding
of standards in ways that are similar to how we
teach science: phenomenon and problem driven,

focused on integrating the three dimensions in
service of sensemaking, supportive of a range of

learners, and useful for its intended purpose.

Landscape Shift 1: Local and Cultural
Relevance and Personalization

Equity has always been at the center of the NGSS and similar standards, and
all curriculum, professional learning, and assessment efforts surrounding
them (NGSS Lead States, 2013, Appendix D). The NGSS development process
included an equity team that was embedded in every step of development,
and the standards documents imbue equity implicitly and explicitly
throughout. The very design of the standards was intended to disrupt
inequities in science teaching and learning. Some examples include:

» Setting standards for all students. This disrupted the too-common
practice of keeping some science disciplines (e.g., physics) and some
experiences (e.g., authentic engagement with science practices and
sensemaking) reserved for certain students, while barring access
for others.

» Elevating science and engineering practices as the mechanism by
which science understanding was made visible. This effectively
removed language and communication differences among learners
as a barrier to science learning and performance.
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» Making cross-cutting concepts an explicit and expected part of both
teaching and learning, as well as of assessment. This made these
incredibly powerful thinking tools that support not only sensemaking
but also broader competencies like transfer, flexible reasoning,
and agency something, that was an intentional learning goal for all
students, not something that some students happened to develop
over time (Badrinarayan & Cooper, 2023a).

» Building robust standards that spiral such that ideas and practices
are revisited in more and more depth from kindergarten through
high school. This meant that (a) all young children are exposed to
and developing meaningful content knowledge that will serve them
throughout their lives (e.g., in reading comprehension along with
science); and that (a) students were given the structures to learn
and be successful by making sure they always have the necessary
prior knowledge to build future, deeper learning (more on this in the
next chapter!).

In the early days of standards implementation, equity was at the heart of
every conversation. In those days, the focus was on all students—this idea
that our most important charge was to make sure everyone had opportunity
to meet these common, aspirational standards. Questions about equity often
revolved around how to make sure everyone got access to the full breadth of
standards, with the assumption that this wouldn’t sacrifice depth because
the standards were designed for depth by integrating sophisticated practices
and thinking lenses with conceptual understanding and an expectation

for sensemaking in each standard. “All standards, all students” was the
shared mantra of researchers, state leaders, classroom teachers, and those
of us responsible for tending to and stewarding the standards and their
implementation. When the NGSS were first released and being adopted by
states, equity conversations focused on questions like:

» How do we ensure all students have opportunities to experience
rigorous, challenging, and meaningful science learning experiences?

» How do we make sure that multilingual students and students with
disabilities—student groups who had notoriously often been left out
of science education all together—had regular and rich access to
science classes?

» How do we advocate for, secure, and protect resources (time,
money, and human capital) for science in a world that can feel
dominated by math and English language arts (ELA)?
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That conversation is shifting. Amid an ever-changing landscape—and one
that has brought the importance of science, if not science education, to

the forefront—parents, teachers, leaders, and students are asking more
pointed questions about how we spend our time and energy in education. As
notions of what it means to equitably support student learning in science are
evolving, people are asking different questions, like:

» Isit actually important that students demonstrate mastery of all
the DCIs? Important for what? And to whom?

» Wouldn't it be better if high school students could choose the area
of science that they are passionate about, rather than having to
pursue all three science disciplines at a level of sophistication that
seems unneeded?

» If students find science irrelevant to their own lives within their own
communities, does it matter if they “learned” it all?

When the NGSS were first released, the major equity transformation was
from “no science” or “memorized facts and cookbook labs” to “robust
access to disciplinary concepts, practices, and sensemaking for all.” We’re
in a different world now. Part of this comes out of lessons learned from
initial efforts to implement the NGSS, as well as from lessons learned from
developing curriculum and assessment, and doing the work of shifting
instruction. In implementing, we have seen the need for relevance to
students and communities become increasingly apparent.

But I think there’s more to it than that. Since the release of the NGSS,
our teachers, families, and students have survived a global pandemic,

an alarming slew of natural hazards and climate-related devastations, a
sickening reckoning with the ever-presence of racism and injustices within
our public institutions, explicit confrontation of the violence women and
nonbinary people face, and tumultuous political and economic times.

Since the release of the NGSS, our teachers, families, and
students have survived a global pandemic, an alarming
slew of natural hazards and climate-related devastations,
a sickening reckoning with the ever-presence of racism
and injustices within our public institutions, explicit
confrontation of the violence women and nonbinary

people face, and tumultuous political and economic times.

21

Copyrighted Material, www.corwin.com. Not intended for distribution.
For promotional review or evaluation purposes only. Do not distribute, share, or upload to any large language model or data repository.



PART 1 « UNDERSTANDING SCIENCE STANDARDS IN FUTURE-FOCUSED WAYS

I was talking with a teacher at a workshop, and she described the change she
has seen in students:

They are the [coronavirus-19] COVID and social media generation.
They know more about what’s going on in countries across the
world than I knew about the next county over when I was growing
up. Their sense of community is so much broader than we are
used to—their communities aren’t just the places they live, they’re
people they relate to through shared interests and passions and
political views and priorities, that they talk to more than the

kid sitting next to them. And they lived through a pandemic, are
craving relationships, and don’t know how to form them. Mitosis
is the farthest thing from their minds, and there’s really nothing

I can say in good faith to convince them to spend effort learning
something that honestly, they probably won’t use, when they are
trying to rebuild human connections.

We are exhausted. And, we are, all of us, questioning: What is the best way
to use our time, our gifts, our relationships with young people to improve
their lives and our world?

The answer has been, increasingly, to rebalance efforts in favor of local
contexts and needs, as well as relevance and personalization to learners and
their communities. We've seen this shift across research, practice, and policy
discussions. An increasing number of scholars have called for reimagining
science education in service of culturally sustaining and justice-oriented
efforts, for centering youth voice and community perspectives (Bang, 2016; Lee
& Grapin, 2024; Morales-Doyle, 2019, 2024). At the same time, practitioners
and curriculum developers have been focusing efforts on locally relevant
implementation, ranging from adapting high-quality instructional materials
(HQIMs) to leverage local community assets to a reinvigoration of local
curriculum and assessment efforts (National Academies of Science, Engineering,
and Medicine, 2022). Even at the state and national levels, policymakers are
prioritizing supporting local relevance and needs. For example, some states

are adopting new science instructional material frameworks that center
relevance to students and the ability to customize or adapt materials for local
implementation (Maryland State Department of Education, 2024), while other
states are exploring how to incorporate local contexts and priorities into
science standards adoption and revision processes. (Some examples include
the New Hampshire Performance Learning and Assessment Consortium for
Educators, the Massachusetts Department of Elementary and Secondary
Education’s science performance tasks, and the science work conducted as part
of Hawai’i’s Performance Assessment Development Initiative.)
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What does this mean for science assessments moving forward (Table 1.1)?
Assessment design has always been a game of trade-offs—so, as we look to
assessments that can serve students now and into the future, we make some
different trade-offs:

» Relevance and engagement shift from “nice to have” to must-have
features of science teaching, learning, and assessment. We
take seriously the time trade-off that is inherent here. Since the
standards were released, there has been a concern that there is
“too much” in the NGSS to cover within standard school years, given
the amount of time needed for students to learn in ways that are
likely to lead to sustained understanding. This is not going to get
better as we try to co-design more with students, and create space
for student-driven projects and inquiries. There will be a tension,
but one we must figure out how to overcome.

» We make sampling decisions—that is, what we emphasize and
de-emphasize in assessment design—that lean into and honor the
aspects of science standards that serve students and communities
best, rather than trying to develop assessments that are “neutral”
or agnostic to community interests.

» We prioritize assessments that measure what matters to students
and their communities, in ways that are humanizing and asset
oriented and make available information to those closest to student
learning, rather than giving all of the power to assessments that are
largely used by external actors.

Table 1.1 < What Changes for Future-Focused Science Assessments?

Some things stay the same . . . Some things change . . .

» Assessments ask students to demonstrate | » Relevance moves beyond familiarity;
and integrate DCIs, SEPs, and CCCs to assessments ask students to make
make sense of phenomena and problems. sense of truly meaningful and impactful

» Phenomena and problems drive phenomena and problems.

assessment activities. » Students demonstrate their understanding
of science through their reasoning and
sensemaking, rather than through whether
they can produce the “right answer.”

» Students are expected to develop the
kinds of sophisticated understanding and
practices described by the elements of
the standards. » Assessments provide more opportunities

for students to bring themselves, and

their unique perspectives, cultural and
linguistic assets, and ideas to the table as

a meaningful part of sensemaking.
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Landscape Shift 2: Competencies and Durable Skills

Alongside calls for teaching, learning, and assessment that is more relevant
and meaningful to students and the communities they are part of, there

has been a rising call to reconsider what knowledge, practices, and abilities
students need to be developing in school in general, and what that should
mean for teaching and learning in each of the disciplines—science included—
specifically. Employers, community leaders, and scholars suggest that skills
like communication, problem-solving, adaptability, and creativity—skills

we might consider “durable”—are going to be essential for all students to
develop and cultivate to be successful in the coming decades (Liu et al.,
2023). Schools, districts, and states are taking this to heart. For example,
many schools and districts have begun adopting and implementing portraits
of a graduate, a framework of competencies that, holistically, schools
should be helping students achieve. At the state level, a growing number of
states are pursuing similar frameworks, along with exploring competency-
and skills-based assessment models to make different kinds of data, about
different kinds of outcomes, available to support teaching and learning.

Employers, community leaders, and scholars suggest that
skills like communication, problem-solving, adaptability,
and creativity—skills we might consider “durable”—
are going to be essential for all students to develop

and cultivate to be successful in the coming decades.

Although we often talk about skills like communication or critical thinking

as content-agnostic, transferrable skills, they don’t actually develop that
way. Put plainly, we don’t learn to communicate as a generalized skill—like
all learning, we learn in context, and over many opportunities to develop
and practice these skills in many different contexts, we begin to be able to
generalize them to more and more contexts that we haven’t been in before.
For example, consider communication. Most people find that they are
effective communicators to specific audiences, in specific contexts, and they
become so by (intentionally or not) working with those audiences repeatedly
over time. While they may be amazing communicators in those contexts, they
can often be somewhat ineffective in less familiar or very different contexts.

As the call for durable skills grows stronger, it is important that we think
about what this means for science teaching, learning, and assessment. On
the one hand, it seems foolish and shortsighted to ignore the emphasis

on durable skills, or to hope students will develop them without specific
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attention to them in instructional design and assessment. This is not in
students’ best interests. First, I am very sure that everyone calling out the
importance of durable skills is right—there has been a steady growth in

how employers rate the importance of these kinds of skills for an increasing
proportion of job functions, and this is unlikely to change. Second, amid calls
to reduce the number of standards students are expected to develop, and

a renewed interests and investment in math and ELA following pandemic-
related decline in performance, ignoring the relationship between durable
skills and science will likely only result in students getting access to and
learning less science in the long run.

The good news is that durable skills don’t have to be “another thing” that

we now have to fit into science instruction and assessment. The NGSS and
Framework for K-12 Science Education (NRC, 2012) intentionally center these
kinds of skills within the SEPs, CCCs, nature of science, and connections to
technology and society (see examples in Table 1.2).

Table 1.2 + Analyzing Relationships Between Durable Skills and

the NGSS

Durable skill

NGSS/Framework connection

Communication: Use of
context-relevant strategies,
domain-specific codes and
tools when interacting with
others, including active
listening, asking questions,
synthesizing messages,
storytelling, and

public speaking

The NGSS and Framework prioritize
communication both of science and engineering
ideas as well as in service of sensemaking
throughout K-12. This is particularly prevalent
in the following practice expectations:

» Developing and Using Models
» Engaging in Argument From Evidence

» Obtaining, Evaluating, and Communicating
Information

Reasoning: Logic-based
thinking processes of an
inductive or deductive
nature that are used to draw
evidence-based conclusions
from data, facts, or premises

Reasoning and scientific sensemaking are at
the heart of the entire NGSS and Framework.
Given expectations for students to make their
thinking visible and for all dimensions to be used
in service of sensemaking, detailed information
about students’ abilities to leverage logic

and disciplinary knowledge together, to draw
conclusions from specific and varied forms of
evidence, to update their thinking based on new
information, and other dimensions of reasoning
will routinely be surfaced.

(Continued)

25

Copyrighted Material, www.corwin.com. Not intended for distribution.

For promotional review or evaluation purposes only. Do not distribute, share, or upload to any large language model or data repository.




PART 1 « UNDERSTANDING SCIENCE STANDARDS IN FUTURE-FOCUSED WAYS

(Continued)

Durable skill

NGSS/Framework connection

Systems Thinking: Mental
analyses of any system to
understand system elements,
the interconnections among
the elements that drive the
system to work as a whole, and
how its constituent elements
function both individually and
in relation to each other

At every grade band, systems thinking is
emphasized through specific DCIs, as well

as through specific SEPs and CCCs. For example,
the following SEPs and CCCs are central to

the framework and provide deep insight into
students’ ability to identify components of
systems, their interactions, and implications

for function:

1. Developing and Using Models

2. Mathematics and Computational Thinking
3. Systems and System Models
4

. Relationships Between Structure and
Function

These SEPs and CCCs can work across domains
to provide insight into students’ ability to
engage in systems thinking. In addition,

some specific DCIs also surface systems
understanding and can be used, both directly
and in transfer contexts, to provide information
about this durable skill. These include DCIs
related to topics such as:

» Ecosystem Functioning
» Earth Systems Interactions

» Human Impacts on Earth Systems

Therefore, the bones of integrating durable skills and NGSS in science
assessments are there—we just have to fill it out by considering how we
interpret the NGSS expectations, and design assessments, in ways that
provide information about, and support for, cultivating these skills. Consider
the following example, which seeks to consider how the NGSS relates to a
learner outcome described by a portrait of a graduate (Table 1.3).
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Table 1.3 + Seeing the NGSS in Portraits of a Graduate

Graduate profile goal: Original thinkers for an uncertain world. Students are
sense-makers, problem-solvers, generative thinkers. They respond to changing
circumstances with new solutions and look for options even when no clear path
exists. Students seek, make sense of, and build on global learnings to meet and
balance the needs of many different kinds of people, industries, and perspectives.

Example of an NGSS element that
could be used to surface this skill

Considerations for
assessment design

Asking questions and defining
problems: Define a design problem
that involves the development of a
process or system with interacting
components and criteria and
constraints that may include social,
technical, and/or environmental
considerations

Ways this could support the competency

» The context for the design

problem is a complex system with
changing or dynamic factors and
environments.

Tasks require students to define a
design problem that intentionally
focuses on an area that people
have different perspectives,
interpretations of evidence, and
values related to. Therefore,
defining the problem specifically
requires contending with

these features.

The situation is authentically
uncertain, and likely an example
of an authentic, intersectional
problem, for which science is part
of, not the full, solution.

Problem definition has collaborative
components (likely needed to really
seriously contend with complex
problems).

Ways this would not support the
competency

» Straightforward context without

real complexity to navigate.

Emphasis in task on isolated

skills, like defining criteria and
constraints, without attending to
the broader context and orientation.

Efforts to limit the complexity to
only focus on a certain kind of data
or perspective.
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Like contending with local relevance, the field-wide shift toward
competencies and durable skills is not in competition with meaningful
NGSS assessments, but it does change the nature of how we interpret the
standards for assessment, and what trade-offs are reasonable given this
emphasis (Table 1.4).

Table 1.4 « What Changes for Future-Focused Science Assessments
Are More Locally Relevant?

Some things stay the same . . . Some things change . . .

» Assessments ask students to » The nature of the phenomena,
demonstrate and integrate DCIs, problems, and tasks change to
SEPs, and CCCs to make sense of emphasize features of the targeted
phenomena and problems. competency.

» Phenomena and problems drive » We may think differently about how
assessment activities. we define success and outcomes, and

what information is important to pay

lop th .
» Students are expected to develop the attention to.

kinds of sophisticated understanding
and practices described by the » Assessments pay more attention to
elements of the standards. application in real-world contexts.

Landscape Shift 3: Technology and Its Impact on
Teaching, Learning, and Assessment in Science

Science education and assessment have always had to contend with
evolutions in technology. Indeed, one major argument for shifting toward
prioritizing conceptual understanding and sensemaking has been the
substantial growth in access to facts about the world, and how integrated
science and technology is in our daily lives. Given how much information
and misinformation is available to people, and how many daily and
existential decisions about health, privacy, productivity, and entertainment
we make that are rooted in science-based technologies, it has been
imperative that we reimagine what success in science looks like from “how
many facts about space can you tell us?” to “how do we better understand
the trade-offs between using land for increased agricultural production

vs. the impact on climate and environmental health?” Science teaching,
learning, and assessment has been in dialogue with computer science,
tech-focused career and technical education, and STEM career pathways for
decades—what is shifting is not the fact that there is a relationship between
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emerging technologies and the science needed to understand, engage, and
competitively shape them, but the nature and relative urgency of figuring out
how we do so.

It feels impossible to say anything about the future and not talk about tech
generally, and artificial intelligence (AI) specifically. I'll be honest and say
I’'m fairly neutral on the topic of AI—I don’t think AI is either going to doom
science education nor do I think it’s a solution to all of our challenges. What
I do think is that it will have real consequences because we are giving the
tech that power by investing so much time, resources, hope, and suspicion
in it. I say that with no judgment—I really think what’s so interesting about
generative AI (genAl) lies in how accessible it is.

I don’t think A1 is either going to doom science education
nor do I think it’s a solution to all of our challenges.

When it comes to technology in science assessment, there has been a
long-standing interest in leveraging everything from game-based
assessments to immersive virtual and augmented reality spaces for more
meaningfully surfacing student understanding (Brown, 2020; Li et al., 2023).
Right now, two major conversations are influencing how we think about
science assessments:

1. Whether the widespread availability of technology like ChatGPT
changes the nature of what students need to know and be able to
do. For example, if genAI-powered tools can develop research plans
and proposals, analyze data, and present data in many different
ways, is it still important for students to learn those skills and
practices?

2. To what extent will the availability of increasingly effective
tech change what our assessments themselves can look like and
accomplish. For example, the Programme for International
Student Assessment (PISA) is introducing an AI chat bot to
support student performance within future administrations of
the assessment.

Both conversations have the potential to tremendously impact how we
approach assessing student learning in science. At the time I'm writing this,
I don’t think we know yet what exactly those trade-offs or changes will look
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like—there are a lot of ideas out there, and I discuss some of this specifically
later in the book. For now, the conversations around technology dovetail
with both of the prior trends to suggest that while the core tenets of science
assessment likely won’t immediately change, we may indeed see a call for
emphasizing more tech-relevant interpretations of SEPs, CCCs, DCIs, and
sensemaking (Table 1.5).

Table 1.5 * What Changes for Future Focused Science Assessments
Attend to Technology?

Some things stay the same . . . Some things change . . .

» Assessments ask students to » Students may begin to consider AI as
demonstrate and integrate DCIs, a tool used in science disciplines as
SEPs, and CCCs to make sense of part of assessments.

phenomena and problems. .
» More science assessments may

» Phenomena and problems drive provide students with opportunities
assessment activities. to engage directly with technologies,
including with AI and other branches

» Students are expected to develop of computer science

at least some of the sophisticated

understanding and practices » High school pathways may influence
described by the elements of the the nature of the phenomena,
standards. problems, and what aspects of

science are foregrounded.

» Students may have access to
AI-based accommodations, support
tools, and data processing tools.

» Students may be able to synthesize
information across many different
performances for scores/outcomes
measures.

FUTURE-FOCUSED SCIENCE
ASSESSMENT: EVOLUTION

So, what does this all mean for science assessment moving forward?

A great deal of what we have learned about assessing students in science
is of course still relevant and forms the foundation of this next phase in our
evolution. We still want to understand how well students can use their DCIs,
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SEPs, and CCCs to figure out phenomena and problems. We want to do this in
ways that are equitable and support learning moving forward.

What is clearly changing is what we prioritize and value in science
assessments, and how we change our orientations and approaches to match
those. Future-focused science assessments empower students and teachers
with knowledge and practice but also with confidence and an understanding
of themselves as a critical element of the science community. Doing so in
ways that reflect the shifting priorities of the field and coherently support
evolving conversations about learning goals requires that we reimagine what
we hold up as non-negotiable in science assessment, and what might be
something that we foreground in different ways throughout students’ K-12
experiences. The four priorities described in the upcoming chapters describe
how we might accomplish this.

CHAPTER SUMMARY

» Standards based on A Framework for K-12 Science Education (NRC,
2012)—like the Next Generation Science Standards—posed a bold and
ambitious vision for science education. Assessments that are designed
to not only measure learning aligned with that vision but also signal
and incentivize teaching and learning that prepares students for the
future must look different and be responsive to major landscape shifts.

» Our foundation for better science assessments is grounded in
assessments that reflect best practices for teaching and measuring
multidimensional standards: Assessments should focus on surfacing
students’ ability to make sense of phenomena and problems using
their DCIs, SEPs, and CCCs through instruments designed for equity
and purpose.

» At the same time, future-focused assessments have to contend
with three major landscape shifts: a shift toward local and cultural
relevance, cultivating durable skills and competencies through
science (and measuring these competencies in science assessments),
and a fresh take on the interaction between evolving technologies
and science education.

(Continued)

31

Copyrighted Material, www.corwin.com. Not intended for distribution.
For promotional review or evaluation purposes only. Do not distribute, share, or upload to any large language model or data repository.



PART 1 « UNDERSTANDING SCIENCE STANDARDS IN FUTURE-FOCUSED WAYS

(Continued)

REFLECTION QUESTIONS

1. What are the major changes you have made to your science
assessments since beginning to teach new science standards?

2. How have the three major landscape shifts shown up in your
teaching, learning, and assessment practice? What trade-offs are
you currently making in response to them?

3. How do you think about using science, and science assessments, as a
way to empower learners to have agency in their futures?
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