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Main Points Today

There Is a real opportunity for a dramatic change in
the nature of science assessment in the U.S. --
national, state, local, classroom

The change is critical for U.S. science education

Several factors seem to be coming together to herald
and support such a change.

At the heart of the change is a clearer description of
what competence in science means and what it should
look like In the classroom and on high-stakes tests.

PER, NARST and other science education groups
should be leading the way by defining opportunities
and directions for R&D on assessment & learning.



Assessment Should not be the
“Tall that Wags the Educational Dog”
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Source of My Optimism?

A Framework for K-12 Science Education: Practices,
Crosscutting Concepts, and Core Ideas




NRC Framework for Science
Education Standards

o The Conceptual Framework for new science
education standards has proposed a
description of student competence as being
the intersection of knowledge involving:

m sclentific and engineering practices,
m Cross-cutting concepts, and
m core disciplinary ideas, with

m performance expectations representing the
Intersection of core ideas and practices.



BOX ES.1
The Three Dimensions of the Framework

1. Scientific and Engineering Practices

1. Asking questions (for science) and defining problems (for
engineering)

2. Developing and using models

3. Planning and carrying out investigations

4. Analyzing and interpreting data

5. Using mathematics and computational thinking

6. Constructing explanations (for science) and designing
solutions (for engineering)

7. Engaging in argument from evidence

8. Obtaining, evaluating, and communicating information

2. Crosscutting Concepts

Patterns

Cause and effect: Mechanism and explanation
Scale, proportion, and quantity

Systems and system models

Energy and matter: Flows, cycles, and conservation
Structure and function

Stability and change

Nk W

3. Disciplinary Core Ideas

Physical Sciences
PS 1: Matter and its interactions
PS 2: Motion and stability: Forces and interactions
PS 3: Energy
PS 4: Waves and their applications in technologies for information
transfer

Life Sciences
LS 1: From molecules to organisms: Structures and processes
LS 2: Ecosystems: Interactions, energy, and dynamics
LS 3: Heredity: Inheritance and variation of traits
LS 4: Biological evolution: Unity and diversity

Earth and Space Sciences
ESS 1: Earth’s place in the universe
ESS 2: Earth’s systems
ESS 3: Earth and human activity

ngineeri echnology, ar
ETS 1: Engineering design
ETS 2: Links among engineering, technology, science, and society




BOX 5-1
Core and Component Ideas in the Physical Sciences

Core Idea PS1: Matter and Its Interactions
PS1.A: Structure and Properties of Matter
PS1.B: Chemical Reactions
PS1.C: Nuclear Processes

Core Idea PS2: Motion and Stability: Forces and Interactions
PS2.A: Forces and Motion
PS2.B: Types of Interactions
PS2.C: Stability and Instability in Physical Systems

Core Idea PS3: Energy
PS3.A: Definitions of Energy
PS3.B: Conservation of Energy and Energy Transfer
PS3.C: Relationship Between Energy and Forces
PS3.D: Energy in Chemical Processes and Everyday Life

Core Idea PS4: Waves and Their Applications in Technologies for Information Transfer
PS4.A: Wave Properties
PS4 .B: Electromagnetic Radiation
PS4.C: Information Technologies and Instrumentation.



PS1.A: Structure and Properties of Matter

By the End of Grade 2 By the End of Grade 5 By the End of Grade 8 By the End of Grade 12

Tasks Students support claims as | Students provide strategies | Students create atomuc and | Students first develop
to whether something 1sa for collecting evidence as to | molecular models to explain | models that describe a
solid or a laquid by whether matter still exists the differences between the | neutral atom and a negative
providing descriptive when 1t 1s not visible. sohd, hquid, and gaseous or positive 1on. They then
evidence. state of a substance. use these models to

describe the sinulanities and
Note: It 15 mnappropriate at differences between the
this grade level to use a atoms of neighbonng
substance, such as sand. elements in the periodic
that 15 made of visible scale table (side by side or one
particles but flows as the above the other).
test matenial for thus
question. Test examples
should be readily
classifiable.

Criteria Descriptive evidence that a | Design includes ways to The model should show that | The models should show
matenal 1s a sohd would measure weight with and atoms/molecules i a solid | that the atom consists of an
include the object’s definite | without an invisible (1) are close together; (2) inner core called the
shape; for a liquid 1t would | substance (gas or solute) are lhmited in motion but nucleus, which consists of

be that the matenal takes
the shape of the container
or that the matenal flows to
the lowest part of the
contamer.

present. For example,
weighmg the same container
with different amounts of
arr, such as an inflated and
deflated balloon or
basketball; or weighing pure
water and sugar before and
after the sugar 1s dissolved
m the water.

vibrate m place; (3) cannot
move past or around each
other and thus are fixed in
relative position. The model
should also show that
atoms/molecules 1n a hiquad
(1) are about as close
together as 1 a solid, (2) are
always disordered, (3) have
greater freedom to move

protons and neutrons; that
the number of protons in
the nucleus 1s the atomic
number and determines the
element; that the nucleus 1s
much smaller in size than
the atom; that the outer part
of the atom contains
electrons; that i a neutral
atom. the number of




Where do these ideas about
the nature of competence and

! Its development come from?

What does this work imply for
the future and for individuals
such as us?




Two Major Sources of Influence

1. Prior NRC & related Reports on Science

Teaching, Learning & Assessment

= Descriptions of the nature of competence and its
development

2. Efforts by Other Stakeholders to Build
Coherent Systems for Science

Curriculum-Instruction-Assessment

* Detailed specifications of the components of
competence for purposes of designing curriculum,
Instruction and assessment



1. Prior NRC Reports on Science

! Teaching, Learning & Assessment

*Systems for State Science Assessment
*Taking Science to School




' aDesired end product is a
multilevel system

> Each level fullfills a clear set of
functions and has a clear set of
Intended users of the assessment
information

> The assessment tools are designed
to serve the intended purpose

\

. Formative, summative or accountability

SYSTENS FOR STATE SI:IEII[: nssmsmr - Design is optimized for funcion served

~—— aThelevels are articulated
and conceptually coherent

> They share the same underlying
concept of what the targets of
learning are at a given grade level
and what the evidence of
attainment should be.

> They provide information at a “grain
size” and on the “time scale”
appropriate for translation into
action.




What such a system might look like

CAESL ASSESSMENT SYSTEM

An Integrated

System
Coordinated across
levels
Unified by common RS —
learning goals FOR STUDENT

LEARNING QUALITY

Synchronized by
unifying progress
variables

QUALITY ASSESSMENT

TooLs

Multilevel Assessment System



Four Strands

o Understanding scientific explanations
with an emphasis on fundamental concepts
rather than on memorizing unconnected
facts. Students who are proficient in this
strand know, use, and interpret scientific
explanations of the natural world.

o Generating scientific evidence. This may
include making observations, formulating a
research question, developing a hypothesis
(perhaps in the form of a model), using a
range of methods to gather data, analysis
of data and confirmation and/or revision of
the hypothesis.

o Reflecting on science, which includes not

Learning only understanding the nature and

and development of scientific knowledge, but
Teaching also reflecting on one’s own learning and
Salenoe understanding of science.

: o Participating productively in scientific
in Grades practices and discourse. This strand
K-8 flows out of the notion that science takes

place within a community of practice that
shares norms, practices, and a common
language, and that learners should be
introduced to these norms and practices as
they experience and engage with science.
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== A\ Learning Progressions: Descriptions

Bea g Of successively more sophisticated

smsmansaessm. WaYS Of thinking about key disciplinary
—=e.  CONCEPLS and practices across

el multiple grades

m Structured around big ideas and
practices- powerful and generative

m Upper anchor- societal expectations of
what students should know; based on
analysis of discipline

m Lower anchor - what students come in
with

m Describes how learning develops- the
Intermediate steps towards expertise

m Grounded in synthesis of education
research

Learning
and ]
Teaching
Science
in Grades
K-8

FRATIO AL BESEARCH SOl
> 08 sen e 2



Learning Progressions
in Science

An Evidence-based Approach to Reform

Preparad by
Tom Corcoran
Fraderic A. Mosher

Aaron Rogat

Continuous Instructional Improvement
Teschers College-Columbia Univarsity

Potential Value of
Learning Progressions

LPs can guide the design of
Instruction

LPs can guide the
specification of learning
performances - connecting
disciplinary practices and
“big ideas”

Learning performances can
guide the development of
tasks that allow us to
observe and infer students’
level of competence for
major constructs that are
the target of instruction and
assessment



2. Efforts by Other Stakeholders to
Build Coherent Systems for Science

! Curriculum-Instruction-Assessment

* NSF & College Board AP Science
Redesign Project

* College Board Standards for College
Success: Science




Why an AP Science Redesign?

. A 2002 NRC Report identified
ways to improve advanced study
of math and science in the U.S.
The Report’s recommendations
are applicable to all AP course
subjects:

m Emphasize deep understanding rather
than comprehensive coverage -- avoid
“mile wide & inch deep” syndrome

m Reflect current understanding of how
students learn in a discipline

n Reflect current research directions within
the disciplines

m Emphasize the development of inquiry
and reasoning skills

LEARNING o
UNDERSTANDING

|PROVING
ADVANCED STUDY
of Marnemancs
AND SCIENCE

in U.S.

Hec Scuoods



Conceptual Approach of the Redesign
Built Upon a Variety of Work:

Understanding by Design, G. Wiggins & J. McTighe
(1998, 2006).

How People Learn: Brain, Mind, Experience &
School. J. Bransford, A. Brown, & R. Cocking, S.
Donovan, & J. Pellegrino (2000).

Knowing What Students Know: The Science and
Design of Educational Assessment, J. Pellegrino, N.

Chudowsky, & R. Glaser (2001).

Evidence-Centered Assessment Design: Layers,
Structures, and Terminology, R.J. Mislevy & M.M.
Riconscente (2005).




Development & Peer Review by Domain Experts

Most scientists regarded the new streamlined
peer-review process as ‘quite an improvement.’



Three Critical Design Phases

Assessment
Framework

Domain Analysis Domain Model fterative

Hterdtive

* Content * Claims * Task models
o Skills * Evidence * Form
- e AlDs - assembly -

Increasing specificity




Multipart Framework for
the Domain Analysis

5 e .
\ Course Goal /

—=

L2: Enduring Understandings of
Discipline Building from Big Ideas

—
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AP Science Reasoning: Level 1

. Use representations and models to communicate
scientific phenomena and solve scientific problems.

. Use mathematics appropriately.

Engage in scientific guestioning to extend thinking or to
guide investigations within the context of the AP course.

Plan and implement data collection strategies in relation
to a particular scientific question.

Perform data analysis and evaluation of evidence.
. Work with scientific explanations and theories.

. Connect and relate knowledge across various scales,
concepts, and representations in and across domains.



AP Science Reasoning: Level 2

Level 1: work with scientific explanations & theories

Level 2:

1.justify claims with evidence

2.construct explanations of phenomena based on
evidence produced through scientific practices

3. articulate the reasons that scientific explanations
and theories are refined or replaced

4. make claims and predictions about natural
phenomena based on scientific theories & models.

5. evaluate alternative scientific explanations



Content & SClence Reasoning

The student can _re-express key elements of natural phenomena across multiple
representations in the domain.

131
13.2
133
134
135
136
13.7

138

139

1.3.10

1311

Correspondence of elements of one representation with another
representation

Accuracy of description

Correctness of focus on specific essential qualities

Differentiation from similar terms/phenomena

Correspondence between an explanation and a visual representation that is
produced by instruments

Appropriateness of a visual representation used to explain a familiar
phenomenon

Appropriateness of a visual representation used to explain a novel
phenomenon in a familiar domain

Correctness of the scientific language used in a verbal explanation or
narrative, and correspo ndence at the appropriate level of detail of the
features of phenomen a that are presented as visual representations
(schemata, diagrams, graphs) that are precise and contains (identifies)
significant features.

Correctness and precision of visual symbolic r  epresentation that is
representative of language in a word problem (e.g., a vector diagrams of
the forces involved a mechanics problems; a chemical reaction as a change
in molecules, drawn as groups of atoms with their orbits) is included.
Appropriateness of a basic causal explanation expressed as a visual
conceptual model (e.g., the causal explanation of plate tectonics; a causal
explanation of thermal dilation using the atomic  -molecular model)
Correspondence between a qualitative and quantitative solution ~ toa
problem, using symbolic representations, (e.g., light rays propagating
through different media, or different optical lenses)

Science Reasoning



Three Critical Design Phases

Domain Model : Assessment
Framework

Domain Analysis
lterative

* Content * Claims * Task models
o Skills * Evidence * Form
- e AlDs - assembly -

Increasing specificity




Evidence-Centered Design

Exactly what
knowledge do
you want
students to have
and how do you
want them to
know it?

claim space

What will you
accept as
evidence that
a student has
the desired
knowledge?

How will you

analyze and

interpret the
evidence?

evidence

What task(s)
will the
students
perform to
communicate
their
knowledge?

task

Instantiated through the Intersection of Course
Content & Science Reasoning




lllustrative Claims and Evidence
AP Chemistry

EU 2C: The strong electrostatic
forces of attraction holding atoms
together in a unit are called
chemical bonds.

Big Idea 2: Chemical & physical
properties can be explained by
the structure/arrangement of
atoms, ions or molecules & the
forces btw them.

Skill 6.1: The student can justify claims with evidence.

The Claim: The student is able to use evidence to justify claims involving the classification of
covalent bonds in terms of polarity and the relative strength of covalent bonds.

The Evidence: Justification accurately points to difference in values of electronegativity as evidence
supporting classification as polar or nonpolar. (6.1.1) Justification includes link between electronegativity and
distribution of shared electrons within a molecule. (6.1.2) Appropriateness of reasoning that electronegativity
values for the representative elements increase going from left to right across a period and decrease going
down a group. (6.1.2) Relative bond strength claims supported by values of bond energy and/or
electronegativity and/or numbers of shared electrons and/or graphical representations of distance vs. potential
energy. (6.1.1) Relative bond length claims are supported by values of bond length vs. numbers of electrons
shared. (6.1.1) Interpretation of graphical representations of distance vs. potential energy consistent with
Coulomb’s law. (6.1.1) Inclusion and reasonableness of a statement that two or more valence electrons shared
between atoms of unequal electronegativity constitute a polar covalent bond. (6.1.7)

Achievement Level: 3



Three Critical Design Phases

Domain Analysis _ Domain Model oo oM Assessment
dantiis Framework

* Content ¢ Claims ¢ Task models
» Skills » Evidence * Form
- e AlDs - assembly -

[

Increasing specificity




Task Models:
The Basis for Item Design

Provide the explicit link between the claims and
evidence and the items.

Directions

Stimulus Material

Prompt

Response Options (MC)
Student work product (CR)

Support validity of score inferences



Connecting the Domain Model to
Curriculum, Instruction, & Assessment

Assessment Summative
Framework Assessment
Domain Model

supporting evidence
Descriptions of Achievement
levels . »
Curriculum Instructional
Framework Resources




| essons Learned

o NO Pain -- No Gain!!! -- this i1s hard work

o Backwards Design and Evidence
Centered Design are challenging to execute
& sustain

m Require multidisciplinary teams

m Require sustained effort and negotiation

m Require time and money

o Value-added -- Validity Is “designed In” from
the start as opposed to “grafted on”

m Elements of a validity argument are contained in
the process and the products




AP Redesign Implications

For AP science teachers and students:

AP instructors and students will have a well-defined set of learning
objectives that support teaching for deeper understanding.

 The AP Exams will be congruent with these learning objectives.

* AP instructors will have tools and professional development opportunities
that support teaching, learning and success on the AP Exam

» The post-secondary community and professional societies will have a
better understanding of, and confidence in, the value of AP courses.

For science education generally:

- The emphasis on reasoning and inquiry, enforced by the exams, can
influence school science in lower grades and in the universities.

» The development of a high-stakes exam based on evidence-centered
design principles can influence state and national assessment designs.

» The redesigned courses will increase interest and success within a new
population of students who can then contribute to both science education

and the practice of science.



o Standards for middle
school through high
school

o Builds from and toward
the science focl In the
AP course frameworks

o Uses the “Big Ideas”
and “Science Practices”
of the AP frameworks

o Emphasizes the
description of
performance
expectations that
Integrate content and
reasoning




Where Do We Stand?

o Multiple sources of wisdom and hard work
have brought us to the present point of
opportunity: the NRC Framework

o We have a much better sense of what the
development of competence should mean
and the possible implications for designing
coherent science education

o We have examples of thinking through In
detail what it means to juxtapose science
practices and core content knowledge to
guide the design of assessment



What's Left to Do?

o We have a lot of work to do to make sure
that the next generation science standards
live up to expectations

o We need to work together to translate the
standards into effective models, methods
and materials for curriculum, instruction, and
assessment.

o We need to use what we know already to
evaluate and improve the assessments that
are part of current practice, e.g., concept
Inventories, large-scale exams, etc.



Final Reminder:
Assessment Should not be the
“Tall that Wags the Educational Dog”
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