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1. INTRODUCTION

Idaho adopted the Next Generation Science Standards (NGSS) in 2018. The Idaho State
Department of Education (SDE) and its assessment vendor, Cambium Assessment, Inc. (CAI;
formerly the American Institutes for Research [AIR]), developed and administered a new online
assessment to measure the new standards. The Idaho Standards Achievement Test (ISAT) in
Science was field tested in 2020-2021 and administered operationally for the first time in
2021-2022. The ISAT in Science measures Idaho students’ science knowledge and skills in grades
5,8, and 11 as an adaptive online assessment that features several technology-enhanced item types.
The content measures the three-dimensional science standards based on the National Research
Council’s A Framework for K—12 Science Education published in 2012.

Additional details on the implementation of the assessments can be found in Volume 1, Annual
Technical Report.

The interpretation, usage, and validity of test scores rely heavily upon the process of developing
the test itself. This volume provides details on the test development process for the ISAT in Science
that contributes to the validity of the test scores. Specifically, this volume provides evidence to
support the following:

e The item specifications provided detailed guidance for item writers and reviewers to ensure
that science items were aligned to the performance standards they were intended to measure.

e The item development procedures employed for the ISAT in Science were consistent with
industry standards.

e The development and maintenance of the Shared Science Assessment Item Bank, in which
test items cover the range of measured standards, grade-level difficulties, and levels of
cognitive engagement by using both item clusters and stand-alone items.

e The Test Design Summary/Blueprint stipulated the range of operational items from each
item type and content category required for each test administration. The blueprint was
implemented using the item selection algorithm for science.

Note that for the science assessments, as outlined in Volume 1, Annual Technical Report, CAI
works with a group of states that share common item development processes. In addition to
developing items for each of those states, CAI develops and maintains the Independent College
and Career Readiness (ICCR) item bank, which consists of items developed according to the same
principles that are followed for developing the items owned by each of the states or territory. This
volume of the annual technical report focuses on the general test development activities.

For the ISAT in Science, items are drawn from the Shared Science Assessment Item Bank that
consists of ICCR items, items owned by Idaho, and items owned by several other states that share
a Memorandum of Understanding (MOU) to share content, leadership, and new ideas and methods.
Specifically, all items developed under the MOU underwent the same development process. For
the remainder of this volume, the term item bank will refer to all items developed under the MOU
unless stated otherwise.

Test Development 5 Idaho State Department of Education
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1.1 CLAIM STRUCTURE

The goals, uses, and claims that the Shared Science Assessment Item Bank and subsequent tests
were designed to support were identified in a series of collaborative meetings held
over August 22-23, 2016. The overarching goal of these meetings was to support the development
of statewide summative assessments using science content that measures the three-dimensional
science standards based on 4 Framework for K—12 Science Education (National Research Council,
2012).

To this end, CAI invited content and assessment leaders (e.g., Directors of Assessments) from ten
states and four nationally recognized experts, Aneesha Badrinarayan, Rodger Bybee, Peter
McLaren, and Brett Moulding, who helped author the NGSS. Two nationally recognized
psychometricians, Laurie Wise, Ph.D. and Tom Hirsch, PhD., also participated.

CALI staff and participating states collaborated to develop items and test specifications that would
measure the three-dimensional science standards. The item specifications were generally
accompanied by sample item clusters that met those specifications. At the time, some standards
did not have sample item clusters available. All specifications and sample item clusters were
reviewed by state content experts and committees of educators in at least one of the states.

1.2 UNDERLYING PRINCIPLES GUIDING DEVELOPMENT

The Shared Science Assessment Item Bank was established using a highly structured, evidence-
centered design. The process began with detailed item specifications. The specifications, discussed
in Section 2.2, Item Specifications, described the interaction types that could be used, gave
guidelines for targeting the appropriate cognitive engagement, offered suggestions for controlling
item difficulty, and provided sample items.

Items were written with the goal that virtually every item would be accessible to all students, either
by itself or in conjunction with accessibility tools, such as text-to-speech (TTS), translations, or
assistive technologies. This goal is supported by the delivery of the items on CAI’s Test Delivery
System (TDS), which has received Web Content Accessibility Guidelines (WCAG) 2.0 AA
certification, offers a wide array of accessibility tools, and is compatible with most assistive
technologies.

Item development supported the goal of high-quality item clusters and stand-alone items through
rigorous development processes managed and tracked by a content development platform. This
platform ensures that every item flows through the correct sequence of reviews and captures every
comment and change to the item.

CAI sought to ensure that the items measured the performance standards in a fair and meaningful
way by engaging educators, state officials, content experts, and fairness, bias, and sensitivity
experts at each step of the process. Educators evaluated the alignment of the items to the standards
and offered guidance and suggestions for improvement. These educators participated in the review
of items for fairness and sensitivity. Following item field-testing, educators engaged in rubric
validation, a process that refines rule-based rubrics upon review of student responses.

Combined, these principles and the processes that support them have been incorporated into an
item bank that measures the standards with fidelity and does so in a way that minimizes construct-
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irrelevant variance and barriers to access. The details of these processes are described in this
volume of the annual technical report.

1.3 ORGANIZATION OF THIS VOLUME

This volume is organized into the following three sections:

1. An overview of the science item development process that supports the validity of the
claims that science tests are designed to support.

2. Anoverview of the science item bank!, the types of assessments the item bank is designed
to support, and methods for refreshing the item bank.

3. A description of the test construction process for the ISAT in Science, including the
blueprint, the test design, an evaluation of simulated test sessions, the operational blueprint
match results, and the item exposure rates.

2. ITEM DEVELOPMENT PROCESS THAT SUPPORTS VALIDITY OF CLAIMS

2.1 OVERVIEW

Cambium Assessment, Inc. (CAI) developed the Shared Science Assessment Item Bank in
collaboration with the states that were part of the Memorandum of Understanding (MOU) using a
rigorous, structured process that engaged stakeholders at critical junctures. This process was
managed by CAI’s Item Tracking System (ITS), which is an auditable content-development tool
that enforces rigorous workflow and captures each item change and comment. Reviewers,
including internal CAI reviewers or stakeholders in committee meetings, can review items in ITS
as they will appear to the student, with all accessibility features and tools.

A performance expectation is a point in a three-dimensional space formed by three dimensions of
science learning: crosscutting concepts (CCCs), science and engineering practices (SEPs), and
disciplinary core ideas (DCIs). That is, a performance expectation (PE) is characterized by a
specific CCC, SEP, and DCI. When the MOU states first convened, many sessions were spent
discussing how to assess these new three-dimensional standards. These group sessions are where
the idea of an item cluster was conceived. An item cluster consists of a stimulus (scientific
phenomenon) associated with multiple parts. Each of these parts contain questions that allow the
student to explore the phenomenon. Each of the parts assess at least two dimensions, and the entire
item cluster assesses a student on all three dimensions for a specific PE. Figure 1 is a visual
representation of the structure of a three-dimensional cluster.

I'This is often referred to as the Shared Science Assessment Item Bank.
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Figure 1. Structure of Three-Dimensional Item Clusters
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Each part of an item cluster contains questions that require the student to interact with the item
cluster. There are many different interactions that can be included in an item cluster. Section 3.1,
Current Composition of the Shared Science Assessment Item Bank, describes and lists all of the
different interactions available. The interactions used in an item cluster are chosen intentionally to
best assess different aspects of the three-dimensional construct.

Figure 2 provides an example of an item cluster that has a phenomenon, five parts, and eight
interactions; each part of an item cluster assesses multiple dimensions.
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Figure 2. Example of an NGSS Item Cluster

« >
& student rings a doorbell. When the person inside the house is on Part A
the main floor, he can easily hear the doorbell. When he is upstairs,
though, he cannot o easily hear the doarbell, Click on each blank bex and select a phrase to describe what is happening to the energy at each part of the

circuit when the doorbell is turned on.
Figure 1 shows the circuit of a simple doorbell when it is on
(pressed) and off (not pressed).

Energy Pathway
when Doorbell Is on

Figure 1. Simple Doorbell Circuit Battery Energy is stored.  ©
Doorbell On 5
Wires Energy is transferred. £

Speaker || Electrical energy is converted to sound energy. &

Parts

flow of energy switch

speaker Part B
s

J)) Use the simulation to select the materials necessary to conduct fair experiments and create a doorbell that
can be heard from upstairs and costs less than $40. The student can only hear a doorbell from upstairs if it is
loud or very loud.

Doorbell Off . Select the speaker, battery, and switch to determine the overall cost and loudness of the doorbell.
« Then click Run Trial.
+ The cost of wire has already been included in the total cost.,
) « You must complete two trials.

switch '
« You may run up to five trials.
« Click the trash can icon if you want to delete a trial and generate new data.

speaker
s

battery -

Table 1 shows the types of doorbell speakers available and their cost,

in dollars ($). -
Table 1. Types of =
Speakers and °
Cost
Speaker | Cost ($)
Bell 11
Buzzer 17
pe— s Speaker [Barrery (V)|Svizch Loucness |Cosz (3]
Battery 1 (Bell 8.0 Rectangular | Loud 18 1]
Table 2 shows the types of batteries available based on their voltage | SWitch (Rectangular ¥ 2 el [12.0  |Rectangular|veryLoud|s2 | g
(v}, the amount of power each produces, and their cost.
3 [Bell |13 Rectangular | No Sound |16 L]
Table 2. Types of Batteries and Cost 4 [Chimes|s.0 Lighted Quist 39 ']
Battery (V) | Amount of Power|Cost ($) 5 [Ball |30 Lighted Loud 25 ]
12 A lot 27
] Average 3
1.5 & little 1
Table 3 shows the types of switches and their cost, Part C
Table 3. Types of Select all of the trials that meet the criteria for being heard upstairs and cost less than $40.
Switches and Cost
(2 Trial 1
Switches | Cost ($) L]
Rectangular 4 ) Trial 2
Circular s
Lighted 11 [ Trial 3
Your Task [ Trial 4
In the questions that follow, you will design @ main-floor deorbell
that can be heard from upstairs in a house. rial 5
] None
Part D

Click on the blank boxes and select words or phrases to predict what will happen to the loudness of the
doorbell when the battery power increases.

The loudness of the doorbell will | increase 2] because | more energy is stored in the battery. T

PartE

Select two trials that support the relationship between the loudness of the doorbell and the power of the
battery.

[ Trial 1

rial 2

Trial 3

] Trial 4

O] Trial 5

[ Cannot be determined
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This item cluster is aligned to the NGSS PE of 4-PS3-4: Apply scientific ideas to design, test, and
refine a device that converts energy from one form to another. The PE uses the following three
elements of the three-dimensional standards: (1) Constructing Explanations and Designing
Solutions (i.e., SEP), (2) Conservation of Energy and Energy Transfer (i.e., DCI), and (3) Energy
and Matter (i.e., CCC).

Part A requires students to demonstrate their knowledge of how energy is stored, transferred, or
used within the system. In this item cluster, they must know how a battery, wires, and a speaker
work within the circuit. This aligns with the DCI and the CCC.

Part B requires students to design and test designs that use electricity to produce a sound. This
aligns with the DCI (how changes in current influence the production of sound) and the SEP
(designing and testing solutions to a design problem).

Part C requires students to compare their designs with some criteria and constraints. This aligns
with the SEP (designing and testing solutions) and the CCC (energy can be transferred in various
ways and between objects). The answer for Part C is directly determined by how the student
completes Part B. If all of the trials the student runs in Part B meet the given criteria, then all of
those must be selected to be considered as correct in Part C. Therefore, there are multiple different
ways to get this item correct.

Part D requires students to make a prediction from the evidence that they generated in Part B. This
part is aligned to all three dimensions. The student has used their designs and information
(representing SEP) from Part B to show how energy is transferred between objects (representing
CCC) and specifically how increasing the current changes the volume (representing DCI).

Like Part C, Part E is dependent on Part B. Students are determining which trials support the
prediction that they made in Part D. This part, combined with Part D and Part B, addresses all three
dimensions of the PE.

The next big challenge for the MOU states was to properly score these item clusters so that all
evidence of understanding the PEs and three dimensions could be collected. It was determined that
scoring assertions would be the best way to capture and score student responses on item clusters.
Scoring assertions were evidence statements that related specific features from the student
response to skills and knowledge that were tested (of which they provide evidence). The use of
these assertions in scoring created a direct linkage between what the student does and the
inferences about the skills and knowledge that the student’s response supports. This approach
provided a physical embodiment of evidence-centered design, Mislevy and Haertel’s well-
regarded approach to cognitive measurement (Mislevy & Haertel, 2006). This also provided a
structure for ensuring and reviewing alignment during test development and a clear explanation of
what was measured, how it was measured, and why it was measured when tests were scored and
reported.

By inspecting the student response for every meaningful piece of student input, more information
about student skills and knowledge can be harvested than in a single interaction. In fact, evidence
for some scoring assertions may derive from two or more interactions within an item cluster. This
may happen if one interaction is dependent on another interaction, allowing for multiple solution
paths. This is one of the primary reasons that scoring assertions within item clusters can show
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deeper cognitive understanding and higher-order thinking that is required of the three-dimensional
science standards.

Each of the parts in an item cluster likely has one or more scoring assertions where student skills
and knowledge are being collected. The scoring mechanism has the capability to focus on one
interaction, one part, or to focus across multiple interactions and parts as determined by the item
writers, subject-matter expert (SME) reviewers and performance expectations. All permutations
and combinations of measurable actions can be captured with scoring assertions.

The example item cluster from this section has seven assertions. Each scoring assertion is
described in detail in Figure 3.

Test Development 11 Idaho State Department of Education
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Figure 3. Example of NGSS Scoring Assertions

Your response earned 7 points of a possible 7

Score Rationale

When asked to describe what is happening to the energy for the battery
when the doorbell is turned on, the student selected "energy is stored" or
"energy is transferred.” This provides some evidence of an ability to
complete a causal chain explaining how energy can be transferred via
electric current to produce light, sound, heat, and /or motion.

When asked to describe what is happening to the energy of the wires when
the doorbell is turned on, the student selected "energy is transferred." This
provides some evidence of an ability to complete a causal chain explaining
how energy can be transferred via electric current to produce light, sound,
heat, and /or motion.

When asked to describe what is happening to the energy of the speaker
when the doorbell is turned on, the student selected "electrical energy is
converted to sound energy.” This provides some evidence of an ability to
complete a causal chain explaining how energy can be transferred via
electric current to produce light, sound, heat, and /or motion.

The student ran at least two trials and ran at least one trial in which they
selected components of a doorbell that produced "Loud" or "Very Loud"
sound and that included components that cost less than $40. This provides
some evidence of an ability to select characteristics to be manipulated while
gathering information to determine the loudest, cost-effective doorbell.

When asked to select the trial that met the criteria for being heard upstairs
and cost less than $40, the student selected all trials from their simulation
that produced "Loud" or "Very Loud" sound and cost less than $40. This
provides some evidence of an ability to use given information to design and
test a device that converts energy from one form to another.

When asked to predict what will happen to the sound of the doorbell if the
battery power increases, the student selected "The loudness of the doorbell
will increase because more energy is stored in the battery." This provides
some evidence of an ability to use an explanation to predict how the sound
of an object changes, given a change in the conversion of stored energy.

When asked to select the trials that support the relationship between the
loudness of the doorbell and the power of the battery, the student selected
two trials from the simulation in which the loudness was higher for the trial
with a battery with more power. This provides some evidence of an ability
to use evidence to support an inference.

CIC LSS [S]S

Assertion texts like the one shown in Figure 3 are written for every assertion in every item. They
describe the correct response and what evidence should be provided by the student’s response.

In the example item cluster, Part A has three assertions. Each one “provides some evidence of an
ability to complete a causal chain explaining how energy can be transferred via electric current to
produce light, sound, heat, and/or motion.” The student must know something about electrical
energy (DCI) and how it is transferred or used (DCI and CCC) to correctly respond. One assertion
corresponds to each row in the table (i.e., one for Battery, one for Wires, and one for Speaker).
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Part B has two assertions. The first “provides some evidence of an ability to select characteristics
to be manipulated while gathering information to determine the loudest, most cost-effective
doorbell.” The second assertion “provides some evidence of an ability to use given information to
design and test a device that converts energy from one form to another.” The student must use their
knowledge of how electrical energy is used and transferred (DCI) and how to design and test a
design of a device using electricity (SEP) to correctly interact with Part B.

Part C has one assertion, as the student’s selections are not independent of each other. The assertion
“provides some evidence of an ability to use given information to design and test a device that
converts energy from one form to another.” The student must be able use generated evidence to
support a design decision (SEP) about the transfer of energy (CCC). This assertion is pulling
responses from both Parts B and C. This is precisely how item clusters and assertions can assess
multiple dimensions and higher levels of complexity, as students are running their own
experiments and analyzing the outcomes, no matter what those outcomes are.

Part D has one assertion. The assertion “provides some evidence of an ability to use an explanation
to predict how the sounds of an object changes, given a change in the conversion of stored energy.”
This shows how the student must use elements from all three dimensions to respond correctly to
this assertion. The student uses data from their generated designs and makes a prediction using
that data to support their knowledge of energy and energy transformations.

Part E also has one assertion. The assertion “provides some evidence of an ability to use evidence
to support an inference.” In this case, it is an inference about the relationship between the available
battery power and the loudness of the bell. Again, this scoring assertion is pulling information
from three different parts (Parts B, D, and E).

While each part of the item, each interaction within the item, or each assertion may not be
three-dimensional, the item cluster as a whole represents all three dimensions. It also provides an
organized flow of cognition from scaffolding (Part A), through the engineering process (Parts B
and C), to a conclusion and evidentiary support of the conclusion (Parts D and E).

The assertion text explains how a student responded to a given task and what that task shows
evidence of. This allows us to ensure that items allow each student an opportunity to show what
they know and what their knowledge, skills, and abilities show about their understanding of
science and engineering.

Once the item cluster, along with interactions and scoring assertions, came to fruition, CAI and
the group of states were able to begin item and test development in earnest.

The item development process was managed by CAI’s Item Tracking System (ITS), which is an
auditable content-development tool that enforces rigorous workflow and captures each item
change and comment. Reviewers, including internal CAI reviewers or stakeholders in committee
meetings, can review items in ITS as they will appear to the student, with all accessibility features
and tools.

The process begins with the definition of item specifications, and continues with
e selection and training of item writers;

e writing and internal review of items;
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e review by state personnel and stakeholder committees;

field-testing; and

post-field-test reviews.

markup for translation and accessibility features;

Each step has a role in ensuring that the items can support the claims on which they will be based.
Table 1 describes how each step contributes to these goals and describes each step in the process

in more detail.

Table 1. Summary of How Each Step of Development Supports the Validity of Claims

Developmental
Steps

Support Alignment to
the Performance
Standards

Reduce Construct-
Irrelevant Variance
Through Universal
Design

Expand Access
Through Linguistic
and Other Supports

Item specifications

Specifies item
interactions, content
limits, and guidelines for
meeting task demands
and levels of cognitive
engagement requirements
and adjusting difficulty.

Avoids the use of any
item interactions with
accessibility constraints
and provides language
guidelines. Allows for
multiple response
modes to
accommodate different
styles.

Selection and
training of item
writers

Ensures that item writers
have the background to
understand the
performance standards
and item specifications.
Teaches item writers how
to select item interactions
for measurement and
accessibility.

Training in language
accessibility, and bias,
and sensitivity helps
item writers avoid
unnecessary barriers.

Writing and internal
review of items

Checks content alignment
and evaluates and
improves overall quality.

Eliminates editorial
issues and flags and
removes bias and
accessibility issues.

Markup that prepares
items for translation
and accessibility
features

Adds universal
features, such as text-
to-speech (TTS) for
science, that reduce
barriers.

Adds TTS, braille,
American Sign
Language (ASL),
translations, and
glossaries.

Review by state
personnel and
stakeholder
committees

Checks content and
cognitive complexity
alignment; evaluates and
improves overall quality.

Flags sensitivity issues.

Field-testing

Provides statistical checks
on quality and flags
issues.

Flags items that appear
to function differently
for subsequent review
to identify issues.

May reveal usability or
implementation issues
with markup.
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Developmental Support Alignment to Reduce Construct- Expand Access
Steps the Performance Irrelevant Variance Through Linguistic
Standards Through Universal and Other Supports
Design
Post-field-test Provides final, more Provides final, focused
reviews focused checks on review on items flagged
flagged items. Rubric for differential item
validation ensures that functioning (DIF).
scoring reflects standards.

2.2 ITEM SPECIFICATIONS

CALI is working with a group of states and one U.S. territory, psychometricians, and science
experts, including the authors of the NGSS, to develop powerful innovative solutions to the
challenges of measuring three-dimensional science standards based on the National Research
Council’s A Framework for K—12 Science Education published in 2012. Participating states,
included Connecticut, Hawaii, Idaho, Montana, Oregon, Rhode Island, Utah, West Virginia,
and Wyoming were involved in all activities. New Hampshire, North Dakota, South Dakota,
and U.S. Virgin Islands participated in some activities. This collaboration has yielded item
specifications for performance expectations (PEs)?, sample item clusters for some
specifications, and hundreds of science item clusters and stand-alone items in various stages
of development. Under this collaboration, these states and the U.S. Virgin Islands jointly
developed item specifications using the guidelines proposed by WestEd in conjunction with the
Council of Chief State School Officers (CCSSO), state and territory members, and content experts
(CCSSO0, 2015).

Item specifications are documents designed to guide item writers as they craft test questions
and stakeholders as they review those items. These specifications are intended to serve as a
roadmap for writers to facilitate the creation of items that are properly aligned to the three
dimensions comprising each science standard and that together form coherent item clusters
and stand-alone items. Table 2 provides a sample of the item specifications developed by
content experts for a middle school Life Sciences PE. Item specifications in Science include
the following:

e Performance Expectations/Performance Standards. The PE provides the unique
identifier and the text for the PE.

¢ Dimensions. The dimensions identify the CCCs, SEPs, and DCIs that the standard
assesses.

e Clarifications and Content Limits. This section delineates the specific content that
the PE measures and the parameters in which items must be developed to assess the
PE accurately, including the lower and upper complexity limits of items. Specifically,
content limits refine the intent of the PE and provide limits of what may be asked of

Performance expectations under the NGSS framework are similar to performance standards in the Idaho State
Science Standards.
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test takers. For example, content limits may identify the specific formulae that students
are expected to know or not know.

Science Vocabulary. The science vocabulary outlines the relevant technical words
that students are expected to know, and related words that they are explicitly not
expected to know. These categories should not be considered exhaustive, as the
boundaries of relevance are ambiguous, and the list is limited by the imagination of
the writers.

Content/Phenomena. Examples of the types of content/phenomena that support
creating effective items related to the standard in question. In general, these are
guideposts, and item writers seek comparable phenomena, rather than drawing on
those within the documents.

Task Demands. The task demands denote the specific ways students will be expected
to provide evidence of their understanding of the concept or skill. Specifically, the task
demands identify the types of interactions and activities that item writers should employ.
The standards and associated evidence statements are broken down into specific task
demands aligned to each standard. Item writers are required to clearly link each item
to one or more task demand, and the verbs guide the types of interactions writers might
employ to elicit the student response.

Table 2 provides a sample of the item specifications developed by content experts for a

middle school Life Sciences performance standard.

Table 2. Sample Science Item Cluster Specifications for Middle School Life Sciences

Performance Expectation

LS1-MS-1¢

Performa!nce Conduct an investigation to provide evidence that living things are made of cells; either one
Expectation .
cell or many different numbers and types of cells.
Dimensions Planning and Carrying Out | LS1.A: Structure and Scale, Proportion, and
Investigations Function Quantity
e Conduct an investigation | e All living things are made | ¢ Phenomena that can be
to produce data to serve up of cells, which is the observed at one scale
as the basis for evidence smallest unit that can be may not be observable
that meets the goals of said to be alive. An at another scale.
an investigation. organism may consist of

one single cell
(unicellular) or many
different numbers and
types of cells
(multicellular).

Clarifications
and Content
Limits

Clarification Statements
e Emphasis is placed on developing evidence that living things are made of cells,
distinguishing between living and non-living things, and understanding that living
things may be made of one cell or many varying cells.
Content Limits
e Students do not need to know the following:
o The structures or functions of specific organelles or different proteins
o Systems of specialized cells

Test Development
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The mechanisms by which cells are alive

Specifics of DNA and proteins or of cell growth and division
Endosymbiotic theory

Histological procedures

O O O O

Science Multicellular, unicellular, cell, tissue, organ, system, organism hierarchy, bacteria, colony,
Vocabulary yeast, prokaryote, eukaryote, magnify, microscope, DNA, nucleus, cell wall, cell membrane,
Students Are algae, chloroplast(s), chromosome, cork

Expected to

Know

Science Differentiation, mitosis, meiosis, genetics, cellular respiration, energy transfer, RNA,
Vocabulary protozoa, amoeba, histology, protists, archaea, nucleoid, plasmid, diatoms, cyanobacteria
Students Are

Not Expected to
Know

Phenomena

Context/
Phenomena

Some example phenomena for LS1-MS-1 include the following:

Plant leaves and roots have tiny, box-like structures that can be seen under a
microscope.

Small creatures can be seen swimming in samples of pond water viewed through a
microscope.

Different parts of a frog’s body (e.g., muscles, skin, tongue) are observed under a
microscope, and are seen to be composed of cells.

One-celled organisms (e.g., bacteria, protists) perform the eight necessary functions
of life, but nothing smaller has been seen to do this.

Swabs from the human cheek are observed under a microscope. Small cells can

be seen.

This Performance Expectation and Associated Evidence Statements Support the Following Task Demands

Task Demands

1. Identify from a list the materials/tools, including distractors, needed for an investigation to find the smallest

unit of life (cell).

2. Identify the outcome data that should be collected in an investigation of the smallest unit of living things.

3. Evaluate the sufficiency and limitations of data collected to explain that the smallest unit of living things is

the cell.

4. Make and/or record observations about whether the sample contains cells.?

5. Interpret and/or communicate data from the investigation to determine if a specimen is alive.

6. Construct a statement to describe the overall trend suggested by the observed data.

“LS1-MS-1 is the PE code for Middle School Life Sciences 1-1.
’Denotes task demands deemed appropriate for use in stand-alone item development.

The specifications help test developers create item clusters and stand-alone items that will
support a range of difficulty, furthering the goal of measuring the full range of performance
found in the population, but remaining at grade level.
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2.3 SELECTION AND TRAINING OF ITEM WRITERS

All item writers developing science items at CAI have at least a bachelor’s degree, and many bring
teaching experience. All item writers are trained in

e the principles of universal design;
e the appropriate use of item interactions; and
e the science item specifications.

Key materials are shown in Appendix 2-A, Item Writer Training Materials, Appendix 2-B, Item
Specifications Grade 3 through High School, and Appendix 2-C, Style Guide for Science Items.
These include

e (CAI’s language accessibility, bias, and sensitivity (LABS) guidelines;

e a training (presented using Microsoft PowerPoint) for the appropriate use of item
interactions;

e item specification for science for grades 3 through high school; and

e style guide for science items.
2.4 INTERNAL REVIEW

CAT’s test development structure uses highly effective units organized around each content area.
Unit directors oversee team leaders who work with team members to ensure item quality and
adherence to best practices. All team members, including item writers, are content-area experts.
Teams include senior content specialists who review items before client review and provide
training and feedback for all content-area team members.

ICCR and MOU science items undergo a rigorous, multi-level internal review process before they
are sent to external review. Staff members are trained to review items for both content and
accessibility throughout the process. A sample item review checklist that our test developers use
is included in Appendix 2-D, Item Review Checklist. The ICCR and MOU science internal review
cycle includes the following phases:

e Preliminary Review

e Scoring Entry and Review
e Content Review One

e [Edit Review

e Senior Review
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2.4.1 Preliminary Review

Team leads or senior content staff conduct Preliminary Review. Sometimes, Preliminary
Review is conducted in a group setting, led by a senior test developer. During the Preliminary
Review process, team leads or senior content staff analyze items to ensure the following:

The item aligns with the PE, including the listed SEP, DCI, and CCC. The item
matches the item specification for the skills and knowledge being assessed. The item
specification contains clarifying statements, content limits, and task demands, as well
as knowledge, skills, and abilities that the PE is intended to assess.

The item is based on a quality scientific phenomenon (i.e., it assesses something in a
reasonable way, and it is a discrete observation that grounds a scenario, which allows
for the assessment of something worthwhile in a meaningful way). A quality
phenomenon is one that is natural, observable (even with instrumentation), and focused
on a specific event, not a general category of similar events (e.g., the effects of
Hurricane Katrina, not hurricanes in general).

The item aligns appropriately with the task demands. Task demands are statements
about what a student is expected to do with a phenomenon.

The vocabulary used in the item is appropriate for the grade and subject matter. Most
non-technical language is two grade levels below the testing grade to ensure that
language is not a construct-irrelevant issue.

The item considers language accessibility, bias, and sensitivity.
The content is accurate and straightforward.

The graphic and stimulus materials are necessary to answer the question. The
phenomenon is described in the stimulus. Graphics are necessary and contain only the
relevant information.

The item follows the approved style guide.

The stimulus is clear, concise, and succinct (i.e., it contains enough information to
convey what is being asked, it is stated positively, and it does not rely on negatives—
such as no, not, none, or never—unless necessary).

For selected-response item interactions, test developers also check to ensure that the set of
response options are

as succinct and short as possible (e.g., without repeating text);
parallel in structure, grammar, length, and content;
sufficiently distinct from one another;

all plausible (but with only one correct option); and

free of obvious or subtle cuing.
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2.4.2 Scoring Entry and Review

During Scoring Entry, the item writer inputs the machine scoring for review by the team lead or
senior staff before the Content Review One level. This step is separate from Preliminary Review
to allow senior staff to suggest changes to the interaction at Preliminary Review without requiring
the writer to overhaul the scoring they already created, ensuring that the scoring is entered once,
streamlining the process. This step also allows senior staff to ensure that the scoring suggested by
the writer at Preliminary Review is appropriate. At this level, scoring is analyzed to ensure the
following criteria:

e The scoring works as intended (i.e., the student gets a point for ALL correct responses and
no points for ALL incorrect responses).

e The student receives a point for every unique piece of information they reveal about their
understanding through their responses.

e Dependent scoring between and within interactions is captured.

e The way in which the scoring is set up is unambiguous and matches the questions asked
(i.e., if we ask students to round a number to a certain decimal place, we score accordingly).

The senior staff approves the intent of the scoring from the Preliminary Review. At the Scoring
Entry level, the writer inputs the approved scoring, after which senior staff checks the functionality
of the scoring. Once the scoring is determined to be working correctly, the senior staff signs off
on the item and moves it to Content Review One.

Senior staff are recruited based on experience and time in the assessment field. Senior staff are the
reviewers of the intent of scoring because of their experience and knowledge of assessment, the
expectations of the clients, and their understanding of student responses.

2.4.3 Content Review One

Content Review One is conducted by a senior content specialist who was not part of the
Preliminary Review. This reviewer carefully examines each item based on the same criteria
identified for Preliminary Review. They also ensure that the revisions made during the Preliminary
Review did not introduce errors or content inaccuracies. This reviewer approaches the item by
combining their expertise in test development while engaging from the perspective of potential
clients and their expertise in test development.

2.4.4 Edit Review

During Edit Review, editors have four primary tasks:

1. Editors perform basic line editing for correct spelling, punctuation, grammar, and
mathematical and scientific notation, ensuring consistency of style across the items.

2. Editors ensure that all items are accurate in content. Editors compare reading passages
against the original publications to ensure that all information is internally consistent
across stimulus materials and items, including names, facts, or cited lines of text that
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appear in the item. They ensure that the keys and all information in the item are correct.
Keys are the correct answers to interactions. Information refers to the phenomena and
the science content. For items with mathematical tasks, editors perform all calculations
to ensure accuracy.

3. Editors review all material for fairness and language accessibility issues.

4. Editors confirm that items reflect the accepted guidelines for good item construction.
They examine all items for language that is simple, direct, and free of ambiguity with
minimal verbal difficulty. Editors confirm that a problem or task and its stem are
clearly defined and concisely worded with no unnecessary information. For multiple-
choice interactions, editors check that options are parallel in structure and fit logically
and grammatically with the stem. They also ensure that the key answer (i.e., correct
answer) answers the question posed accurately and correctly, is not inappropriately
obvious, and is the only correct answer to an item among the distractors. For
constructed-response interactions, editors review the rubrics for appropriate style and
grammar.

2.4.5 Senior Review

By the time a science item arrives at Senior Review, both content reviewers and editors have
thoroughly vetted it. Senior reviewers (in particular, senior content specialists) look at the item’s
entire review history, ensuring that all the issues identified in that item have been adequately
addressed. Senior reviewers verify the overall content of each item, confirming its accuracy,
alignment to the PE, and consistency with expectations for the highest quality. They check whether
the scoring is working as intended and scoring assertions adequately address the evidence the
student provides with each type of response.

Some examples of questions from the internal Review Checklist are listed below. These are the
questions that reviewers ask of the item to ensure that it is three dimensional and properly aligned
to the PE. A similar checklist is used at earlier stages.

e Is the phenomenon based on a specific real-world scenario and focused enough to get the
student to investigate what the PE intends for them to investigate (i.e., the students'
application of the Practice in the context of the DCI and CCC as intended by the PE is
sufficient to make sense of the phenomena)?

e What information should the student already have before starting the cluster (DCI
knowledge)?

o Cluster Task Statement: Does it align to the focus and intent of the PE?

e Does the interaction require the student to demonstrate the science practice and/or content
that the PE is assessing them on?

e Do the interactions align with the task demands?
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2.5 REVIEW BY STATE PERSONNEL AND STAKEHOLDER COMMITTEES

All science items undergo an exhaustive external review process. Items in the Shared
Science Assessment Item Bank were reviewed by content experts in one or several states
and reviewed and approved by multiple stakeholder committees that evaluated them for both
content and bias and sensitivity.

2.5.1 State Review

After items have been developed for a state participating in the MOU, content experts from
the state that owns the item review any eligible items before committee review. At this stage
in the review process, clients can request edits, such as wording edits, scoring edits, alignment
changes, or task demand updates. A CAI science content expert reviews all client-requested
edits considering the science item specifications, other clients’ requests, and existing items in
the bank to determine whether the requested edits will be made. At this stage, clients have the
option to present these items to the committee (based on the edits made) or withhold them
from committee review.

ICCR items are reviewed by at least three individuals from one or more states in the MOU.
The states or territory provide feedback on the ICCR items, and CAI science leadership
gathers suggestions and makes edits that improve the ICCR item. Not all suggestions are
implemented, as CAI owns these items. Further, most MOU states or territory accept or reject
ICCR and MOU items (as they appear at the time) to be presented to their committees. Some
clients skip this step and allow CAI to review all items with their committees before reviewing
them. These items can be either set for field-testing in a future administration or become a
part of the locked operational pool.

2.5.2 Content Advisory Committee Reviews

During the Content Advisory Committee (CAC) reviews, items are reviewed for content
accuracy, grade-level appropriateness, and alignment to the PE. CAC members are typically
grade-level and subject-matter experts. During this review, educators also ensure that the
scoring assertions clearly identify what is being scored as correct and give credit where they
should (refer to Section 2.7.1, Rubric Validation). Before the CAC review begins, CAI
provides a presentation on the three-dimensional science standards, the item development
process, the CAI systems that will be used in the review, and how to review the items for
content.

Items developed for each state under the MOU are reviewed by the state that owns those items.
ICCR items are reviewed by the CAC of one or more states. In most cases, items are seen by
multiple state committees before their field-test or operational use.

In 2023, the MOU states were all involved in a single CAC process where participants from
multiple states reviewed items. The items were edited and then returned to the owning state
for final approval.
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A summary of 2022-2023 the committee meetings is presented in Table 3, with additional
details about the participants in Appendix 2-E, Content Advisory Committee Participant
Details. Appendix E also contains detailed information about the participants of CAC
meetings of previous years.

Table 3. Summary of the 2022-2023 Content Advisory Committee Meetings

. Number of Number of
State/ ltem Bank Meeting Committee Members Items Reviewed
Connecticut June/ August 20222 26 65
July 2022 21 62
Hawaii June/ August 20222 25 46
July 2022 9 45
July 2022 9 306
ICCR June/ August 20222 12 121
Idaho June/ August 20222 14 12
July 2022 5 244
Montana June/ August 20222 9 13
Oregon July 2022 14 66
Rhode Island October 2022 20 115
Utah September 2022 28 111
West Virginia June/ August 20222 8 13
Wyoming June/ August 20222 9 37

4tems were reviewed in a combined Content Advisory Committee Meeting that included ICCR and MOU state-owned
items. Items reviewed in the combined meetings are displayed by their respective state or bank of ownership.

2.5.3 Language Accessibility, Bias, and Sensitivity Committee Reviews

During bias and sensitivity reviews, stakeholders review items to check for issues that might
unfairly impact students based on the students’ background. For example, some states or
territories include representatives from student populations such as special education, low
vision, and the hearing impaired. Further, diverse members of this committee represent
students of various ethnic and economic backgrounds to ensure that all items are free of bias
and sensitivity concerns. States try to ensure that all demographics are represented when
providing committee members. For example, if a state has a Native American population, they
will try to ensure that the Bias and Sensitivity Committee has Native American representation
on the committee. Before the bias and sensitivity review begins, CAI provides a presentation
on the three-dimensional science standards, the item development process, the CAI systems
that will be used in the review, and how to review the items for fairness.

During 2020-2022, due to the COVID-19 pandemic, CAI reviewed items that contained
references to virus, vaccine, bacteria, disease, infection, and related words and phrases. CAI
content experts reviewed 65 items and rejected one item for sensitivity concerns.

In 2023, the MOU states were all involved in a single review process where participants from
multiple states would review items. The items were edited and then returned to the owning
state for final approval.
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A summary of the 2022-2023 committee meetings is presented in Table 4, with additional
details about the participants in Appendix 2-F, Fairness Committee Participant Details.
Appendix 2-F also contains detailed information about the participants of Fairness Committee
meetings of previous years.

Table 4. Summary of the 2022-2023 Fairness Committee Meetings

State/ Item . Numbgr of Number of Number of
Bank Meeting CI\;I) mmittee Items Reviewed Items Rejected
embers

Connecticut June/ August 20222 3 65 2

August 2022 19 154 27
Hawaii June/ August 20222 6 46 0

July 2022 9 45 0

July 2022 9 306 0
ICCR June/ August 20222 7 121 3
Idaho June/ August 20222 4 12 0
Montana June/ August 20222 4 13 0
Oregon July 2022 9 43 2
Rhode Island October 2022 20 115 22
Utah September 2022 28 111 12
West Virginia | June/ August 20222 3 13 0
Wyoming June/ August 20222 6 37 0

4[tems were reviewed in a combined Fairness Committee Meeting that included ICCR and MOU state-owned items.
Items reviewed in the combined meetings are displayed by their respective state or bank of ownership.

2.5.4 Markup for Translation and Accessibility Features

After all approved state/territory- and committee-recommended edits have been applied, the
items are considered “locked” and ready for a portion of the accessibility tagging. Text-to-
speech (TTS) tagging is applied prior to field testing while Spanish translations and braille
are applied post-field-testing. Accessibility markup is embedded into each item as part of the
item development process rather than as a post-hoc process applied to completed tests.

Accessibility markup, whether for translations or TTS, follows similar processes. One trained
expert enters the markup, and then a second expert reviews the work and recommends changes
if necessary. If there is disagreement, a third expert is engaged to resolve the issue.

Currently, science items are tagged with TTS. Spanish translations, including Spanish TTS
and braille, are available for a subset of items.

2.6 FIELD TESTING
A large pool of science field-test items was administered in the following nine states in spring

2018: Connecticut, Hawaii, New Hampshire, Oregon, Rhode Island, Utah, Vermont, West
Virginia, and Wyoming®. For Hawaii, Oregon, and Wyoming, items were embedded as field-test

3Idaho joined in 2019 after the Idaho SDE adopted the new Idaho State Science Standards in 2018.
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items in the legacy science test. Connecticut and Rhode Island conducted an independent field test
in which all students participated, but no scores were reported. In New Hampshire, Utah, Vermont,
and West Virginia, an operational field test was administered.

In 2019, a second pool of field-test items was administered in the following nine states:
Connecticut, Hawaii, Idaho, New Hampshire, Oregon, Rhode Island, Vermont, West Virginia, and
Wyoming. For Hawaii, Idaho (elementary school), and Wyoming, unscored field-test items were
added as a separate segment to the operational (scored) legacy science test. An independent field
test in which students were administered a full set of items was conducted for a sample of Idaho
middle schools. In Connecticut, New Hampshire, Oregon, Rhode Island, Vermont, and West
Virginia, field-test items were administered as unscored items embedded within the operational
items.

In 2021, a third wave of field-test items was administered in 12 states: Connecticut, Hawaii, Idaho,
Montana, New Hampshire, North Dakota, Rhode Island, South Dakota, Utah, Vermont, West
Virginia, and Wyoming. An independent field test, in which students were administered a full set
of items, was conducted for Idaho and Montana. Unscored field-test items were added as a separate
segment to the operational (scored) legacy science test for Wyoming. In the remaining nine states,
field-test items were administered as unscored items embedded within the operational items.

In 2022, a fourth wave of field-test items was administered in 13 states and one U.S. territory:
Connecticut, Hawaii, Idaho, Montana, New Hampshire, North Dakota, Oregon, Rhode Island,
South Dakota, Utah, Vermont, West Virginia, Wyoming, and U.S. Virgin Islands. In all 13 states
and the territory, field-test items were administered as unscored items embedded within the
operational items.

In 2023, items were field-tested in 12 states and one U.S. territory: Connecticut, Hawaii, Idaho,
Montana, New Hampshire, North Dakota, Oregon, Rhode Island, South Dakota, Utah, West
Virginia, Wyoming, and U.S. Virgin Islands. Field-test items were administered as unscored items
embedded within the operational items. CAID’s field-test process is described in detail in
Section 3.2, Field-Testing, in Volume 1 of this technical report.

2.7 POST-FIELD-TEST REVIEW

Following field testing, items are subject to a substantial validation process. This includes rubric
validation and data review. These processes are described in Section 2.7.1, Rubric Validation, and
Section 2.7.2, Data Review.

2.7.1 Rubric Validation

The validation process for the field-test items begins with rubric validation to verify and make any
necessary revisions to the scoring rubrics. The rubric validation process occurs in two phases.
During the first phase, CAI content experts work with the analysis team to prepare for the rubric
validation meetings. The CAI content experts use the Rubric Evaluation and Verification for Items
Scored Electronically (REVISE) system to generate student responses that are scientifically
sampled to overrepresent responses most likely to have been mis-scored. Specifically, the sample
overrepresents: low-scored responses from otherwise high-scoring students and high scored
responses from otherwise low-scoring students. This process allows CAI to identify any potential
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scoring concerns before the rubric validation meeting, such as unanticipated (but accurate)
responses, equivalent responses that were not originally considered, and responses receiving credit
but should not (based on the content and the item rubric). At this point, the rubrics may be adjusted,
and responses rescored.

The second phase of rubric validation involves committees of educators in each state or territory.
The committees review the response samples generated by CAI to make recommendations to
change or to confirm the rubrics of each item. The committee recommendations are then discussed
with the state or territory of ownership to resolve any inconsistencies. The rubric is then edited or
confirmed based on this resolution.

Figure 4 illustrates the features provided by the REVISE system.
Figure 4. Features of the REVISE Software

] REVISE Rutric Evauation and Verification for Nems Scored Electrorscally

item Number: 17185

Samples

Sample Details / Users can automatically draw samples according to a variety of
Sample Name: R Sanple \xmpl.e designs. 1}6"152!1.15 to the rubric ca;l be checked against
Sampie Detaits e original sample and independent samples.
Sampie Creae Date 5352017 3 1365 Pl —L —L

HighGrdScore Samgit of responses that scorcd unusually high cn Bhis gnd Rem (gven overall score) 15

LowGdScore Sampie of responses that s<ored Unsualy K on T Gid Rem (given averal score) 13

NAMRRESpNSes Sampee of IESPONSES WIth Grid SC0res 1Nt ane nerner kW ner nigh 17

Pried Régen

Response: 18258 Score: 0

Commare The commuttes records its comments
and consensus score here.

s T

Responses in the sample are listed here. >

When traveling 4t & constant spead, the distancs that & plane travels, J, i proportsanal 18 the timme, 7. The table shows the
relationship betwaen the fimse and distance the plane travels
Plane Travel

Time Distance
| (Hours) | (hiler)
2 1,140

| Users can see the actual test item here. >

3 1719
4 2,284

Create an equation that represents the relationship between the time and distance the plane travels.

| Users can see the actual student response here. 2 'l?d

23| df ¢

After the rubric validation meetings, CAI staff apply the approved revisions to the rubrics, and any
items rejected as part of the process are rejected in the ITS. During this process, ITS archives
critical information regarding the scoring certification completed during the rubric validation
process. This includes any rubric changes made during the scoring decision meetings and the sign-
off completed by the senior content expert once the rubric has been changed, rescoring the entire
sample, and verifying that the final rubric functioned as intended.

Following rubric validation, all items are subject to statistical checks, and flagged items are
presented in data review committees.
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2.7.2 Data Review

Following rubric validation, all items are rescored and classical item statistics are computed for
the scoring assertions, including item difficulty and item discrimination statistics, testing time, and
differential item functioning (DIF) statistics. The states and U.S. territory established standards for
the statistics, and any items violating these standards are flagged for a second educator review.
Even though the scoring assertions are the basic units of analysis to compute classical item
statistics, the business rules to flag items for additional educator review are established at the item
level because assertions cannot be reviewed in isolation. A common set of business rules is defined
for all the states participating in the field test. The classical item statistics are computed on the data
of the students testing in the state that owned the item. For ICCR items administered in spring
2023, the data from students testing in Connecticut, Idaho, New Hampshire, North Dakota, Oregon,
Rhode Island, South Dakota, Utah, and West Virginia were combined (states that administered
ICCR items and used either an independent field test or operational test).

Section 4 of Volume 1, Field-Test Classical Analysis, describes the statistical flags that designate
items for data review. The flags are designed to highlight potential content weaknesses, miskeys,
or possible bias issues. Committee members are taught to interpret these flags and are given
guidelines for examining the items for content or fairness issues.

For each of the states and participating in the MOU, flagged items owned by the state are reviewed
by a data review committee. The composition of the data review committees generally includes
content experts from the state’s department of education or state educators (in this case, the state
educators are science teachers) and are supported by CAI content experts. ICCR field-test items
were taken to committee members from several states participating in the MOU. The outcomes are
decided by CAI science content leadership while taking the committees’ recommendations into
consideration.

At the start of each state-owned item data review meeting, CAl staff leads participants in a training
session to familiarize them with the item development process, the purpose of the data review
committee and the data review process, and the meaning of the various flags. Committee members
are taught to interpret the various flags and are given guidelines for examining the items for content
or fairness issues. The training includes a group review of item cards, which detail specific item
attributes (e.g., grade level and alignment to the science standard, the content and rubric of the
item, and various item statistics). A sample of the training materials used for these data review
meetings is presented in Appendix 2-G, Sample Data Review Training Materials. Participants use
an online environment via laptop computers to review the items and interact with them in a manner
similar to that of students, and to view the statistics associated with each item.

The items are then reviewed by the participants who are most familiar with the particular grade-
band level and the items’ content domain. CAI content specialists, who are also well versed in
item statistics, facilitate the discussion in each room with CAI psychometricians available to
answer questions as they arise. At the end of each meeting day, CAI content specialists meet with
the state content specialists to review the committee recommendations and decide whether to
accept or reject the item for inclusion in the operational pool. Items that were rejected become
eligible for potential changes and may become additional field-test items in future administrations.
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Table 5 summarizes the data review committee meetings. Details, including the composition of
each committee, are presented in Appendix 2-H, Data Review Committee Participant Details.

Table 5. Summary of Data Review Committee Meetings

State/ Item _ Numbe_:r of Number of | Number of
Bank Meeting Committee Item Type Itgms It_ems
Members Reviewed Rejected

Connecticut August 2018 29 Cluster 7 5
Stand-Alone 11 6

August 2019 29 Cluster 14 6

Stand-Alone 39 11

August 2021 19 Cluster 8 2
Stand-Alone 43 10

August 2022 15 Cluster 5 4

Stand-Alone 14 2

September 2023 12 Cluster 11 4
Stand-Alone 32 17

Hawaii August 2018 18 Cluster 7 1
Stand-Alone 25 2

August 2019 18 Cluster 17 5

Stand-Alone 20 8

August 20212 25 Cluster 6 0

Stand-Alone 20 8

August 20222 12 Cluster 11 2

Stand-Alone 38 6

August 20232 15 Cluster 3 2

Stand-Alone 23 3

ICCR July 2018 18 Cluster 33 2
Stand-Alone 51 6

August 2019° - Cluster 0 1

Stand-Alone 43 2

August 20212 25 Cluster 11 2

Stand-Alone 64 4

August 20222 20 Cluster 12 1
Stand-Alone 56 13

August 20232 19 Cluster 12 1

Stand-Alone 42 8

Idaho August 2019 10 Cluster 4 3
Stand-Alone 8 3

August 20212 25 Cluster 26 1

Stand-Alone 34 4

August 20222 8 Cluster 3 0

Stand-Alone 1 0

August 20232 17 Cluster 2 0

Stand-Alone 3 0

Montana September 2021 4 Cluster 3 2
Stand-Alone 14 2

September 2022 5 Cluster 5 2

Stand-Alone 12 1

August 20232 11 Cluster 2 1
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Number of Number of | Number of
Staé(;lnllt(em Meeting Committee Item Type Items Items
Members Reviewed Rejected
Stand-Alone 10 2
Multi-State August 2018 - Cluster 2 0
Science Stand-Alone 7 6
Assessment | August 2019 - Cluster 2 1
(Rhode Island Stand-Alone 12 3
and Vermont) | August 2021 — Cluster 4 4
Stand-Alone 14 5
September 2022 - Cluster 1 1
Stand-Alone 10 6
Oregon September 2018 11 Cluster 28 5
Stand-Alone 16 1
August 2019 4 Cluster 1 1
Stand-Alone 7 6
August 20222 8 Cluster 11 2
Stand-Alone 20 6
Legacy Stand-Alone 9 4
August 20232 16 Cluster 9 1
Stand-Alone 3 1
Legacy Stand-Alone 24 11
Rhode Island | September 2023 - Cluster 7 2
Stand-Alone 10 4
South Dakota | September 2021 - Legacy Stand-Alone 15 0
September 2022 — Legacy Stand-Alone 4 1
September 2023 — Legacy Stand-Alone 6 2
Utah August 2018 16 Cluster 40 6
September 2021 6 Cluster 11 3
September 2022 13 Cluster 11 6
September 2023 20 Cluster 6 0
West Virginia | July 2018 4 Cluster 3 1
Stand-Alone 0 0
September 2019 4 Cluster 1 1
Stand-Alone 6 5
August 20212 25 Cluster 1 1
Stand-Alone 6 2
August 20222 9 Cluster 4 2
Stand-Alone 6 2
August 20232 11 Cluster 2 1
Stand-Alone 10 2
Wyoming October 2018 12 Cluster 6 1
Stand-Alone 10 5
August 2019 10 Cluster 4 3
Stand-Alone 12 2
August 20212 25 Cluster 3 1
Stand-Alone 13 3
August 20222 12 Cluster 2 0
Stand-Alone 17 3
August 20232 17 Cluster 3 0
Stand-Alone 5 1
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Note. MSSA, Rhode Island, and South Dakota-owned items were reviewed by Rhode Island Department of Education
and Vermont Agency of Education science content experts, the Rhode Island Department of Education, and the South
Dakota Department of Education, respectively.

2Combined Item Data Review Meetings were conducted for multiple states in 2021, 2022, and 2023 (184 items were
reviewed in the combined meeting format for Hawaii, I[daho, West Virginia, Wyoming, and ICCR items in 2021; 181
items were reviewed in the combined meeting format for Hawaii, Idaho, Oregon, West Virginia, Wyoming, and ICCR
items in 2022, and 129 items were reviewed in the combined meeting format for Hawaii, Idaho, Montana, Oregon,
West Virginia, Wyoming, and ICCR items in 2023). In 2021, 25 committee members took part in the combined Item
Data Review Meetings; in 2022, 38 committee members participated in the combined Item Data Review Meetings,
and in 2023, 41 committee members participated in the combined Item Data Review Meetings. Items reviewed in the
combined meetings are displayed by their respective state or bank of ownership.

*During the summer 2019, ICCR field-test items underwent committee review in Connecticut, Hawaii, and Idaho.

3. SHARED SCIENCE ASSESSMENT ITEM BANK SUMMARY

Tests based on 4 Framework for K—12 Science Education (National Research Council, 2012)
adopt a three-dimensional conceptualization of science understanding, including crosscutting
concepts (CCCs), science and engineering practices (SEPs), and disciplinary core ideas (DClIs).
Accordingly, the new science assessments are composed mostly of item clusters representing
a series of interrelated student interactions directed towards describing, explaining, and
predicting scientific phenomena. Some stand-alone items are added to increase the coverage
of the test without increasing the testing time or testing burden.

CALI has built the Shared Science Assessment Item Bank in partnership with multiple states
and one U.S. territory. The science item bank is robust and has been constructed to support
multiple statewide science assessments. As described earlier, science items are written to the
three-dimensional science standards. The Shared Science Assessment Item Bank comprises
ICCR items and items developed for specific states, which are all shared with MOU partner
states. These items follow the same specifications, test development processes, and review
processes.

In 2018, CAI field-tested more than 540 item clusters and stand-alone items, of which 451
(including items from all sources) were accepted and made available as operational items in
2019. In 2019, 347 item clusters and stand-alone items were field-tested, of which 268 were
accepted and made available as operational items in 2020. In 2021, CAI field-tested 545 item
clusters and stand-alone items, of which 458 have passed rubric validation and item data
review. In 2022, CAI field tested 471 item clusters and stand-alone items, of which 403 have
passed rubric validation and item data review. In 2023, CAI field-tested 348 item clusters and
stand-alone items, of which 288 have passed rubric validation and item data review.

Each partnered user of the Shared Science Assessment Item Bank selects items that are
appropriately aligned and have passed required reviews (as described in Section 2, Item
Development Process That Supports Validity of Claims) for use on its statewide assessment. The
Shared Science Assessment Item Bank continues to grow as participating states and territory
continue to field-test new items. These participating partners collectively share the items and
agree to field-test new items each year.
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3.1 CURRENT COMPOSITION OF THE SHARED SCIENCE ASSESSMENT
ITEM BANK

The Shared Science Assessment Item Bank contains item clusters and stand-alone items. Item
clusters represent a series of interrelated student interactions directed toward describing,
explaining, and predicting scientific phenomena. Item clusters can consist of several item parts
requiring the student to interact with the item in various ways. In addition, shorter items (stand-
alone items) are included to increase the coverage of the assessments without also increasing
testing time or testing burden.

Within each item (item cluster and stand-alone item), a series of explicit assertions is made about
the knowledge and skills that a student has demonstrated based on specific features of the student’s
responses across multiple interactions. For example, a student may correctly graph data points
indicating that they can construct a graph showing the relationship between two variables, but they
may make an incorrect inference about the relationship between the two variables, therefore not
supporting the assertion that the student can interpret relationships expressed graphically. Table 6
lists and describes the science interaction types. Examples of various interaction types can be found
in Appendix 2-1, Example Item Interactions.

Table 6. Science Interaction Types and Descriptions

Interaction Type gﬁi‘_’.?;a;:g Description
Multiple-Choice Traditional multiple-choice interaction allows students to select
a single option from a list of possible answer options.

Choice Multi-Select Traditional multi-select interaction (checkboxes) allows
students to select one or more options from a list of possible
answer choices.

Simple Text Entry Students type a response in a text box.
Embedded Text Students type their response in one or more text boxes that

Text Entry Entry are embedded in a section of read-only text.

Natural Language Students are directed to provide a short, written response.

Extended-Response |Students are directed to provide a longer, written response in
the form of an essay.

Table Match Interaction allows students to check a box to indicate if the
information from a column header matches information from a

Table row header.

Table Input Interaction solicits students to complete tabular data.

Edit Task Students click a word and replace it with another word that
they type to revise a sentence.

Edi Edit Task with Students click a word or phrase and select the replacement

it Task . .
Choice from several options.
Edit Task Inline Drop-down menus are placed throughout the text, and
Choice students select an option to complete the text.
Selectable Selectable hot-text interactions require students to select one

Hot-Text or more text elements in the response area.

Re-orderable Re-orderable hot-text interactions require students to click and
drag hot-text elements into a different order.
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Interaction Type

Associated
Sub-Types

Description

Drag-from-Palette

Drag-from-Palette hot-text interactions require students to drag
elements from a palette into the available blank table cells or
“gaps’” (text boxes) in the response area.

Custom

Custom hot-text interactions combine the functionality of

the other hot-text interaction sub-types. Students responding
to a custom hot-text interaction may need to select text
elements, rearrange text elements, and/or drag text elements
from a palette to blank table cells or drop targets in the
response area.

Equation

N/A

Equation interactions require students to enter a response into
input boxes. These boxes may stand alone, or they may be in
line with text or embedded in a table. The equation interaction
may have an on-screen keypad which may consist of special
mathematic characters. Students may also enter their
response via a physical keyboard.

Grid

Grid

Grid interactions require students to enter a response by
interacting with a grid area in the answer space. The student
may be required to draw a line or shape, plot a point, or create
a graph. The student may also drag and drop or click on
selectable hot-spots.

Hot-Spot

Hot-spot interaction sub-types facilitate grid interactions with
specific hot-spot functionality. These interactions require
students to select hot-spot regions in the grid area.

Graphic Gap Match

Graphic gap match interactions facilitate grid interactions with
specific drag-and-drop functionality. These interactions require
students to drag image objects from a palette to specified
regions (gaps) in the grid area.

Simulation

N/A

Simulation interactions allow students to investigate a
phenomenon by selecting variables to get output data. Some
simulations are accompanied by animations.

Table 7-Table 11 present the number of items in the Shared Science Assessment Item Bank
available for use in the spring 2023 statewide assessments. Appendix 2-J, Shared Science
Assessment Item Bank, provides the items available within the bank by grade band, performance
standards and origin.

Table 7. Spring 2023 Shared Science Assessment Operational and Field-Test

ltem Bank
Grade Band and ICCR Items Idaho Items MOU Items’ Total Bank
Item Type Items
Elementary School 174 46 457 677
Cluster 66 23 258 347
Stand-Alone 108 23 199 330
Middle School 188 47 457 692
Cluster 74 23 239 336
Stand-Alone 114 24 218 356
High School 154 42 295 491
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Grade Band and ICCR ltems Idaho ltems MOU ltems’ Total Bank
Item Type Items
Cluster 56 24 127 207
Stand-Alone 98 18 168 284
Total 516 135 1209 1860

"Other MOU states include Connecticut, Hawaii, Montana, Rhode Island, Oregon, Utah, West Virginia, and

Wyoming.
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Table 8. Spring 2023 Shared Science Assessment Operational Item Bank

Grade Band and ICC_R Idah.o MO_U Total B.ank
ltem Type Operational Operational Operatlo*nal Operational
Items Items Items Items
Elementary School 139 41 371 551
Cluster 49 20 218 287
Stand-Alone 90 21 153 264
Middle School 147 43 366 556
Cluster 53 20 204 277
Stand-Alone 94 23 162 279
High School 131 39 235 405
Cluster 50 22 95 167
Stand-Alone 81 17 140 238
Total 417 123 972 1512

"Other MOU operational item states include Connecticut, Hawaii, Rhode Island, Oregon, Utah, West Virginia, and

Wyoming.

Table 9. Spring 2023 Shared Science Assessment Field-Test Item Bank

Grade Band and

ICCR Field-Test

Idaho Field-Test

MOU Field-Test

Total Bank

Item Type Items Items Items’ Field-Test Items
Elementary School 35 5 86 126
Cluster 17 3 40 60
Stand-Alone 18 2 46 66
Middle School 41 4 91 136
Cluster 21 3 35 59
Stand-Alone 20 1 56 77
High School 23 3 60 86
Cluster 6 2 32 40
Stand-Alone 17 1 28 46
Total 99 12 237 348
*Other MOU field-test item states include Connecticut, Hawaii, Montana, Rhode Island, Utah, West Virginia, and
Wyoming.
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Table 10. Spring 2023 Shared Science Assessment Operational and Field-Test

Item Bank by Science Discipline

. Total
Grade Band DS_cu_enc_:e Item Type ICCR Idaho Items MOUa Bank
iscipline Items Items ltems?
Earth and Space | Cluster 23 7 84 114
Sciences Stand-Alone 31 8 60 99
Elementary Life Sciences Cluster 21 6 75 102
School Stand-Alone 37 7 58 102
Physical Cluster 22 10 99 131
Sciences Stand-Alone 40 8 81 129
Earth and Space | Cluster 22 6 60 88
Sciences Stand-Alone 30 7 67 104
Middle Life Sciences Cluster 29 6 97 132
School Stand-Alone 50 8 79 137
Physical Cluster 23 9 77 109
Sciences Stand-Alone 34 8 72 114
Earth and Space | Cluster 15 4 29 48
Sciences Stand-Alone 24 4 43 71
High Life Sciences Cluster 22 6 64 92
School Stand-Alone 44 4 73 121
Physical Cluster 19 13 34 66
Sciences Stand-Alone 30 10 52 92
Total 516 131 1204 1851

“Other MOU states include Connecticut, Hawaii, Montana, Rhode Island, Oregon, Utah, West Virginia, and Wyoming.

bCount excludes nine MOU items that do not align to the NGSS.
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Table 11. Spring 2023 Shared Science Assessment Operational and Field-Test Item Bank by Disciplinary Core Idea

Grade Band Science Discipline D(|:SC|pI|nary ICCR Items Idaho Items MOU Items? Total Ba:)nk
ore Idea Items
ESS1 11 3 41 55
Earth and Space ESS2 19 8 66 93
Sciences
ESS3 24 4 37 65
LS1 22 3 51 76
Elementary Life Sciences LS2 6 3 27 36
LS3 7 2 20 29
School
LS4 23 5 35 63
PS1 14 6 41 61
. . PS2 22 4 39 65
Physical Sciences PS3 19 6 62 87
PS4 7 2 38 47
ESS1 14 5 35 54
Ea”gc"’i‘ggcigace ESS2 22 3 44 69
ESS3 16 5 48 69
LS1 27 5 62 94
Life Sciences LS2 26 2 48 76
Middle School LS3 6 2 17 25
LS4 20 5 49 74
PS1 18 4 47 69
. . PS2 8 6 45 59
Physical Sciences PS3 20 2 34 58
PS4 11 3 23 37
ESS1 14 3 19 36
Farth and Space ESS2 12 3 30 45
ESS3 13 2 23 38
LS1 19 2 42 63
High School
’ Life Sciences LS2 21 2 44 67
LS3 8 2 18 28
LS4 18 4 33 55
Physical Sciences PS1 19 7 30 56
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. TRT Disciplinary a Total Bank
Grade Band Science Discipline Core Idea ICCR Items Idaho Items MOU Items ltems?
PS2 10 6 20 36
PS3 11 5 23 39
PS4 9 5 13 27
Total 516 131 1204 1851

“Other MOU states include Connecticut, Hawaii, Montana, Rhode Island, Oregon, Utah, West Virginia, and Wyoming. *Count excludes nine MOU items that do

not align to the NGSS.
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3.2 STRATEGY FOR ITEM BANK EVALUATION AND REPLENISHMENT

Both CAI and the participating MOU states continue to develop items to replenish and grow the
Shared Science Assessment Item Bank. The general strategy for targeting item development
gathers information from the following three sources:

1. Characteristics of released items to be replaced
2. Characteristics of items that are overused
3. Tabulations of content coverage and ranges of difficulty to identify gaps in the bank

Before a test goes live, simulations are used to fine-tune the parameters of the algorithm that
govern the item selection in an adaptive test design. Among the many reports from the simulator
are items that are seen by more than 20% of students. The characteristics of these items are the
primary targets for development. Overused items become candidates for release in two years once
replacements have been introduced into the operational bank.

4. TEST CONSTRUCTION FOR THE IDAHO STANDARDS ACHIEVEMENT TEST IN
SCIENCE

4.1 TEST DESIGN

The ISAT in Science was administered online to students in grades 5, 8, and 11 using an adaptive
testing design in spring 2023. In an adaptive test, operational items are selected on the fly based
on the performance of a student on past items while ensuring the test blueprint is followed for each
individual student. An advantage of adaptive testing is that it can provide more precise scores for
students with lower and higher proficiencies, in contrast to fixed forms and linear-on-the fly tests
(LOFTs) that are typically targeted to provide the best precision for students with medium
proficiencies. Also, as opposed to a fixed form and a LOFT, every student has the potential to see
a different set of items that adapt to the student’s ability, thus offering a better testing experience.

Items are selected by an item-selection algorithm based on the content and information value. At
any given point during the test, the content value of an item is determined by its contribution to
meeting the blueprint, given the content characteristics of the items that have already been
administered. During the test, the content value increases for items that exhibit features that have
not met their designated minimum as the end of the test approaches. Conversely, the content value
decreases for items with content features that met the minimum. The information value of an item
is based on the item information function evaluated at the estimated proficiency. The proficiency
estimate is updated throughout the test.

The adaptive item-selection algorithm is the same algorithm CAI uses to deliver English language
arts (ELA) and mathematics tests, but with some modifications to make it suitable for using item
clusters. Specifically, the proficiencies that are estimated during the test are computed under an
item response theory (IRT) model that incorporates cluster effects. In order to avoid over-selection
of items with many scoring assertions, the information of an item at an estimated proficiency level
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is normalized by the number of assertions in the item (similar to how information is computed for
item sets in ELA and mathematics assessments).

A non-segmented test design was used for the ISAT in Science, meaning students received items
from different disciplines in a random order. Compared to the use of a segmented design where
items are administered by science discipline, the use of a non-segmented test design provides more
freedom when selecting items targeting a current best estimate of proficiency in an adaptive test.
Embedded field-test items were randomly positioned in the test and randomly distributed across
students. Every student received either one item cluster or four stand-alone items as field-test items
throughout the test.

4.2 TEST BLUEPRINTS

Test blueprints provide the following guidelines:
e Test length

e Science disciplines to be covered and the acceptable number of items across performance
standards within each science discipline and Disciplinary Core Idea (DCI)

The blueprint for science is presented in Table 12 —Table 14.
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Table 12. Science Test Blueprint, Grade 5

Grade 5

Min Item
Clusters

Max Item
Clusters

Min
Stand-Alone
Items

Max
Stand-Alone
Items

Min Iltem
Clusters +
Min
Stand-Alone
Items

Max Item
Clusters +
Max
Stand-Alone
Items

Discipline- Physical Sciences, Standard Total = 17

DCI- Motion and Stability: Forces and Interactions

PS1-3-1: Forces and Motion & Types of Interactions

PS1-3-2: Forces and Motion

PS1-3-3: Types of Interactions

PS1-3-4: Types of Interactions”

PS2-5-1: Types of Interactions

DCI- Energy

PS1-4-1: Definitions of Energy

A lm A A A A= N

SN A IND

S W R Aa A~ W O

PS1-4-2: Definitions of Energy & Conservation of
Energy and Energy Transfer

O OO0 |ojloo|co|e (N

—_

[« T I e R I = I e 20 i e 2 v 2 I v 2 o J I == D P -~ %

—_—

O OO0 |C|O0|O®

—_

PS1-4-3: Definitions of Energy & Conservation of
Energy and Energy Transfer & Relationship Between
Energy and Forces

PS1-4-4: Conservation of Energy and Energy
Transfer & Energy in Chemical Processes and
Everyday Life & Defining Engineering Problems”

PS3-5-1: Energy in Chemical Processes and
Everyday Life & Organization for Matter and Energy
Flow in Organisms

DCI- Waves

PS2-4-1. Wave Properties

PS2-4-2; Electromagnetic Radiation

PS2-4-3: Information Technologies and
Instrumentation & Optimizing the Design Solution”

DCI- Matter and Its Interactions

o O |O|lO|©

| ©O OO0 |

o O |O|lO|©
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Grade 5

Min Item
Clusters

Max Item
Clusters

Min
Stand-Alone
Items

Max
Stand-Alone
Items

Min Item
Clusters +
Min
Stand-Alone
Items

Max Item
Clusters +
Max
Stand-Alone
Items

PS1-5-1: Structure and Properties of Matter

1

PS1-5-2: Structure and Properties of Matter &
Chemical Reactions

1

PS1-5-3: Structure and Properties of Matter

PS1-5-4: Chemical Reactions

Discipline- Life Sciences, Standard Total = 11

DCI- From Molecules to Organisms: Structure and
Function

(R I ) PR N

w o=~

LS1-4-1: Structure and Function

-_—

—_

LS1-4-2: Information Processing

LS1-5-1: Organization for Matter and Energy Flow in
Organisms

O Ol © IN O O| © |O

O OOl © | A|O|O| ©O (O

O OO0l © | OO O| © |O

DCI- Ecosystems: Interactions, Energy, and
Dynamics

o

o

LS1-3-1: Social Interactions and Group Behavior

LS2-4-1: Interdependent Relationships in
Ecosystems & Cycles of Matter and Energy Transfer
in Ecosystems

DCI- Heredity: Inheritance and Variation of Traits

LS2-3-1: Inheritance of Traits & Variation of Traits

LS2-3-2: Inheritance of Traits & Variation of Traits

DCI- Biological Adaptation: Unity and Diversity

LS2-5-1: Evidence of Common Ancestry and
Diversity

O Oo|lOo|O|©

O | ©o|lO|O|©

O Oo|lO|OC|©

LS2-5-2: Natural Selection & Biodiversity and
Humans

o

o

LS2-5-3: Adaptation
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Grade 5

Min Item
Clusters

Max Item
Clusters

Min
Stand-Alone
Items

Max
Stand-Alone
Items

Min Item
Clusters +
Min
Stand-Alone
Items

Max Item
Clusters +
Max
Stand-Alone
Items

LS2-5-4: Ecosystem Dynamics, Functioning, and
Resilience & Biodiversity and Humans’

o

o

o

Discipline- Earth and Space Sciences, Standard
Total =13

DCI- Earth's Systems

ESS1-3-1: Weather and Climate

ESS1-3-2: Weather and Climate

= =2 (N

=W O

ESS2-4-1: Earth Materials and Systems &
Biogecology

O o|o|l©e| N

o Ol &

O oOo|oojo| &

ESS2-4-2: Plate Tectonics and Large-Scale System
Interactions

ESS2-5-1: Earth Materials and Systems

ESS2-5-2: The Roles of Water in Earth’s Surface
Processes

DCI- Earth and Human Activity

ESS2-3-1: Natural Hazards”

ESS3-4-2: Natural Hazards & Designing Solutions to
Engineering Problems’

ESS3-4-1: Natural Resources

ESS3-5-1: Human Impacts on Earth Systems

DCI- Earth's Place In the Universe

ESS1-4-1: The History of Planet Earth

ESS1-5-1: The Universe and its Stars

ESS1-5-2: Earth and the Solar System

oO|lOoO|lOoOl0ojO|O| O | OO0 O O| ©O
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Standard Total = 41
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*These standards have an engineering component.
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Table 13. Science Test Blueprint, Grade 8

Grade 8

Min Item
Clusters

Max Item
Clusters

Min
Stand-Alone
Items

Max
Stand-Alone
Items

Min Iltem
Clusters +
Min
Stand-Alone
Items

Max Item
Clusters +
Max
Stand-Alone
Items

Discipline—Physical Sciences, Standard Total = 19

DCl—Matter and Its Interactions

PS1-MS-1: Structure and Properties of Matter &
Chemical Reactions

PS1-MS-2: Structure and Properties of Matter

PS1-MS-3: Structure and Properties of Matter &
Chemical Reactions

O O © [N

o (Ol O |©o|bd

o O ©O oo

PS1-MS-4: Structure and Properties of Matter &
Definitions of Energy

PS1-MS-5: Chemical Reactions

PS1-MS-6: Chemical Reactions & Definitions of
Energy & Developing Possible Solutions”

DCI—Motion and Stability: Forces and Interactions

PS2-MS-1: Forces and Motion”

PS2-MS-2: Forces and Motion

PS2-MS-3: Types of Interactions

PS2-MS-4: Types of Interactions

PS2-MS-5: Types of Interactions

DCI—Energy

PS3-MS-1: Definitions of Energy

R R W SIS W I Y (S U B G R W .

AN AN

W R (A2~ W

PS3-MS-2: Definitions of Energy & Relationship
Between Energy and Forces

O OO/ Oo|lo|lo|o|lee| O |[©O| ©O
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PS3-MS-3: Definitions of Energy & Conservation of
Energy and Energy Transfer & Defining and
Delimiting an Engineering Problem & Developing
Possible Solutions”
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Min Item Max Item
Min Item Max Item Min Max Clust_ers + Clusters +
Grade 8 Clusters Clusters Stand-Alone | Stand-Alone Min Max
Items Items Stand-Alone | Stand-Alone
Items Items

PS3-MS-4: Definitions of Energy & Conservation of
Energy and Energy Transfer

PS3-MS-5: Conservation of Energy and Energy
Transfer

DCI—Waves

PS4-MS-1: Wave Properties
PS4-MS-2: Wave Properties & Electromagnetic
Radiation
PS4-MS-3: Information Technologies and
Instrumentation

Discipline—Life Sciences, Standard Total = 20

DCIl—From Molecules to Organisms: Structures
and Processes

LS1-MS-1: Structure and Function
LS1-MS-2: Structure and Function
LS1-MS-3: Structure and Function

LS1-MS-4: Characteristics of Living Things
LS1-MS-5: Organization for Matter and Energy Flow
in Organisms
LS1-MS-6: Organization for Matter and Energy Flow
in Organisms
DCI—Ecosystems: Interactions, Energy, and
Dynamics
LS2-MS-1: Interdependent Relationships in
Ecosystems
LS2-MS-2: Interdependent Relationships in
Ecosystems
LS2-MS-3: Cycle of Matter and Energy Transfer in
Ecosystems

o
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Grade 8

Min Item
Clusters

Max Item
Clusters

Min
Stand-Alone
Items

Max
Stand-Alone
Items

Min Item
Clusters +
Min
Stand-Alone
Items

Max Item
Clusters +
Max
Stand-Alone
Items

LS2-MS-4: Cycle of Matter and Energy Transfer in
Ecosystems

LS2-MS-5: Ecosystem Dynamics, Functioning, and
Resilience

LS2-MS-6: Ecosystem Dynamics, Functioning, and
Resilience & Biodiversity and Humans & Developing
Possible Solutions’

o

o

DCl—Heredity: Inheritance and Variation of Traits

LS3-MS-1: Inheritance of Traits & Variance of Traits

—_—

—_

LS3-MS-2: Growth and Development of Organisms &
Inheritance of Traits & Variation of Traits

DCIl—Biological Evolution: Unity and Diversity

LS4-MS-1: Classification of Organisms

LS4-MS-2: Classification of Organisms

LS4-MS-3: Classification of Organisms

LS4-MS-4: Natural Selection

LS4-MS-5: Natural Selection

LS4-MS-6: Adaptation

AlalalalalalN

Sl RA A AalaAaa W

Discipline—Earth and Space Sciences, Standard
Total = 15

DCI—Earth’s Place in the Universe

N B

w|l o

ESS1-MS-1: The Universe and Its Stars & Earth and
the Solar System
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ESS1-MS-2: The Universe and Its Stars & Earth and
the Solar System

ESS1-MS-3: Earth and the Solar System

ESS1-MS-4: History of Earth

DCI—Earth’s Systems

o|o|o| O
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Min Item Max Item
Min Item Max ltem Min Max Clusters + Clusters +
Grade 8 Clusters Clusters Stand-Alone | Stand-Alone Min Max
Items Items Stand-Alone | Stand-Alone
Items Items
ESS2-MS-1: Earth's Materials and Systems 0 1 0 1 0 1
ESS2-MS-2: Earth's Earth’s Materials and Systems 0 y 0 1 0 1
& The Roles of Water in Earth's Surface Processes
ESS2-MS-3: History of the Planet Earth & Plate 0 y 0 1 0 1
Tectonics and Large-Scale System Interactions
ESS2-MS-4: The Roles of Water in Earth's Surface
0 1 0 1 0 1
Processes
ESS2-MS-5: The Roles of Water in Earth's Surface 0 y 0 1 0 1
Processes & Weather and Climate
ESS2-MS-6: Weather and Climate 0 1 0 1 0 1
DCIl—Earth and Human Activity 0 1 0 2 0 3
ESS3-MS-1: Natural Resources 0 1 0 1 0 1
ESS3-MS-2: Natural Hazards 0 1 0 1 0 1
ESS3-MS-3: Human Impacts on Earth Systems’ 0 1 0 1 0 1
ESS3-MS-4: Human Impacts on Earth Systems 0 1 0 1 0 1
ESS3-MS-5: Human Impacts on Earth Systems 0 1 0 1 0 1
Total Standards = 54 6 6 12 12 18 18
*These standards have an engineering component.
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Table 14. Science Test Blueprint, Grade 11

Min Item Max Item
Min Item Max Item Min Max Clust.ers + Clusters +
Grade 11 Clusters Clusters Stand-Alone | Stand-Alone Min Max
Items Items Stand-Alone | Stand-Alone
Items Items
Discipline—Physical Sciences (Chemistry and 2 2 5 5 7 7
Physics), Standard Total = 31
DCI—Structure and Properties of Matter & 0 1 0 2 0 3
Chemical Reactions (Chemistry)
PSC1-HS-1: Structure and Properties of Matter & 0 y 0 1 0 1
Types of Interactions (Chemistry)
PSC1-HS-2: Structure and Properties of Matter & 0 y 0 1 0 1
Types of Interactions (Chemistry)
PSC1-HS-3: Structure and Properties of Matter & 0 y 0 1 0 1
Types of Interactions (Chemistry)
PSC1-HS-4: Nuclear Processes (Chemistry) 0 1 0 1 0 1
PSC1-HS-5: Structure and Properties of Matter & 0 y 0 1 0 1
Types of Interactions (Chemistry)
PSC2-HS-1: Structure and Properties of Matter & 0 y 0 1 0 1
Chemical Reactions (Chemistry)
PSC2-HS-2: Structure and Properties of Matter & 0 y 0 1 0 1
Chemical Reactions (Chemistry)
PSC2-HS-3: Chemical Reactions (Chemistry) 0 1 0 1 0 1
PSC2-HS-4: Chemical Reactions (Chemistry) 0 1 0 1 0 1
PSC2-HS-5: Chemical Reac:[ions & Optimizing the 0 y 0 1 0 1
Design Solution (Chemistry)
DCI—Energy (Chemistry) 0 1 0 2 0 3
PSC3-HS-1: Electromagnetic Radiation (Chemistry) 0 1 0 0
PSC3-HS-2: Definitions of Energy & Conservation of 0 y 0 1 0 1
Energy and Energy Transfer (Chemistry)
PSC3-HS-3: Definitions of Energy (Chemistry) 0 1 0 1 0 1
PSC3-HS-4: Definitions of Energ}/ & Energy in 0 y 0 1 0 1
Chemical Processes (Chemistry)
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Grade 11

Min Item
Clusters

Max Item
Clusters

Min
Stand-Alone
Items

Max
Stand-Alone
Items

Min Item
Clusters +
Min
Stand-Alone
Items

Max Item
Clusters +
Max
Stand-Alone
Items

PSC3-HS-5: Conservation of Energy and Energy
Transfer & Energy in Chemical Processes
(Chemistry)’

DCI—Motion and Stability: Forces and Interactions
(Physics)

PSP1-HS-1: Forces and Motion (Physics)

PSP1-HS-2: Forces and Motion (Physics)

PSP1-HS-3: Forces and Motion & Types of
Interactions & Defining and Delimiting and
Engineering Problem & Optimizing the Design
Solution (Physics)’

PSP1-HS-4: Types of Interactions (Physics)

PSP1-HS-5: Types of Interactions & Definitions of
Energy (Physics)

PSP1-HS-6 : Types of Interactions (Physics)’

DCI—Energy (Physics)

PSP2-HS-1: Definitions of Energy & Conservation of
Energy and Energy Transfer (Physics)

PSP2-HS-2: Definitions of Energy (Physics)

o] ©O [©o|O| O |O
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PSP2-HS-3: Definitions of Energy & Energy in
Chemical Processes & Defining and Delimiting an
Engineering Problem (Physics)’

PSP2-HS-4: Conservation of Energy and Energy
Transfer & Energy in Chemical Processes (Physics)

PSP2-HS-5: Relationship Between Energy and
Forces (Physics)

DCI —Waves (Physics)

PSP3-HS-1: Wave Properties (Physics)

PSP3-HS-2: Wave Properties (Physics)
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Min Item Max Item
Min Item Max Item Min Max Clusters + Clusters +
Grade 11 Clusters Clusters Stand-Alone | Stand-Alone Min Max
Items Items Stand-Alone | Stand-Alone
Items Items
PSP3-HS-3: Wave Properties & Electromagnetic 0 y 0 1 0 1
Radiation (Physics)
PSP3-HS-4: Electromagnetic Radiation (Physics) 0 1 0 1 0 1
PSP3-HS-5: Energy in Chemical Processes & Wave
Properties & Electromagnetic Radiation &
; . . 0 1 0 1 0 1
Information Technologies and Instrumentation
(Physics)’
Discipline—Life Sciences, Standard Total = 24 2 2 4 4 6 6
DCI—From Molecules to Organisms: Structures
and Processes . L . 2 . .
LS1-HS-1: Structure and Function 0 1 0 1 0 1
LS1-HS-2: Structure and Function 0 1 0 1 0 1
LS1-HS-3: Structure and Function 0 1 0 1 0 1
LS1-HS-4: Growth and Development of Organisms 0 1 0 1 0 1
LS1-HS-5: Organization for Matter and Energy Flow
; ; 0 1 0 1 0 1
in Organisms
LS1-HS-6: Organization for Matter and Energy Flow
; ) 0 1 0 1 0 1
in Organisms
LS1-HS-7: Organization for Matter and Energy Flow
. X 0 1 0 1 0 1
in Organisms
DCI—E_cosystems: Interactions, Energy, and 0 1 0 2 0 3
Dynamics
LS2-HS-1: Interdependent Relationships in 0 y 0 1 0 1
Ecosystems
LS2-HS-2: Interdependent Relationships in
Ecosystems & Ecosystem Dynamics, Functioning, 0 1 0 1 0 1
and Resilience
LS2-HS-3: Cycles of Matter and Energy Transfer in
0 1 0 1 0 1
Ecosystems
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Grade 11

Min Item
Clusters

Max Item
Clusters

Min
Stand-Alone
Items

Max
Stand-Alone
Items

Min Item
Clusters +
Min
Stand-Alone
Items

Max Item
Clusters +
Max
Stand-Alone
Items

LS2-HS-4: Cycles of Matter and Energy Transfer in
Ecosystems

LS2-HS-5: Cycles of Matter and Energy Transfer in
Ecosystems

LS2-HS-6: Ecosystem Dynamics, Functioning, and
Resilience

LS2-HS-7: Ecosystem Dynamics, Functioning and
Resilience & Biodiversity and Humans’

LS2-HS-8: Social Interactions and Group Behavior

DCIl—Heredity: Inheritance and Variation of Traits

LS3-HS-1: Structure and Function & Inheritance of
Traits

LS3-HS-2: Variation of Traits

LS3-HS-3: Variation of Traits

DCIl—Biological Evolution: Unity and Diversity

N | ==

W | ==

LS4-HS-1: Evidence of Common Ancestry and
Diversity

-_—

—_

LS4-HS-2: Natural Selection & Adaptation

LS4-HS-3: Natural Selection & Adaptation

LS4-HS-4: Adaptation

LS4-HS-5: Adaptation

e I N S N N
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LS4-HS-6: Adaptation & Biodiversity and Humans &
Developing Possible Solutions
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Discipline—Earth and Space Sciences, Standard
Total =19

N

f =N
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DCI—Earth’s Place in the Universe

ESS1-HS-1: The Universe and Its Stars & Energy in
Chemical Processes and Everyday Life
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Min Item Max Item
Min Item Max Item Min Max Clusters + Clusters +
Grade 11 Clusters Clusters Stand-Alone | Stand-Alone Min Max
Items Items Stand-Alone | Stand-Alone
Items Items
ESS1-HS-2: The Universe and Its Stars &
) . 0 1 0 1 0 1
Electromagnetic Radiation
ESS1-HS-3: The Universe and lts Stars 0 1 1 0 1
ESS1-HS-4: Earth and the Solar System 0 1 1 0 1
ESS1-HS-5: The History of Planet Earth & Plate
Tectonics and Large-Scale System Interactions & 0 1 0 1 0 1
Nuclear Processes
ESS1-HS-6: The History of Planet Earth & Nuclear
0 1 0 1 0 1
Processes
DCIl—Earth’s Systems 0 1 0 2 0 3
ESS2-HS-1: Earth Materials and Systems & Plate 0 1 0 1 0 1
Tectonics and Large-Scale System Interactions
ESS2-HS-2: Earth Materials and Systems & Weather
X 0 1 0 1 0 1
and Climate
ESS2-HS-3: Earth Materials and Systems & Plate
Tectonics and Large-Scale System Interactions & 0 1 0 1 0 1
Wave Properties
ESS2-HS-4: Earth and the Solar System & Earth 0 y 0 1 0 1
Materials and Systems & Weather and Climate
ESS2-HS-5: The Roles of Water in Earth's Surface
0 1 0 1 0 1
Processes
ESS2-HS-6: Weather and Climate 0 1 0 1 0 1
ESS2-HS-7: Weather and Climate & Bioecology 0 1 0 1 0 1
DCI—Earth and Human Activity 0 1 0 2 0 3
ESS3-HS-1: Natural Resources & Natural Hazards 0 1 0 1 0 1
ESS3-HS-2: Natural Resources & Developing
X g 0 1 0 1 0 1
Possible Solutions
ESS3-HS-3: Human Impacts on Earth Systems 0 1 0 1 0 1
ESS3-HS-4: Human Impacts on Earth Systems &
) . RN 0 1 0 1 0 1
Developing Possible Solutions
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Min Item Max Item
Min Item Max ltem Min Max Clusters + Clusters +
Clusters Clusters Stand-Alone | Stand-Alone Min Max
Items Items Stand-Alone | Stand-Alone
Items Items
ESS3-HS-5: Human Impacts on Earth Systems 0 1 0 1 0 1
ESS3-HS-6: Weather and Climate & Human Impacts
0 1 0 1 0 1
on Earth Systems
Total Standards = 74 6 6 13 13 19 19
*These standards have an engineering component.
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The main characteristics of the blueprint were that any performance standards could be tested only
once (indicated by the values of 0 and 1 for the minimum and maximum values of the individual
standards in Table 12-Table 14). In general, no more than one item cluster or two stand-alone
items could be sampled from the same DCI, and no more than three total items could be sampled

from the same DCI (as indicated by the minimum and maximum values in the rows representing
DClIs).

While tests are not timed, the Idaho SDE published estimated testing times for the ISAT in Science.
The 85th percentile of the testing times is presented in Table 15.

Table 15. ISAT in Science 85th Percentile
Testing Times by Grade

Subject Grade 85th Percentile Testing
5 122.33

Science 8 97.32
11 80.83

4.3 ONLINE TEST CONSTRUCTION

During fall 2022, CAI psychometricians and content experts worked with Idaho SDE content
specialists and leadership to build item pools for the spring 2023 administration. The ISAT in
Science test construction used a structured test construction plan, explicit blueprints, and active
collaborative participation from all parties.

The 2023 ISAT in Science item pools were built by CAI test developers to match items exactly to
the detailed test blueprints. Operational items were selected from 10 item banks (ICCR,
Connecticut, Hawaii, Idaho, Montana, Rhode Island, Oregon, Utah, West Virginia, and Wyoming)
to fulfill the blueprint for each grade. Table 16-Table 20 summarize the 2023 ISAT in Science
item pool. Appendix 2-K, Idaho Standards Achievement Test in Science Item Pool, provides the
2023 item pool by grade band, achievement standard, and origin. Details of the adaptive testing
algorithm by CAI to utilize the science pool are described in Appendix 2-L, Adaptive Algorithm
Design.
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Table 16. Spring 2023 ISAT in Science Operational and Field-Test Item Pool

ﬁ;?:?rsgg ICCR Items Idaho ltems MOU Items? T?::::sc;ol
Grade 5 116 46 166 328
Cluster 41 23 93 157
Stand-Alone 75 23 73 171
Grade 8 134 47 133 314
Cluster 45 23 65 133
Stand-Alone 89 24 68 181
Grade 11 120 42 124 286
Cluster 45 24 63 132
Stand-Alone 75 18 61 154
Total 370 135 423 928

a80ther MOU state items administered include Connecticut, Hawaii, Montana, MSSA (Rhode Island and Vermont),
Oregon, Utah, West Virginia, and Wyoming. °The total count excludes three field-tested items intended for the interim

pool.
Table 17. Spring 2023 ISAT in Science Operational Item Pool
Grade and ICC_R Idah_o MO_U TOt'fﬂ
ltem Type Operational Operational Operatlo*nal Operational
Items Items Items Pool Items
Grade 5 115 41 152 308
Cluster 40 20 85 145
Stand-Alone 75 21 67 163
Grade 8 126 43 124 293
Cluster 43 20 65 128
Stand-Alone 83 23 59 165
Grade 11 117 39 110 266
Cluster 45 22 57 124
Stand-Alone 72 17 53 142
Total 358 123 386 867

“Other MOU state operational items administered include Connecticut, Hawaii, Montana, MSSA (Rhode Island and

Vermont), Oregon, Utah, West Virginia, and Wyoming.
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Table 18. Spring 2023 ISAT in Science Field-Test Item Pool

Grade and ICCR Field-Test | Idaho Field-Test | MOU Field-Test | Total Field-Test
Item Type Items Items Items? Pool Items®
Grade 5 1 5 14 20
Cluster 1 3 8 12
Stand-Alone 0 2 6 8
Grade 8 8 4 9 21
Cluster 2 3 0 5
Stand-Alone 6 1 9 16
Grade 11 3 3 14 20
Cluster 0 2 6 8
Stand-Alone 3 1 12
Total 12 12 37 61

Other MOU state field-test items administered include Connecticut, Hawaii, Montana, MSSA (Rhode Island and
Vermont), Oregon, Utah, West Virginia, and Wyoming. *The total count excludes three field-tested items intended
for the interim pool.

Table 19. Spring 2023 ISAT in Science Operational and Field-Test Item Pool by
Science Discipline

Science ICCR MOU Total Pool
Grade Discipline Item Type Items Idaho Items Items? Items®

Earth and Space | Cluster 15 7 21 43

Sciences Stand-Alone 22 8 21 51

. . Cluster 10 6 28 44

> Life Sciences g nd-Alone 25 7 23 55
Physical Cluster 16 10 44 70

Sciences Stand-Alone 28 8 29 65

Earth and Space | Cluster 15 6 21 42

Sciences Stand-Alone 24 7 17 48

. : Cluster 16 8 24 48

8 Life Sciences g2 ng-Alone 38 9 25 72
Physical Cluster 14 9 20 43

Sciences Stand-Alone 27 8 26 61

Earth and Space | Cluster 11 4 15 30

Sciences Stand-Alone 19 4 18 41

. . Cluster 19 6 30 55

1 Life Sciences Stand-Alone 36 4 o1 o1
Physical Cluster 15 14 18 47

Sciences Stand-Alone 20 10 22 52
Total 370 135 423 928
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“Other MOU states items administered include Connecticut, Hawaii, Montana, MSSA (Rhode Island and Vermont),
Oregon, Utah, West Virginia, and Wyoming. *The total count excludes three field-tested items intended for the interim
pool.
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Table 20. Spring 2023 ISAT in Science Operational and Field-Test Item Pool by Disciplinary Core Idea

Grade Dsisctl:?:I(i::e Dc':s:r'gll";':a"y ICCR Items Idaho Items MOU Items? Total Pool Items®
Earth and ESS1 10 3 11 24
Space ESS1/2 11 8 22 41
Sciences ESS2/3 16 4 9 29
LS1 13 3 18 34
. . LS1/2 5 3 13 21
5 Life Sciences LS2-3 5 > 8 15
LS2-5 12 5 12 29
PS1 11 6 13 30
Physical PS1/2 13 4 16 33
Sciences PS1/3 16 6 27 49
PS2 4 2 17 23
Earth and ESS1 12 5 9 26
Space ESS2 15 3 17 35
Sciences ESS3 12 5 12 29
LS1 9 5 11 25
Life Sciences LS2 24 2 17 43
8 LS3 5 2 6 13
LS4 16 5 15 36
PS1 10 4 15 29
Physical PS2 6 6 15 27
Sciences PS3 17 4 10 31
PS4 8 3 6 17
Earth and ESS1 12 3 12 27
Space ESS2 7 3 8 18
Sciences ESS3 11 2 13 26
1 LS1 17 2 21 40
Life Sciences tgi 176 ; 152 ?2
LS4 15 4 13 32
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Grade DS_cu_ent_:e Disciplinary ICCR Items Idaho Items MOU Items? Total Pool Items®
iscipline Core Idea

PSC1/2 16 10 14 40

, PSC3 3 2 5 10

ggiﬁf?l, PSP1 8 4 9 21

PSP2 2 4 5 11

PSP3 6 4 7 17
Total 370 135 423 928

"Other MOU state items administered include Connecticut, Hawaii, Rhode Island, Oregon, Utah, West Virginia, and Wyoming. *The total count excludes three

field-tested items intended for the interim pool.
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More information about p-values, biserial correlations, and item response theory (IRT) parameters
can be found in Volume 1, Annual Technical Report. The details on calibration, equating, and
scoring of the ISAT in Science can also be found in Volume 1.

4.4 PAPER-PENCIL ACCOMMODATION FORM CONSTRUCTION

Student scores should not depend on the mode of administration or type of test form. Because the
ISAT in Science was primarily administered in an online test delivery system in spring 2023, only
two students in grade 5 took the paper-pencil form, no students took it in grade 8, and two in
grade 11 (all in English) while no student took the Braille forms in the paper mode in any grades.
Scores obtained via alternate modes of administration must be established as comparable to scores
obtained through online testing. This section outlines the overall test development plans that
ensured the comparability of online and paper-pencil tests.

To build paper-pencil forms, content specialists began with the online pool and removed any items
that could not be rendered on paper. Next, content specialists constructed fixed forms adhering to
the test blueprint. All overall and discipline-level (reporting category) blueprint requirements were
met.

5. SIMULATION SUMMARY REPORT

This section describes the results of the simulated test administrations used to configure and
evaluate the adequacy of the adaptive algorithm, which was used to administer the 2022-2023
ISAT in Science for grades 5, 8, and 11. Simulations were conducted to configure the settings of
the algorithm and to evaluate whether individual tests adhered to the test blueprint.

Some important settings included “Select Candidate Set 1 (csetl) and “Select Candidate Set 2”
(cset2), which represent subsets of the item pool that were eligible for item selection. Refer to
Appendix 2-L, Adaptive Algorithm Design, for more details of the current item selection algorithm.
In spring 2022, csetl and cset2 values were set to 10 and 1. Psychometricians reviewed the
simulation results and configured settings based on some key diagnostics, including the following:

e Match-to-Test Blueprint. This diagnostic determines whether the tests have the correct
number of test items overall and the appropriate proportion by content categories at each
level of the content hierarchy, as specified in the test blueprints for every science grade.

e Item Exposure Rate. This diagnostic evaluates the utility of item pools and identifies
overexposed and underexposed items.

e Precision. This diagnostic determines whether the size of the standard error of
measurement is within the acceptable range and whether estimates of student ability have
any possible bias.

These diagnostics are interrelated. For example, if the test pool for a particular content category is
limited (i.e., there are only a few test items available), achieving a 100% match to the blueprint for
this content level will lead to a high item exposure rate, which means that a large number of
students are sharing items. The software system that performs the simulation allows adjustments
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to the setting parameters in order to attain the best possible balance among these diagnostics. The
simulation involves an iterative process that reviews initial results, adjusts these system parameters,
runs new simulations, reviews the new results, and repeats the exercise until an optimal balance is
achieved. The final setting would then be applied for the operational tests.

5.1 FACTORS AFFECTING SIMULATION RESULTS

There are several factors that may influence simulation results for an adaptive test administration.
These factors include the following:

o The proportional relationship between the pool and the constraints to be met.
Proportionally distributed pools tend to make better use of the pool (i.e., more uniform item
exposure) and make it easier to meet blueprint and other constraints. For example, if the
specifications call for at least one item cluster per Disciplinary Core Idea (DCI), but the
pool has no item cluster for some DClIs, it may be impossible to meet this constraint.

o The correlational structure between constraints. It is easier to satisfy a constraint if there
are instances of the constraint at all levels of another constraint. For example, if stand-alone
items within a discipline are associated only with a specific DCI, it may be difficult to meet
both the desired distribution of content and the desired distribution of item type.

o Whether or not there is a strict maximum on a given constraint. This means that the
requirement must be met exactly in each test administration.

5.2 RESULTS OF SIMULATED TEST ADMINISTRATIONS: ENGLISH

This section presents the simulation results for the English online tests, which is the test taken by
almost all students (>99%). Simulations were evaluated for all content areas using 5,000 simulated
cases per grade.

5.2.1 Summary of Blueprint Match

The simulation results showed no blueprint violations at all content levels for all three grades.

5.2.2 Item Exposure

The simulator output also reports the degree to which the constraints set forth in the blueprints
may yield greater exposure of items to students. This is reported by examining the percentage of
test administrations in which an item appears. For instance, in a fixed paper-pencil form, 100% of
the items appear on 100% of the test administrations because every test taker takes the same form.
In an adaptive test or a linear-on-the-fly (LOFT) test with a sufficiently large item pool, it is
expected that most of the items would appear on a relatively small percentage of the test
administrations.

When this condition holds, it suggests that test administrations between students are more or less
unique. Therefore, the item exposure rate was calculated for each item by dividing the total number
of test administrations in which an item appears by the total number of tests administered. Then
the distribution of the item exposure rate (r) is reported in eight bins. The bins are r = 0% (unused),

Test Development 60 Idaho State Department of Education



Idaho Standards Achievement Test in Science 2022—2023 Technical Report: Volume 2

0% <1< 1%, 1% <1< 5%, 5% <1 <20%, 20% <1 < 40%, 40% <1 < 60%, 60% <1 < 80%, and
80% <1 < 100%. If global item exposure is minimal, it is expected that the largest proportion of
items would appear in the bins of 0% < r < 20%, which is an indication that most of the items
appear on a very small percentage of the test forms.

Table 24 presents the percentage of items that fell into each exposure bin for all grades. Most test
items were administered in 1%—20% of the test administrations. No item had an exposure rate of
0%, and the minimum exposure rate was 0.97% in grade 5. Six items in grade 11 had an exposure
rate higher than 40% because of the limitation of the current pool for some content categories.

Table 21. Item Exposure Rates by Grade: Percentage of Iltems by Exposure Rate,
Across All English Online Simulation Sessions

Grade II:;?; 0% | (0,11% | (1,5]% | (5,20]% |(20,40]% |(40,60]% | (60,80]% |(80,100]%
5 308 0 487 | 4838 | 4578 | 097 0
8 293 0 2287 | 36.86 | 3515 | 5.12 0
11 266 0 2444 | 3947 | 2594 | 7.89 2.26

5.2.3 Precision

Each simulated record includes a true score and an ability estimate based on the adaptive test
administration. The correlations between the true score and estimated ability for grades 5, 8, and
11 were .948, .953, and .956, respectively. These correlations were fairly high, indicating that the
adaptive test administrations reliably estimated student ability.

The mean bias, which is the average of the biases of the estimated abilities across all students,
was .016, .001, and —.003 for grades 5, 8, and 11, respectively. In all cases, the mean bias of the
estimated abilities was very small, providing further evidence that the true score was adequately
recovered in the observed score.

Table 22 shows the mean standard errors of the ability estimate across all simulated test
administrations and the standard error at the 5th, 25th, 75th, and 95th percentiles of the ability
distribution. For all English tests, the standard error was lowest at the low end of the ability
spectrum, indicating a greater precision of measurement of lower performing students.
Conversely, the standard error was relatively high for higher ability students, exceeding 0.390 in
grade 5.

Table 22. Standard Errors of Ability Estimates, by Grade, Across
All English Online Simulation Sessions

Grade Overall 5th 25th 75th 95th
Mean Percentile | Percentile | Percentile | Percentile
5 0.345 0.309 0.328 0.357 0.391
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Grade Overall 5th 25th 75th 95th
Mean Percentile | Percentile | Percentile | Percentile

8 0.317 0.286 0.301 0.330 0.362

1 0.309 0.278 0.293 0.317 0.354

5.3 RESULTS OF SIMULATED TEST ADMINISTRATIONS: SPANISH

This section presents the simulation results for the Spanish tests. The Spanish item pool comprised
a subset of ICCR items and some MOU items that had Spanish translations available. Table 23
presents the number of items available for the Spanish tests in spring 2023.

Table 23. Spring 2023 Spanish Operational Item Pool

Grade Item Type Number of Iltems

Cluster 50

> Stand-Alone 79
Cluster 49

8 Stand-Alone 74
Cluster 66

" Stand-Alone 79

Total 397

Simulations were evaluated for all content areas using 1,000 simulated cases per grade.

5.3.1 Summary of Blueprint Match

The simulation results showed no blueprint violations at all content levels for all three grades.

5.3.2 Item Exposure

Table 24 presents the percentage of items that fell into each exposure bin for all grades. Most items
were administered in less than 20% of the test administrations. Some items had an exposure rate
more than 80% in grade 11 because of the limited Spanish item pool. Only those items were
available to satisfy the blueprint constraints.

Table 24. Item Exposure Rates by Grade: Percentage of ltems by Exposure Rate,
Across All Spanish Simulation Sessions

Grade I-::rt:sl‘. 0% (0,11% (1,51% | (5,20]1% | (20,40]% | (40,60]% | (60,80]% |(80,100]%
5 129 0 0 5.43 77.52 14.73 2.33 0 0
8 123 0 0 30.08 45.53 16.26 8.13 0 0
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Grade II::;‘; 0% (0,11% | (1,51% | (5,20]% | (20,40]% | (40,60]% | (60,80]% ((80,100]%
11 145 0 1793 | 2828 | 2966 | 1655 | 5.52 1.38 0.69

5.3.3 Precision

For the Spanish tests, the correlations between the true score and estimated ability for grades 5,
8, and 11 were .952, .951, and .956, respectively. These correlations were fairly high, indicating
that the adaptive test administrations reliably estimated student ability.

The mean bias, which is the average of the biases of the estimated abilities across all students,
was —000, .007, and —.015 for grades 5, 8, and 11, respectively. In all cases, the mean bias of the
estimated abilities was very small, providing further evidence that the true score was adequately
recovered in the observed score.

Table 25 shows the mean standard errors of the ability estimate across all simulated test
administrations and the standard error at the 5th, 25th, 75th, and 95th percentiles of the ability
distribution. For all English tests, the standard error was lowest at the low end of the ability
spectrum, indicating a greater precision of measurement of lower performing students.
Conversely, the standard error was relatively high for higher ability students, exceeding 0.390 in
grade 5.

Table 25. Standard Errors of Ability Estimates, by Grade, Across
All Spanish Online Simulation Sessions

Grade Overall 5th 25th 75th 95th
Mean Percentile | Percentile | Percentile | Percentile

5 0.343 0.311 0.327 0.352 0.390

8 0.332 0.304 0.318 0.339 0.368

11 0.319 0.285 0.302 0.327 0.368

6. OPERATIONAL TEST ADMINISTRATION SUMMARY REPORT

This section presents the blueprint match reports and item exposure rates for the spring 2023
operational test administrations.

6.1 BLUEPRINT MATCH
Table 26 presents the percentages of the spring 2023 tests that aligned with the blueprint

requirements. Across all grades, every English and Spanish test administered met the blueprint
specifications with a 100% match at all content levels.
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Table 26. Spring 2023 Blueprint Match for Test Delivered
% of Cases _ % of Cases Violating BP

Grade Content Level Minltems Maxltems

Meeting BP 1 2 -1 -2
English
5 Discipline 6 6 100 - - - -
Discipline—Cluster 2 2 100 - - - -
Discipline—Stand-alone 4 4 100 - - - -
DCI 0 3 100 - - - -
DCI-Cluster 0 1 100 - - - -
DCI-Stand-alone 0 2 100 - - - -
PE 0 1 100 - - - -
8 Discipline 6 6 100 - - - -
Discipline—Cluster 2 2 100 - - - -
Discipline—Stand-alone 4 4 100 - - - -
DCI 0 3 100 - - - -
DCI-Cluster 0 1 100 - - - -
DCIl-Stand-alone 0 2 100 - - - -
PE 0 1 100 - - - -
1 D|s_C|pI|ne (Physical 7 7 100 ) ) ) )
Science)
Discipline (Physical
Science)—Cluster 2 2 100 ) ) ) )
Discipline (Physical 5 5 100 ) ) ) )

Science)-Stand-alone

Discipline (Life

Science/Earth and 6 6 100 - - - -
Space Science)

Discipline (Life

Science/Earth and

Space Science)— 2 2 100 i i i i
Cluster

Discipline (Life

Smence/Egrth and 4 4 100 ) ) ) )
Space Science)—

Stand-alone

DCI 0 3 100 - - - -
DCI-Cluster 0 1 100 - - - -
DCI-Stand-alone 0 2 100 - - - -
PE 0 1 100 - - - -
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% of Cases

Grade Content Level Minltems Maxltems Meeti % of Cases Violating BP
eeting BP
Spanish

5 Discipline 6 6 100 - - - -
Discipline—Cluster 2 2 100 - - - -
Discipline—Stand-alone 4 4 100 - - - -
DCI 0 3 100 - - - -
DCI-Cluster 0 1 100 - - - -
DCI-Stand-alone 0 2 100 - - - -
PE 0 1 100 - - - -

8 Discipline 6 6 100 - - - -
Discipline—Cluster 2 2 100 - - - -
Discipline—Stand-alone 4 4 100 - - - -
DCI 0 3 100 - - - -
DCI-Cluster 0 1 100 - - - -
DCI-Stand-alone 0 2 100 - - - -
PE 0 1 100 - - - -

1 D|S_C|p||ne (Physical 7 7 100 ) ) ) )
Science)
Discipline (Physical
Science)—Cluster 2 2 100 ) ) ) )
Discipline (Physical 5 5 100 ) ) ) )

Science)-Stand-alone

Discipline (Life

Science/Earth and 6 6 100 - - - -
Space Science)

Discipline (Life

Science/Earth and

Space Science)— 2 2 100 ) ) ) )
Cluster

Discipline (Life

Smence/E_arth and 4 4 100 ) ) ) )
Space Science)—

Stand-alone

DCI 0 3 100 - - - -
DCI-Cluster 0 1 100 - - - -
DCl-Stand-alone 0 2 100 - - - -
PE 0 1 100 - - - -

6.2 ITEM EXPOSURE

Table 27 presents the item exposure rates for the spring 2023 test administration. The exposure
rates were very similar to the simulation results described in Section 5.2.2, Item Exposure, most
items (95% or more) were administered in 0—-60% of the English test administrations. The item
exposure rate for field-test items ranged from 6.80%—11.50% for all three grades. For the Spanish
tests, more items had high exposure rates compared to the English tests because of a smaller item
pool. Also, the operational exposure rates were slightly different from the simulation results
because of small population sizes in all three grades. As a result, some items were not exposed at
all. In spring 2023, fewer than 100 students took the Spanish test in each grade.
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Table 27. Item Exposure Rates by Grade: Percentage of Iltems by Exposure Rate,
Across All Spring 2023 Test Administrations

Grade I-[:rt:sl 0% (0,11% (1,51% | (5,20]% | (20,40]% | (40,60]% | (60,80]% |(80,100]%
English
308 0 6.49 45.45 47.08 0.97 0 0
8 293 0 31.06 24.57 37.88 6.48 0 0
1 266 0 35.34 28.20 25.94 7.52 2.63 0.38
Spanish
129 3.10 0 27.91 51.16 10.85 5.43 1.55 0
8 123 13.82 0 39.02 26.02 8.13 4.07 4.88 4.07
1 145 33.10 0 26.90 22.07 6.21 4.14 4.83 2.76
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Exhibit A-1. LABS Guidelines
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Cambium
Assessment

LABS Guidelines

1. STEREOTYPING

Testing materials should not present persons stereotyped according to the following characteristics:
o Age
e Disability
e Gender
e Race/Ethnicity

e Sexual orientation

2. SENSITIVE OR CONTROVERSIAL SUBJECTS

Controversial or potentially distressing subjects should be avoided or treated sensitively. For
example, a passage discussing the historical importance of a battle is acceptable whereas a graphic
description of a battle would not be. Controversial subjects include:

e Death and Disease
e Gambling*

e Politics (Current)
e Race relations

e Religion

e Sexuality

e Superstition

e War

*References to gambling should be avoided in mathematics items related to probability.
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3. ADVICE

Testing materials should not advocate specific lifestyles or behaviors except in the most general
or universally agreed-upon ways. For example, a recipe for a healthful fruit snack is acceptable
but a passage recommending a specific diet is not. The following categories of advice should be

avoided:

Religion
Sexual preference
Exercise

Diet

4. DANGEROUS ACTIVITY

Tests should not contain content that portrays people engaged in or explains how to engage in
dangerous activities. Examples of dangerous activities include:

Deep-sea diving
Stunts
Parachuting
Smoking
Drinking

5. POPULATION DIVERSITY AND ETHNOCENTRISM

Testing materials should:

Reflect the diversity of the testing population

Use stimulus materials (such as works of literature) produced by members of minority
communities

Use personal names from different ethnic origin communities
Use pictures of people from different ethnic origin communities

Avoid ethnocentrism, or the attitude that all people should share a particular group’s
language, beliefs, culture, or religion

6. DIFFERENTIAL FAMILIARITY AND ELITISM

Specialized concepts and terminology extraneous to the core content of test questions should be
avoided. This caveat applies to terminology from the fields of:
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e Construction

e Finance

e Sports

e Law

e Machinery

e Military topics
e Politics

e Science

e Technology

e Agriculture

7. LANGUAGE USE

Language should be as inclusive as possible.

e Avoid masculine-coded words like mankind, manmade, and the generic “he”

e Use equal pairs such as husband and wife rather than man and wife

8. LANGUAGE ACCESSIBILITY

The grammar and vocabulary should be clear, concise, and appropriate for the intended grade level.
The following should be avoided or used with care:

e Passive constructions

e Idioms

e Multiple subordinate clauses

e Pronouns with unclear antecedents
e Multiple-meaning words

e Non-standard grammar

e Dialect

e Jargon

9. ILLUSTRATIONS AND GRAPHICS

Ilustrations and graphics should embody all of the previously referenced LABS Guidelines.
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Exhibit A-2. LABS Checklist
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Cambium
Assessment

LABS—Checklist

STEREOTYPING CONSIDERATIONS
"1 Does the material negatively represent, or stereotype people based on gender or sexual
preference?

"1 Does the material portray one or more people with disabilities in a negative or
stereotypical manner?

'] Does the material portray one or more religious groups as aggressive or violent?
Does the material romanticize or demean people based on socioeconomic status?

Does the material portray one or more ethnic groups or cultures participating in certain
stereotypical activities or occupations?

"1 Does the material portray one or more age groups in a negative or stereotypical manner?

SENSITIVE/CONTROVERSIAL MATERIAL CONSIDERATIONS

"1 Does the material require a student to take a position that challenges authority?
Does the material present war or violence in an overly graphic manner?

Does the material present sensitive or highly controversial subjects, such as death, war,
abortion, euthanasia, or natural disasters, except where they are needed to meet State
Content Standards?

'] Does the material require test takers to disclose values that they would rather hold
confidential?

1 Does the material present sexual innuendoes?
1 Does the material trivialize significant or tragic human experiences?

Does the material require the parent, teacher, or test taker to support a position that is
contrary to their religious beliefs?
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ADVICE CONSIDERATIONS

[

Does the material contain advice pertaining to health and well-being about which there
is not a universal agreement?

POPULATION DIVERSITY

O o 0o o O oo

Is the material written by members of diverse groups?

Does the material reflect the experiences of diverse groups?

Does the material portray people in positive nontraditional roles?

Does test material represent the racial and ethnic composition of the testing population?
Does the material reflect ethnocentrism?

Does the material refer to population subgroups accurately?

Does test material reflect diversity through the use of names, cultural references,
pictures, and roles?

DIFFERENTIAL FAMILIARITY/ELITISM

[

Does the material contain phrases, concepts, and beliefs that are irrelevant to testing
domain and are likely to be more familiar to specific groups that others?

Does the material require knowledge of individuals, events, or groups that is not familiar
to all groups of students?

Does the material suggest that affluence is related to merit or intelligence?

Does the material suggest that poverty is related to increased negative behaviors in
society?

Does the material use language, content, or context that is offensive to people of a
particular economic status?

Does success with the material assume that the test taker has experience with a certain
type of family structure?

Does the material favor one socioeconomic group over another?

Does the material assume values not shared by all test takers?

LINGUISTIC FEATURES/LANGUAGE ACCESSIBILITY/GRAPHICS

71 Is grammar and vocabulary used in the items clear, concise, and appropriate for the
intended grade level?

"1 Are passages at a difficulty level that is appropriate for the intended grade level?
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1 Do the illustrations and graphics embody all of the previously referenced LABS
Guidelines?

OTHER QUESTIONS TO CONSIDER
"1 Does the material favor one age group over others except in a context where experience
or maturation is relevant?

'] Does the material use language, content, or context that is not accessible to one or more
of the age groups tested?

"1 Does the material contain language or content that contradicts values held by a certain
culture?

Does the material favor one racial or ethnic group over others?

Does the material degrade people based on physical appearance or any physical,
cognitive, or emotional challenge?

"1 Does the material focus only on a person’s disability rather than portraying the whole
person?

"1 Does the material favor one religion and/or demean others?
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Exhibit A-3. An Overview of Interaction Types
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IAT Interactions

Interaction Types

N

Item Writer Training Materials A-10 Idaho State Department of Education



Idaho Standards Achievement Test in Science 2022—-2023 Technical Report: Volume 2

Selected Response Interactions

* Selected Response interactions provide response options and the student
selects the response(s). SR interaction types include:
® Multple Choice (MC)
® Multi-Select (MS)

. * Table Match (M) -
® Editing Task Choice (ETC)

. Flot Text (FIT)

These interactions are more accessible to all students!

 — — _— . R — ‘
- -~
N
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Multiple Select Example

pre—

The hawksbill sea turtle builds nests on Hawaiian beaches. Female turtles lay their eggs in the nests. About two months later, the
baby turtles hatch and crawl across the beaches to the ocean. Over the years, scientists have noticed a drop in the number of baby
turtles making it to the ocean.

Select the three observations that could explain the drop in the turtle population.
. ' Adult turtles get caught in nets.
| | DBaby turtles crawl quickly from the nests.

[] Food left on the beach attracts predators of the turtles.

[] The turtles mistake bright lights for the moon.

! Turtles eat plastic floating in the ocean.
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The cause of
day and
night

The length
of a year
The cause of
the seasons

Table Match (MI) Example

Students use a large yellow ball and a small green ball to model the sun and Earth. They use the balls to explain the cause of day
and night, to model the length of a year, and to explain the cause of the seasons.

Select each box to identify which movements of the balls are needed to explain each phenomenon.

+ You can select more than one box for each statement.

<

= 5

Large yellow ball is stationary, Large yellow ball is stationary,
while small green ball spins. while small green ball is tilted.

S

Large yellow ball is stationary,
while small green ball moves
around it.

[
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Editing Task Choice (ETC) Example

Click on each blank box and select the words or phrases to complete the sentence describing Earth’s
movement in space.

Earth is tilted on its | | and revolves aroundlZl_ This movement takes one |:|

and causes | |

Click on each blank box and select the words or phrases to complete the sentence describing Earth’s
movement in space.

Earth is tilted on its | land revolves around | |. This movement takes one |:]
and causes | | [Mars |

[the moon |
the sun

J
>’f‘| ';"«
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Hot Text (HT draggable) Example

A list of natural events is shown.

Click and drag the natural evenis to classify each natural event as either a fast or slow process that could shape and
reshape Earth’'s surface.

Fast and Slow Processes

A glacier melts, depositing sediment.

A mountain side collapses, causing a landslide.
A tsunami pushes sediment inland.

An earthquake causes a crack along a road.
Waves carve an arch in a sea cliff.

Wind weathers a rock.

U
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Hot Text (HT selectable) Example

—
—_—

. A list of natural events that could shape and reshape Earth’s surface is shown. -

Click on each process below that happens slowly.

» A glacier melts, depositing sediment.

* A mountain side collapses, causing a landslide.
* A tsunami pushes sediment inland.

* An earthquake causes a crack along a road.

* Waves carve an arch in a sea cliff.

* Wind weathers a rock.
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Machine Scored Constructed Response Interactions

* Machine Scored Constructed Response interactions require
scoring logic or a machine rubric within the interaction. MSCR
interaction types include:

* Equation Editor (EQ)

* Table Interaction (TT)
. * Gud Interaction (GI) .

* Simulation (Sim)

* Natural Language (NL)
* Editing Task (ET)
* Word Builder (WB)

These interactions are less accessible to all students!

“ N
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Equation Editor (EQ) Example

Directions: Read the question and enter your answer in the box.

You are investigating the density of two samples of liquids.

Y B | Y 8 |
50— 50—
40— 40— e
= = B e S o Ve o,
] = St (s LG et )
30— 30—}
20— 20—
10— 10—
[ 5 C
Sample A Sample B
How much more liquid, in milliliters, is in Sample B than in Sample A?
e Use the keypad to type your answer in the space provided.

Milliliters
[ SIS T le -}
Gz)s]
[a]s]e]
(7)e]e]
(=]
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Table Input (TT) Example

The table shows how weathering and erosion change a location on Earth's surface.

Enter numbers 1—4 into the table to show the order in which the changes occurred. Use 1 for the change that occurred first and use
4 for the change that occurred last.

E—
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S e L g )

Grid Interaction (GI D&D) Example

© D

A class investigates whether heavier
objects fall faster than lighter objects.

A basketball with a mass 600 g and a
baseball with a mass 145 g are set up
to be released at the same time from
the same height as shown in the
“Before Release” diagram.

még
g

The balls are released at the same
time and fall partway to the ground as
shown in the “After Release” diagram.

A. Place the baseball on the gray
dashed line to show where it
would be in relation to the
basketball.

B. Place the correct label in the
“Type of Force” box to identify the
force that the students are testing.

After Release
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Connect Line ™

Earth, the sun, and the orbital path of
the moon are shown.

A. Using the "Connect Line” tool,
draw two lines between blue dots
that show where Earth’s shadow
can cause a total lunar eclipse
(an eclipse of the moon).

. Place the moon at a position in its
orbit where a total lunar eclipse
can be seen from Earth.

= The lines should begin at the blue
dots around the sun and end at the
blue dots on the right side of Earth.

= Only one line should be drawn from
a particular point.

= Not all of the blue dots need to
have lines between them.
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T O

Grid Interaction (GI Click up/Add Arrow) Example

G CIEES

Students investigate how the direction
of light affects plant growth. They
grow three plants in individual Experimental Setup
cardboard boxes using light from
lamps. The picture shows the growth
of Plant 1 with light coming from
directly above the plant.

Plant 1

A

The students want to set up Plant 2
and Plant 3 with a light source to
complete the investigation.

A, Click on one blank circle for Plant
2 and one blank circle for Plant 3
to show the direction of the light
source for each plant to complete
the investigation.

B. Use the Add Arrow button to draw
an arrow showing the predicted
growth of Plant 2 and Plant 3
brxsed on the light source on each
plant.

= Draw only one arrow for Plant 2.

Draw only one arrow for Plant 3.

= There may be more than one
coarract answer.
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Students are studying different kinds of plants and the conditions that they
grow in. They have planted four kinds of young plants.

Design and run an expenment that will show the effects of different
amounts of sunlight and water on the plants

Amount of Waier
Amountof Uoht (Bt Sun 3]

Simulation (SIM Nonscoring) Example

1

13

Which of the plants would grow bestin a desernt environment?
® Agave

8 Fermn

¢ Moss

o Rose

14

Which two kinds of plants could grow in the same environment based on the data from the experiment?

A Agave and fern
8 Fernand moss
¢! Moss and rose

o Rose and agave

BEmounicl Woler  FEmouniofLight  Fgove [ioss [ose e | s -
- ] Afseutdeni records some notes in a notebook during the experiment. Some of the notes are observations and some are
mnféerences,
Select a box to identify whether each note is an cbservation or an inference
Observation Inference
Agave is a desert plant. [ [
No type of fern can survive in direct sun. [ [
The rese did not grow taller in the shade. [ O
The fern turned brown when there was little water. [ [
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Simulation (SIM Scoring) Example

Circuit Component (Light Bub %]

Mystery Component (Mystery Component 1 &

Students conducted a variety of [
experiments to understand how
electricity flows to create light.

Il

eirewit Componant hystery Componsnt JObssrvations

Design and run experiments to
identify the effect of Mystery
Component 4 on the other circuit
components
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Natural Language (NL) Example

The picture shows a manatee.

A State one observation that can be made about the manatee from this picture. Be
sure to identify it as an observation.

B. State one inference thatcan be made about the manatee from this picture. Be
sure to identify it as an inference.

Type your answer in the space provided.

W,
I"E"ﬁ‘
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Selected Response (SR) Interactions

Selected Response interactions provide response options and the student selects the response(s).

SR Interaction Type Task Demands that can be Assessed
Multiple Choice (MC) Identity, Choose, Select, Label
Multi Select (MS) Identify, Choose, Select, Label
. Table Match (MI) Classify, Categorize, Organize, Rank, Sort, Sequence -
i Tk s () | s Gt g St S, Comprs, Ll oot
Hot Text Selectable (HT) Highlight, Identify, Select, Choose

Item Writer Training Materials
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MSCR interaction types include:

Machine Scored Constructed Response (MSCR) Interactions

Machine Scored Constructed Response interactions require scoring logic or a machine rubric within the interaction.

Machine Scored Constructed
Response Interaction Type

Task Demands that can be Assessed

Equation Editor (EQ)

Calculate, Mathematically describe /represent/model, Identify

. Table Input (TT)
Grid Interaction (GI)

Calculate, Sequence, Identify, Organize, Chart -

Graph, Model, Represent, Show;, Create

Simulation Interaction (Sim)

Investigate, Experiment, Observe, Gather/collect data, Model

Natural Language (NL)

Describe, Compare, Summarize, Explain

Editing Task (ET)

Correct

Word Builder (WB)

Identity

Item Writer Training Materials
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Introduction

This document presents cluster specifications for use with the Next Generation Science Standards (NGSS). These
standards are based on the Framework for K-12 Science Education. The present document is not intended to replace
the standards, but rather to present guidelines for the development of items and item clusters used to measure those
standards.

The remainder of this section provides a very brief introduction to the standards and the framework, an overview of the
design and intent of the item clusters, and a description of the cluster specifications that follow. The bulk of the
document is composed of cluster specifications, organized by grade and standard.

Background on the framework and standards
The Framework for K-12 Science Education are organized around three core dimensions of scientific understanding. The
standards are derived from these same dimensions:

e Disciplinary Core Ideas: The fundamental ideas that are necessary for understanding a given science discipline.
The core ideas all have broad importance within or across science or engineering disciplines, provide a key tool
for understanding or investigating complex ideas and solving problems, relate to societal or personal concerns,
and can be taught over multiple grade levels at progressive levels of depth and complexity.

e Science and Engineering Practices: The practices are what students DO to make sense of phenomena. They are
both a set of skills and a set of knowledge to be internalized. The SEPs reflect the major practices that scientists
and engineers use to investigate the world and design and build systems.

e Cross-Cutting Concepts: These are concepts that hold true across the natural and engineered world. Students
can use them to make connections across seemingly disparate disciplines or situations, connect new learning to
prior experiences, and more deeply engage with material across the other dimensions. The NGSS requires that
students explicitly use their understanding of the CCCs to make sense of phenomena or solve problems.

e There is substantial overlap between and among the three dimensions. For example, the cross-cutting concepts
are echoed in many of the disciplinary core ideas. The core ideas are often closely intertwined with the
practices. This overlap reflects the nature of science itself. For example, we often come to understand and
communicate causal relationships by employing models to make sense of observations. Even within a
dimension, overlap exists. Quantifying characteristics of phenomena is important in developing an
understanding of them, so employing computational and mathematical thinking in the construction and use of
models is a very common scientific practice, and one of the cross-cutting concepts suggests that scientists often
infer causality by observing patterns. In short, the dimensions are not orthogonal.

The framework envisions effective science education as occurring at the intersection of these interwoven dimensions:
students learn science by doing science—applying the practices through the lens of the cross-cutting concepts to
investigate phenomena that relate to the content of the disciplinary core ideas.

[tem clusters

Each item cluster is designed to engage the examinee in a grade-appropriate, meaningful scientific activity aligned to a
specific standard.

Each cluster begins with a phenomenon, an observable fact or design problem that engages student interest and can be
explained, modeled, investigated, or designed using the knowledge and skill described by the standard in question.
What it means to be observable varies across practices. For example, a phenomenon for a performance expectation
exercising the analyze data practice may be observable through regularities in a data set, while standards related to the
development and use of models might be something that can be watched, seen, felt, smelled, or heard.

What it means to be observable also varies across grade levels. For example, elementary-level phenomena are very
concrete and directly observable. At the high school level, an observation of the natural world may be more abstract--for
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example, “observing” changes in the chemical composition of cells through the observation of macroscopic results of
those changes on organism physiology, or through the measurement of system- or organ-level indications.

Content limits refine the intent of the performance expectations and provide limits on what may be asked of items in
the cluster to structure the student activity. The content limits also reflect the disciplinary core ideas learning
progressions that are present in the K-12 Framework for Science Education.

The task or goal should be explicitly stated in the stimulus or the first item in the cluster: statements such as “In the
questions that follow, you will develop a model that will allow you to identify moons of Jupiter,” or “In the questions
below, you will complete a model to describe the processes that lead to the steam coming out of the teapot.”

Whereas item clusters have been described elsewhere as “scaffolded,” they are better described as providing structure
to the task. For example, some clusters begin with students summarizing data to discover patterns that may have
explanatory value. Depending on the grade level and nature of the standard, items may provide complete table shells or
labeled graphs to be drawn, or may require the student to choose what to tabulate or graph. Subsequent items may ask
the student to note patterns in the tabulated or graphed data and draw on domain content knowledge to posit
explanations for the patterns.

These guidelines for clusters do not appear separately in the specifications. Rather, they apply to all clusters.

Structure of the cluster specifications

The item cluster specifications are designed to guide the work of item writers and the review of item clusters by
stakeholders.

Each item cluster has the following elements:

e The text of the performance expectations, including the practice, core idea, and cross-cutting concept.

e Content limits, which refine the intent of the performance expectations and provide limits of what may be asked
of examinees. For example, they may identify the specific formulae that students are expected to know or not
know.

e Vocabulary, which identifies the relevant technical words that students are expected to know, and related
words that they are explicitly not expected to know. The vocabulary included in both sections (Students are
Expected to Know and Students Are Not Expected to Know) were developed after the reviews of standards at
the current/preceding grades, the original NGSS documentation, and item writer reference documentation
including the Children Writers’ Word Book and ED Core Vocabularies in Reading, Mathematics, Science and
Social Studies. All vocabulary included in the specifications was reviewed and edited by teacher committees
during the specification reviews by states. Of course, the latter category should not be considered exhaustive,
since the boundaries of relevance are ambiguous, and the list is limited by the imagination of the
writers/reviewers.

e Sample phenomena, which provide some examples of the sort of phenomena that would support effective item
clusters related to the standard in question. In general, these should be guideposts, and item writers should
seek comparable phenomena, rather than drawing on those within the documents. Novelty is valued when
applying scientific practices.

e Task demands comprise the heart of the specifications. These statements identify the types of items and
activities that item writers should use, and each item written should be clearly linked to one or more of the
demands. The verbs in the demands (e.g., select, identify, illustrate, describe) provide guidance on the types of
interactions that item writers might employ to elicit the student response. We avoid explicitly identifying
interaction types or item formats to accommodate future innovations and to avoid discouraging imaginative
work by the item writers. All task demands should be aligned to a minimum of one of the three dimensions
(DCI, SEP and CCCs) and across task demands within a cluster, all three dimensions must be addressed.
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e For each cluster we present, the printed documentation includes the cluster, the task demands represented by
each item, and its linkage to the content, practice and cross-cutting concept identified in the performance
expectation.

Item cluster specifications follow, organized by domain and standard.
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Performance
Expectation

3-PS2-1
Plan and conduct an investigation to provide evidence of the effects of balanced and unbalanced
forces on the motion of an object.

Dimensions

Cause and Effect

e Cause and effect
relationships are
routinely identified.

Planning and Carrying | PS2.A: Forces and Motion

Out Investigations e Each force acts on one particular object and

e Plan and conduct an has both strength and a direction. An object
investigation at rest typically has multiple forces acting on
collaboratively to it, but they add to give zero net force on the
produce data to object. Forces that do not sum to zero can
serve as the basis for cause changes in the object’s speed or
evidence, using fair direction of motion. (Boundary: Qualitative
tests in which and conceptual, but not quantitative addition
variables are of forces are used at this level.)
controlled and the
number of trials
considered.

PS2.B: Types of Interactions
e Objects in contact exert forces on each other.

Clarifications
and Content
Limits

Clarification Statements
e Examples could include an unbalanced force on one side of a ball can make it start moving,
and balanced forces pushing on a box from both sides will not produce any motion at all.

Content Limits
e Assessment is limited to gravity being addressed as a force that pulls objects down.
e Assessment is limited to one variable at a time: number, size, or direction of forces.
e Assessment does include normal force, but not by name or magnitude.
e Assessment does not include quantitative force size, only qualitative and relative.

Science
Vocabulary
Students are
Expected to

Strength, direction, speed, gravity, net, sum, weight (physical).

Students are
Not Expected

Know
Science Velocity, acceleration, mass, friction, vector, quantitative, relative, scale, weight (mass e gravity),
Vocabulary Newtons, normal force.

to Know
Phenomena
Context/ Example Phenomena for 3-PS2-1:
Phenomena e Kids of the same size and strength play a game of tug of war. When the same number of kids

are on each side, a ribbon tied to the rope does not move. When more kids are on one side,
the rope moves in that direction.

e A ball rests on the ground, unmoving. When it is gently kicked, it moves slowly in the
direction it was kicked. When it is kicked harder, it moves more quickly in the direction it
was kicked.

e A box is sitting in the center of a table. Strings attached to the left and right sides of the box
hang over the sides of the table. Identical weights can be attached to the end of these strings.

e Aflat track with posts and rubber bands on either ends of the track. The student can pull a
car back different distances to gather data.

Item Specifications
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This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Assemble, complete, or identify, from a collection including distractors, the essential components of an
investigation that studies balanced and unbalanced forces on an object at rest and/or in motion.

2. ldentify the variables in the investigation that are held constant and which are changing, and define important
factors in the design including number of trials, methods, and techniques.

3. Identify the observations that should be collected in an investigation of an object’s motion to determine the
forces on the object and the causes of those forces.

4. Observe, collect, and record data from observations of the forces acting on an object at rest and/or in motion
after forces of different strengths and/or directions are applied, including both balanced and unbalanced
forces.*

5. Identify from a list, including distractors, the effects of forces on an object’s motion and the cause of those
forces.

6. Make predictions about the effects of changes in the motion of an object given specific forces. Predictions can
be made by manipulating components of the investigation, completing illustrations, or selecting from lists
with distractors.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

3-PS2-2
Make observations and/or measurements of an object’s motion to provide evidence that a pattern
can be used to predict future motion.

Dimensions

PS2.A Forces and Motion

e The patterns of an object’s
motion in various situations can
be observed and measured;
when that past motion exhibits a
regular pattern, future motion
can be predicted from it.

Patterns

e Patterns of change
can be used to make
predictions.

Planning and Carrying Out

Investigations

* Make observations and/or
measurements to produce data to
serve as the basis for evidence for
an explanation of a phenomenon
or to test a design solution.

Clarifications
and Content
Limits

Clarification Statements
e Examples of motion with a predictable pattern could include a child swinging in a swing, a ball
rolling back and forth in a bowl, and two children on a seesaw.

Content Limits
e Technical terms, such as magnitude, velocity, momentum, and vector quantity, are not
introduced at this level, but the concept that some quantities need both size and direction
to be described is developed.
e Students do not need to know: Newton’s laws of motion, Law of Conservation of Energy

Science
Vocabulary
Students Are
Expected to
Know

Speed, distance, height, time, mass, force, gravity, electrical field, static electricity, distribution of
charged particles, electrical charge, negatively charged, positively charged, neutrally charged,
magnetic field, polarity (magnetic), North pole, South pole, attraction, repulsion, electromagnet.

Science Frequency, amplitude, displacement, equilibrium position, oscillate, momentum, velocity, vector,
Vocabulary elastic collision, inelastic collision, friction, acceleration of gravity, work, power, controlled variable,
Students Are dependent variable, independent variable, kinetic energy, potential energy
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 3-PS2-2:
Phenomena e Aboyand agirl play on a swing set. In 10 tries, the girl cannot get the boy to swing higher

than the height she released him.

e A ball can be thrown farther when a person launches the ball from a plastic ball thrower
rather than from his/her bare hand.

e A marbleis rolled down a slide. It takes five seconds for the marble to reach the bottom of
the slide. The same marble is rolled down another slide. This time, it takes the marble two
seconds to reach the bottom of the slide.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Identify the output data that should be collected in an investigation of an object’s motion.

2. Make and/or record observations about an object’s motion as it repeats a pattern over time.

Item Specifications
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3. Generate or construct graphs, tables, assemblages of illustrations and/or labels of data that highlight
patterns, trends, or correlations in the pattern of an object’s motion. This may include sorting out
distractors.*

4. Summarize data to highlight trends, patterns, or correlations in the motion of an object.

5. Use relationships identified in the data to predict/infer the future motion of an object.*

6. ldentify patterns or evidence in the data that supports predictions/inferences about an object’s future
motion.*

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

3-PS2-3

Ask questions to determine cause and effect relationships of electric or magnetic interactions
between two objects not in contact with each other.

Dimensions

Asking Questions and

Defining Problems

o Ask questions that
can be investigated

based
such a
effect

Cause and Effect

e Cause and effect
relationships are
routinely identified,
tested, and used to
explain change.

PS2.B: Types of Interactions

e Electric and magnetic forces between a pair of
objects do not require that the objects be in
contact. The sizes of the forces in each situation
depend on the properties of the objects and
their distances apart and, for forces between
two magnets, on their orientation relative to
each other.

on patterns
s cause and
relationships.

Clarifications
and Content
Limits

Clarification Statements

Content Limits

Examples of an electric force could include the force on hair from an electrically charged
balloon and the electrical forces between a charged rod and pieces of paper; examples of a
magnetic force could include the force between two permanent magnets, the force
between an electromagnet and steel paperclips, and the force exerted by one magnet
versus the force exerted by two magnets.

Examples of cause and effect relationships could include how the distance between objects
affects strength of the force and how the orientation of magnets affects the direction of the
magnetic force.

Assessment is limited to forces produced by objects that can be manipulated by students,
and electrical interactions are limited to static electricity. Limit to strictly qualitative
observations.

Limit content to ask questions about how electric and magnetic objects interact, and the
investigation of these phenomena within the scope of the classroom.

Students should be able to identify the direction of the force, but not the shape of the
magnetic or electric field.

Science
Vocabulary
Students are
Expected to
Know

Attraction, repulsion, north pole, south pole, positive charge, negative charge, static electricity.

Science
Vocabulary
Students are
Not Expected

Force fields, test charge, protons, neutrons, electrons, field gradients, insulator, conductor.

to Know
Phenomena
Context/ Example Phenomena for 3-PS2-3:
Phenomena e A balloon rubbed against a sweater attracts a whole grain oat O-shaped cereal attached to a

string.

A magnet floats on top of another magnet when aligned correctly.

A magnet touching the underside of a glass table can move a piece of metal sitting above it
on top of the table.

Two opposite poled magnets suspended by strings in air will levitate.

Item Specifications
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This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands

1. Select or identify from a collection, questions that will help clarify the properties that are correlated with the
strength or direction of the forces in the phenomenon. In addition to plausible distractors, distractors may
also include non-testable (“nonscientific”) questions.*

2. Make and/or record observations about how the size of the forces, both magnetic and electric, depend on
different characteristics such as strength/orientation of the magnet, the amount of electric charge, materials,
etc.

3. Identify, describe, or select from a collection, characteristics, properties, features, and/or processes to be
manipulated or held constant, while gathering information to answer a well-articulated question about the
cause and effect relationships of electric or magnetic interactions.*

4. Select or describe conclusions relevant to the question posed which are supported by the data, especially
inferences about causes and effects, related to static electricity and/or magnetism.

5. Predict outcomes when properties or proximity of the objects are changed, given the inferred cause and
effect relationships, related to static electricity and/or magnetism.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
**TD1 and TD3 must be used together.
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Performance | 3-PS2-4
Expectation | Define a simple design problem that can be solved by applying scientific ideas about magnets.
Dimensions | Asking Questions and PS2.B: Types of Interactions

Defining Problems

¢ Define a simple problem
that can be solved
through the development
of a new or improved
object or tool.

e Electric and Magnetic forces between a pair of
objects do not require the objects to be in contact.
The sizes of the forces in each situation depend on
the properties of the objects and their distances
apart, and, for forces between two magnets, on
their orientation relative to each other.

Clarifications
and Content
Limits

Clarification Statements
e Examples of problems could include constructing a latch to keep a door shut and creating a
device to keep two moving objects from touching each other.

Content Limits

e Students only need to know the basics about magnets. They do not need to know about the
magnetic field and how it is shaped for different objects, etc.

e Students do not need to know how a magnet can magnetize other objects; they just need to
know that it does. For example, a paper clip is not magnetic but will be attracted to a magnet.
(The student does not need to know anything about magnetic domains.)

e Students do not need to know how electricity and magnetism are coupled (that moving
electrons create a magnetic field and that a changing magnetic field creates a current).

e Students do not need to know anything about magnets except that they can repel/attract each
other based on their orientation relative to each other.

Science
Vocabulary
Students Are
Expected to
Know

Magnetic, attraction, repulsion, non-contact force, pole, North Pole, South Pole, bar magnet.

Science
Vocabulary
Students Are
Not
Expected to
Know

Force fields, field gradients, conductor, orientation, magnetic field, exert, interaction,
electromagnetism.

Phenomena

Context/
Phenomena

Some example phenomena for 3-PS2-4:
e The shower leaks because the curtain is not secured to the bottom of the bathtub.
e Things continually fall out of a handbag because the latch is not secure.
e While working on a project, pencil shavings were dropped on the carpet and the vacuum may
not have cleaned them all up.
e Two carts used in experiments keep damaging each other when they collide.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Identify or assemble from a collection, including distractors, the relevant aspects of the problem that given
design solutions, if implemented, will resolve/improve.

Item Specifications
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2. Articulate, describe, illustrate, or select the relationships, interactions, and/or processes to be explained OR
to be used to solve the problem. This may entail sorting relevant from irrelevant information or features.

3. Express or complete a causal chain explaining how the repulsion or attraction of magnets will solve the
problem that has been identified. This may include indicating directions of causality in an incomplete model
such as a flow chart or diagram, or completing cause-and-effect chains.

4. Using given data, propose/illustrate/assemble a potential device (prototype) or solution.

5. Describe, identify, and/or select information needed to support an explanation about the proposed solution.
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Performance 3-LS1-1

Expectation Develop models to describe that organisms have unique and diverse life cycles but all have in
common birth, growth, reproduction, and death.
Dimensions Developing and Using | LS1.B: Growth and Development of Organisms | Patterns
Models e Reproduction is essential to the continued e Patterns of change
¢ Develop models to existence of every kind of organism. Plants can be used to make
describe and animals have unique and diverse life predictions.
phenomenon. cycles.

Clarifications Clarification Statements
and Content e Changes organisms go through during their lifetime form a pattern.
Limits
Content Limits

e Assessment of plant life cycles is limited to those of flowering plants.

e Assessment does not include details of human reproduction.

e Students do not need to know: the alternation of generations life cycle, the human

reproductive system, mitosis and meiosis.

Science Adult, growth, parent, pollen, offspring, structure, feature, trait, young, root, stem, leaf/leaves,
Vocabulary seed, flower, petal
Students Are
Expected to
Know
Science Organism, breed, transfer, development, germination, reproductive system, cell, tissue, egg,
Vocabulary fertilize, genetic, unicellular, multicellular, specialized cell, cell division, variation, juvenile,
Students Are metamorphosis, chrysalis, pupa, spores, pistil, stamen, ovary, anther, filament, sepal, receptacle,
Not Expected ovule, stigma, style.
to Know

Phenomena
Context/ Some example phenomena for 3-LS1-1:
Phenomena e Avyoung moth builds a soft case around it called a cocoon and a young butterfly builds a

hard case called a chrysalis.
e Avyoung ladybug looks very different from an adult ladybug.
e Plants and animals both form eggs.
e A pea planted in the ground grows into a new pea plant.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Select the components needed to model the phenomenon. Components might include stages of life cycles
such as birth, growth, reproduction, and death.

2. Assemble or complete an illustration or flow chart that is capable of representing the patterns in life cycles of
different types of organisms.

3. Manipulate the components of a model to demonstrate the changes, properties, processes and/or events
that act to result in a phenomenon.

4. Make predictions about the effects of changes in life cycles on organisms. Predictions can be made by
manipulating model components, completing illustrations, or selecting from a list with distractors.
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5. Given models or diagrams of life cycles, identify relevant components such as birth, growth, reproduction,
and death, and how the life cycles are different in each scenario.

6. ldentify missing components, relationships, or other limitations of the model of a life cycle.

7. Describe, select, or identify the relationships among components of a model that describe the patterns of life
cycles among different organisms.
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Performance 3-LS2-1

Expectation Construct an argument that some animals form groups that help members survive.
Dimensions Engaging in Argument LS2.D: Social Interactions and Group Cause and Effect
from Evidence Behavior e Cause and effect
e Construct an ¢ Being part of a group helps animals obtain relationships are
argument with food, defend themselves, and cope with routinely identified and
evidence, data, changes. Groups may serve different used to explain change.
and/or a model. functions and vary dramatically in size.

Clarifications Clarification Statements

and Content e Focus is on how being part of a group helps animals obtain food, defend themselves, and
Limits cope with changes, and does not cover how group behavior evolved as a result of a survival
advantage.

Content Limits
e Assessment does not include the evolution of group behavior.
e Students do not need to know: social hierarchy in animal groups (pecking order, dominance,
submissive, altruism).

Science Environment, prey, predator, characteristic, habitat, species, herd, inherit, trait, diet, mate, parent
Vocabulary
Students Are
Expected to
Know
Science Organism, social, relative, predation, hereditary, harmful, beneficial, variation, probability,
Vocabulary adaptation, decrease, increase, behavioral, variation, ecosystem, pecking order,
Students Are dominance/submissive behavior, hierarchy, migrate, defend.
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 3-LS2-1:
Phenomena ¢ In Yellowstone National Park, a wolf preys on a much larger bison.

In the Willamette Valley, a colony of beavers builds a dam.
e A colony of ants protects its nests.
e A male honey bee returns to a hive each day.
This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Identify patterns or evidence in the data that support inferences and/or determine relationships about the
effect of group membership on survival of an animal.

2. Understand and generate simple bar graphs or tables that document patterns, trends, or relationships
between group membership and survival.

3. Sort observations/evidence into those that appear to support or not support an argument.

4. Based on the provided data, identify or describe a claim regarding the relationship between survival of an
animal and being a member of a group.

5. Identify, summarize, select or organize given data or other information to support or refute a claim regarding
the relationship between group membership and survival of an animal.*
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6. Using evidence, explain the relationship between group membership and survival.*

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

3-1S3-1
Analyze and interpret data to provide evidence that plants and animals have traits inherited from
parents and that variation of these traits exists in a group of similar organisms.

Dimensions

Patterns

o Similarities and
differences in
patterns can be
used to sort and
classify natural
phenomena.

Analyzing and LS3.A: Inheritance of Traits

Interpreting Data e Many characteristics of organisms are inherited from

e Analyze and their parents.
interpret data to
make sense of
phenomena using
logical reasoning.

LS3.B: Variation of Traits
o Different organisms vary in how they look and function
because they have different inherited information

Clarifications
and Content
Limits

Clarification Statement
e Patterns are the similarities and differences in traits shared between offspring and their
parents, or among siblings.

Content Limits
e Emphasis is on organisms other than humans.
e Assessment does not include genetic mechanisms of inheritance and prediction of traits,
including concepts of dominant/recessive traits or sex-linked traits.
e Assessment is limited to non-human examples.
e Graphs and charts can include bar graphs, pictographs, pie charts, tally chart.
e Types of math can include simple fractions, simple addition/subtraction.

Science
Vocabulary
Students are
Expected to
Know

Parent, sibling, characteristic, offspring, parent-offspring similarity, feature, inherit, inherited
characteristic, reproduce

Science
Vocabulary
Students are
Not Expected

Transfer, variation, allele, hereditary information, identical, Punnett square, transmission, gene,
genetic, genetic variation, dominant trait, recessive trait.

to Know

Phenomena
Context/ For this performance expectation the phenomena are sets of data. Those are the observed facts that
Phenomena students will look at to discover patterns. Below, we enumerate some of the patterns that might

comprise the data sets (phenomena) to be analyzed.

Example Phenomena for 3-LS3-1:

e Two corn plants in a garden reproduce. In the next generation, the offspring vary in height.
(Augmentation: We will provide a data table displaying each member of the subsequent
generation and the relevant trait possessed.)

e Over a four-year period, the offspring of two tall blueberry plants always grow taller than
the offspring of two nearby short blueberry plants. (Augmentation: We will provide a data
table of the number of offspring of each plant height over a four-year period, correlated
with the parent plants.)

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

Item Specifications
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1. Organize or summarize data to highlight trends, patterns, or correlations between the traits of offspring and
those of their parents and/or siblings.*

2. Generate graphs or tables that document patterns, trends, or correlations in inheritance of traits.*

3. Identify patterns or evidence in the data that support inferences about inheritance of traits from parents to
offspring.*

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance 3-LS3-2
Expectation Use evidence to support the explanation that traits can be influenced by the environment.
Dimensions Constructing LS3.A: Inheritance of Traits Cause and Effect

¢ Cause-and-
effect
relationships
are routinely
identified and
used to explain
change.

e Other characteristics result from individuals’
interactions with the environment, which can range
from diet to learning. Many characteristics involve
both inheritance and environment.

explanations and

designing solutions

e Use evidence
(e.g.,
observations,
patterns) to
support an
explanation.

LS3.B: Variation of Traits
e The environment also affects the traits that an
organism develops.

Clarifications
and Content
Limits

Clarification Statements
e Examples of the environment affecting a trait could include normally tall plants that are
grown with insufficient water and are stunted; and, a pet dog that is given too much
food and little exercise and becomes overweight.

Content Limits
e Assessment should focus on physical traits.
e Content should not include human traits.

Science
Vocabulary
Students Are
Expected to
Know

Offspring, feature, inherit, diet, survival, flood, drought, habitat, reproduce

Science Organism, variation, version, harmful, beneficial, increase, decrease, trend
Vocabulary
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 3-LS3-2:
Phenomena e The arctic fox is white in winter but turns brown in the summer.

e Flamingoes are born gray, but some become very pink as they grow.
e Trees growing on the edge of cliffs are often bent.
e A goldfishin a pond grows larger than one in a fish bowl.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Describe or select the relationships, interactions, or processes to be explained. This may entail sorting
relevant from irrelevant information or features.

2. Express or complete a causal chain explaining that traits can be influenced by the environment. This may
include indicating directions of causality in an incomplete model such as a flow chart or diagram, or
completing cause-and-effect chains.

3. Identify evidence supporting the inference of causation that is expressed in a causal chain.

Item Specifications
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4. Use an explanation to predict changes in the trait of an organism given a change in environmental
factors.

5. Describe, identify, and/or select information needed to support an explanation of environmental
influence on traits.
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Performance
Expectation

3-154-1
Analyze and interpret data from fossils to provide evidence of the organisms and the environments
in which they lived long ago.

Dimensions

Analyzing and

Interpreting Data

¢ Analyze and interpret
data to make sense of
phenomena using
logical reasoning,
mathematics, and/or
computation.

LS4.A: Evidence of Common Ancestry and

Diversity

e Some kinds of plants and animals that once
lived on Earth are no longer found
anywhere.

e Fossils provide evidence about the types of
organisms that lived long ago and also about
the nature of their environments.

Scale, Proportion, and

Quantity

e Observable
phenomena exist
from very short to
very long periods.

Clarifications
and Content
Limits

Clarification Statements

e Examples of data could include type, size, and distributions of fossil organisms.

e Examples of fossils and environments could include marine fossils found on dry land,
tropical plant fossils found in Arctic areas, and fossils of extinct organisms.

e Focus is on the fossils and environment in which the organisms lived, not how the fossils got
to where they are today.

e Data can be represented in tables and/or various graphic displays.

e Data collected by different groups can be compared and contrasted to discuss similarities
and differences in their findings.

Content Limits
e Assessment does not include identification of specific fossils or present plants and animals.
e Assessment is limited to major fossil types and relative ages.
e Graphs and charts can include bar graphs, pictographs, pie charts, and tally charts.
e Types of math can include simple addition/subtraction.
e Standard units that can be used to measure and describe physical quantities such as weight,
time, temperature, and volume.

Science Exist, existence, ecosystem, characteristic, habitat, species, volcanic eruption, climate, extinct,
Vocabulary extinction, predator, time period, earthquake, erosion, weathering.
Students Are
Expected to
Know
Science Chronological order, fossil record, radioactive dating, descent, ancestry, evolution, evolutionary,
Vocabulary genetic, relative, rock layer.
Students Are
Not Expected
to Know
Phenomena
Context/ For this performance expectation, the phenomena are sets of data. Those are the observed facts
Phenomena that students will look at to discover patterns. Below, we enumerate some of the patterns that

might comprise the data sets (phenomena) to be analyzed.

Some example phenomena for 3-L54-1:
e Fossil trees are found in sedimentary rocks in Antarctica.
e The Redwall Limestone in the Grand Canyon contains many different fossils including corals,
clams, octopi, and fish.

Item Specifications
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e Whale fossils have been found in rocks in the Andes Mountains.
e Fossils of corals and snails are found in lowa.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Organize or summarize data to highlight trends, patterns, or correlations between plant and animal fossils and
the environments in which they lived.

2. Generate graphs or tables that document patterns, trends, or correlations in the fossil record.

3. Identify evidence in the data that supports inferences about plant and animal fossils and the environments in
which they lived.
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Performance
Expectation

3-L54-2

Use evidence to construct an explanation for how the variations in characteristics among individuals
of the same species may provide advantages in surviving, finding mates, and reproducing.

Dimensions

Constructing Explanations

and Designing Solutions

e Use evidence (e.g.,
observations, patterns) to
construct an explanation.

Cause and Effect

e Cause and effect
relationships are routinely
identified and used to
explain change.

LS4.B: Natural Selection

e Sometimes the differences in
characteristics between individuals
of the same species provide
advantages in surviving, finding
mates, and reproducing.

Clarifications
and Content
Limits

Clarification Statements

Examples of cause and effect relationships could be: plants that have larger thorns than
other plants may be less likely to be eaten, and animals that have better camouflage
coloration than other animals may be more likely to survive and therefore more likely to
leave offspring.

Content Limits

Differences between individuals helping or hurting chances of survival and reproduction
should be included.

Data sets can include not only common trends but also outliers and anomalous data points.
Analysis of data should be limited to patterns and trends.

Students are not expected to evaluate the extent at which the sample is representative of a
population.

Students do not need to know: Mechanisms or patterns of inheritance, detailed life cycles.

Science
Vocabulary
Students are
Expected to
Know

Variation, advantage, reproduce, relationship, mating, breeding, behavior, plumage, pollination,
camouflage.

Science
Vocabulary
Students are
Not Expected

Natural

and artificial selection, evolution, genetics, adaptation,

to Know
Phenomena
Context/ Some example phenomena for 3-L54-2:
Phenomena e The same species of walking stick in California has two different color variations. The green

walking sticks are found on bushes with thick green leaves, whereas the striped walking
sticks are found on bushes with needle-like leaves.

In a given population, there are more male [X Bird] with larger, brighter feathers in the
population than males with smaller, muted feathers.

Acacia trees that are browsed upon by X animal grow longer thorns at X height. Acacia trees
that are browsed upon by Y animal grow longer thorns at Y height. Acacia trees that are not
browsed upon at all do not grow longer thorns.

lo moths use eyespots on their inner wings to frighten predators away. Larger eyespots are
more effective.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
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Task Demands
1. Articulate, describe, illustrate, or select the variations of characteristics to be explained. This may entail
sorting relevant from irrelevant information or features.

2. ldentify evidence supporting the conclusion that the variations in characteristics among individuals of the
same species may provide advantages in surviving, finding mates, and reproducing.

3. Describe, identify, and/or select information needed to support an explanation that a characteristic provides
advantages in surviving and reproducing.

4. Select or identify a prediction about survival or reproduction rates given a change in a characteristic. The
prediction should follow from an explanation or causal relationship supported in earlier items.

5. Identify additional evidence that would help clarify, support, or contradict a hypothesized relationship
between characteristics of individuals and their chances of survival and reproductive rates.

6. Express or complete a causal chain that explains how different characteristics among individuals of the same
species provide advantages in survival and reproduction. This may include indicating directions of causality in
an incomplete model such as a flow chart or diagram or completing cause and effect chains.*

7. Use evidence to construct an explanation for differences in survival and/or reproduction given a difference in
traits between individuals of the same species.*

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

3-L54-3

Construct an argument with evidence that in a particular habitat some organisms can survive

well, some survive less well, and some cannot survive at all.

Dimensions

Engaging in Argument

from Evidence
e Construct an

argument with

evidence.

LS4.C: Adaptation

e For any particular environment,
some kinds of organisms survive
well, some survive less well, and
some cannot survive at all.

Cause and Effect

e Cause and effect
relationships are routinely
identified and used to
explain change.

Clarifications
and Content
Limits

Clarification Statements

e Examples of evidence could include needs and characteristics of the organisms and
habitats involved. The organisms and their habitat make up a system in which the parts

depend on each other.

Content Limits

e While students are not expected to know the definitions to vocabulary terms such as
extinction, climate, and mimic, they are expected to know the general concepts behind
these terms.

e Students do not need to know: mechanisms of natural selection and evolution of

species.

Science
Vocabulary
Students Are
Expected to
Know

Habitat, health, species, population, region, resource, behavior, growth, petal, thorn, structure,

characteristics, mate, trait.

e Black bears survive the harsh winter months of their forest habitats by going into a deep

sleep.

e The artic fox is better able to survive in colder climates than the red fox.
e Emperor penguins have special traits which help them survive in Antarctica.

Science Organism, threaten, impact, terrestrial, climate change, response, body plan, external, function,
Vocabulary internal, invertebrate, adaptation, beneficial change, detrimental change, species diversity,
Students Are gene, variation, artificial selection, natural selection.
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 3-L54-3:
Phenomena e Desert plants are able to survive where there is little to no rain.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Organize or summarize data to highlight trends, patterns, and/or determine relationships between the
traits of an organism and survival in its environment.

2. Understand and generate simple bar graphs or tables that document patterns, trends, or relationships
between traits of an organism and its survival in a particular environment.

3. Identify patterns or evidence in the data that supports inferences about characteristics of an organism and
those of its environment.

Item Specifications
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4. Based on the provided data, identify or describe a claim regarding the relationship between the
characteristics of an organism and survival in a particular environment.*

5. Evaluate the evidence to sort relevant from irrelevant information regarding survival of an organism in a
particular environment.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

3-154-4
Make a claim about the merit of a solution to a problem caused when the environment changes and
the types of plants and animals that live there may change.

Dimensions

Engaging in Argument | LS2.C: Ecosystem Dynamics, Functioning, and Resilience

from Evidence e When the environment changes in ways that affect a

e Make a claim about place’s physical characteristics, temperature, or
the merit of a availability of resources, some organisms survive and
solutionto a reproduce, others move to new locations, yet others
problem by citing move into the transformed environment, and some
relevant evidence die. (secondary)
about how it meets
the criteria and
constraints of the
problem.

Systems and

System Models

e A system can
be described
in terms of its
components
and their
interactions.

LS4.D: Biodiversity and Humans

e Populations live in a variety of habitats and change in
those habitats affects the organisms living there.

Clarifications
and Content
Limits

Clarification Statements
e Examples of environmental changes could include changes in land characteristics, water
distribution, temperature, food, and other organisms.

Content Limits
e Assessment is limited to a single environmental change.
e Assessment does not include the greenhouse effect or climate change.
e Students do not need to know: greenhouse effect, ultraviolet (UV) radiation, nuclear
disasters.

Science
Vocabulary
Students Are
Expected to
Know

Population, organism, community, habitat, resource, reproduce, shelter, temperature, matter,
predator, prey, flood, frost, tide

Science Ecosystem, biotic, abiotic, food web, producer, consumer, decomposer, photosynthesis, pollinate,
Vocabulary adapt, energy flow, biosphere, sustain, predation, mutualism, carrying capacity, volcano,
Students Are earthquake, drought, arid, blight.
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 3-LS4-4
Phenomena e To help ornamental bushes grow, no other plants should grow in their immediate vicinity.

e Before stocking a lake with fish, the lake pollution needs to be reduced.
e A late frost threatens the orange groves in Georgia.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Articulate, describe, illustrate, or select the relationships, interactions, and/or processes involved when the
types of plants and/or animals change as a result of environmental changes. This may entail sorting relevant
from irrelevant information or features.

2. ldentify a problem that results when the types of plants and/or animals change as a result of environmental
changes.

Item Specifications
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3. Express or complete a causal chain explaining a solution to problem that results when the types of plants
and/or animals change as a result of environmental changes. The causal chain should include the ecosystem
before the environmental change, the environmental change, the problem to plants and animals resulting
from the environmental change, the solution to the problem, and the effect(s) of the solution on the
ecosystem. This may include indicating directions of causality in an incomplete model such as a flow chart or
diagram, or completing cause-and-effect chains.*

4. Identify and/or evaluate evidence related to a solution to a problem caused when the types of plants and/or
animals change as a result of environmental changes. The evidence may support or refute the solution, or
students may identify missing evidence.

5. Evaluate a solution to a problem that results when the types of plants and/or animals change as a result of
environmental changes, including how the solution may affect plants, animals, and/or other aspects of the
ecosystem.*

6. Identify information or data needed to support or refute a claim regarding a problem resulting from an
environmental change affecting the native plants and animals.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance 3-ESS2-1

Expectation Represent data in tables and graphical displays to describe typical weather conditions expected
during a particular season.
Dimensions Analyzing and Interpreting ESS2.D: Weather and Climate Patterns
Data e Scientists record patterns of the e Patterns of change can
¢ Represent data in tables and weather across different times and be used to make
various graphical displays areas so that they can make predictions.
(bar graphs and pictographs) predictions about what kind of
to reveal patterns that weather might happen next.
indicate relationships.

Clarifications Clarification Statements
and Content e Examples of data could include average temperature, precipitation, and wind direction.
Limits
Content Limits

o Assessment of graphical displays is limited to pictographs and bar graphs.

e Assessment does not include climate change.

e Students do not need to know: probabilities or how to calculate them, fronts and pressure

systems, the movements of weather systems.

Science Season, weather, temperature, precipitation, patterns, average, latitude, longitude
Vocabulary
Students Are
Expected to
Know
Science Probability, anthropogenic change
Vocabulary
Students Are
Not Expected
to Know

Phenomena

Context/ Some example phenomena for 3-ESS2-1:

Phenomena e Vienna, Austria, records more sunny days in the summer than in the winter. Data: Average
sunshine hours by month for the city, given as a table or graph.

e People in Florida can often go outside without jackets during the winter. Data: Months
and Temperatures for Florida, given as table or graph.

e Visitors to the desert in Death Valley, California, were surprised to be rained on. Data:
Months and Precipitation Averages for the region given as table or graph.

e Flags in California’s San Joaquin Valley are seen blowing to the SE for most of the year, but
are seen blowing to the NW in winter months. Data: Monthly average wind direction (and
maybe speed) for the region, given as a table or graphic with wind direction arrows.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Organize and/or arrange (e.g., using illustrations and/or labels), or summarize data to highlight trends,
patterns, or correlations in weather patterns.*

2. Generate/construct graphs, tables, or assemblages of illustrations and/or labels of data that document
patterns, trends, or correlations in weather patterns. This may include sorting out distractors.*
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3. Use relationships and patterns identified in the data to predict weather.

4. ldentify patterns or evidence in the data that support conclusions about weather. **

*denotes those task demands which are deemed appropriate for use in stand-alone item development.
**TD4 can be used for stand-alone item development if paired with TD2.
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Performance 3-ESS2-2
Expectation Obtain and combine information to describe climates in different regions of the world.
Dimensions Obtaining, Evaluating, and ESS2.D: Weather and Climate Patterns

Communicating Information

¢ Obtain and combine information from
books and other reliable media to
explain phenomena.

e Climate describes a range of an
area’s typical weather conditions
and the extent to which those
conditions vary over years.

e Patterns of change
can be used to
make predictions.

Clarifications
and Content
Limits

Content Limits
e Students do not need to know: complex interactions that cause weather patterns and
climate, the role of the water cycle in weather.

Science
Vocabulary
Students Are
Expected to
Know

Prediction, precipitation, glacier, ocean, region, climate, vegetation, latitude, longitude, drought,
temperature, freeze, atmosphere.

Science Average, high pressure, low pressure, air mass, altitude, humidity, radiation, water cycle.
Vocabulary
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 3-ESS2-2:
Phenomena e Anchorage, Alaska has cool summers and very cold winters with a lot of snowfall.

e |t often snows in Colorado in July, but it does not often snow in Kansas in July.

e On the western side of the Cascade Mountains of Oregon, it rains frequently, but on the
eastern side, it does not.

e The temperature in London, England does not get very hot in summer or very cold in winter.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Organize and/or arrange data (including labels and symbols) regarding the climates in different regions to
highlight/identify trends or patterns, or make comparisons/contrasts between different regions and/or
climatically relevant aspects of their geology and/or geography.*

2. Generate or construct tables or assemblages of data (including labels and symbols) that document the
similarities and differences between climates of different regions (this includes completing incomplete maps).

3. Analyze and interpret scientific evidence (including textural and numerical information as well labels and
symbols) from multiple sources (e.g., texts, maps, and/or graphs) that help identify patterns in weather in
regions of different climate. This includes communicating the analysis or interpretation.*

4. Analyze and interpret patterns of information on maps (including textural and numerical information as well
labels and symbols) to explain, infer, or predict patterns of weather over time in a region.*

5. Based on the information that is obtained and/or combined, identify, assert, describe, or illustrate a claim
regarding the relationship between the location of a region and its climate, or the relationship between
geological and/or geographical aspects/characteristics of a region and its climate.*

6. Use spatial and/or temporal relationships identified in the obtained and/or combined climate data to predict
typical weather conditions in a region.
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7. Organize and/or arrange data regarding the climate of a region to highlight/identify trends or relationships
between the weather patterns of a region and its geology and/or geography.

8. Analyze and interpret scientific evidence (including textural and numerical information as well labels and
symbols) from multiple sources (e.g., texts, maps, and/or graphs) that helps identify patterns in climate based
on geography and/or geology. This includes communicating the analysis or interpretation.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

3-ESS3-1
Make a claim about the merit of a design solution that reduces the impacts of a weather-related
hazard.

Dimensions

Cause and Effect

e Cause-and-effect
relationships are
routinely identified,
tested, and used to
explain change.

ESS3.B: Natural Hazards

e A variety of natural hazards result
from natural processes. Humans
cannot eliminate natural hazards
but can take steps to reduce their
impacts.

Engaging in Argument from Evidence

e Make a claim about the merit of a
solution to a problem by citing
relevant evidence about how it
meets the criteria and constraints of
the problem.

Clarifications
and Content
Limits

Assessment Clarifications
e Examples of design solutions to weather-related hazards could include barriers to prevent
flooding, wind resistant roofs, and lighting rods.

Science
Vocabulary
Students Are
Expected to
Know

Natural process, earthquake, tsunami, tornado, flooding, severe weather, coastal erosion, landslide,
avalanche, dams, levees, lightning, lightning rod, forecast, drought.

Science Fault line, names of clouds, names of storms, magma, types of volcanoes, low pressure, high
Vocabulary pressure systems, El Nifio, La Nifa, jet stream.
Students Are
Not Expected
to Know
Phenomena
Context/ For this performance expectation, phenomena should refer to hazard and one or more design
Phenomena solutions.

Some example phenomena for 3-ESS3-1:

e A building with a lightning rod is struck by lightning more often than the surrounding
buildings.

e When the water level of the Feather River was high in February 2017, the water never rose
higher than the levees around it, and no flooding occurred. When the water level of the
Russian River was high in February 2017, the surrounding area flooded.

e A house built near the ocean in Surfside, New Jersey, sits on stilts/posts.

e Abasement in a building fitted with a sump pump does not have mold while the basements
of other nearby buildings have mold.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Identify or assemble from a collection, including distractors, the relevant aspects of the hazard that a given
design solution resolves/improves.

2. Using the given information, select or identify the criteria against which the design solution should be judged.

3. Using given information, select or identify constraints that the design solution must meet.

4. ldentify missing components, relationships, or other limitations of the design solution.
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5. Use an explanation to predict the outcome of a hazard given a change in the design solution.

6. Make a claim about the merit of the design solution that can be defended.
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Performance
Expectation

4-pS3-1

Use evidence to construct an explanation relating the speed of an object to the energy of that object.

Dimensions

Constructing Explanations and Designing

Solutions

e Use evidence (e.g., measurements,
observations, patterns) to construct an
explanation.

PS3.A: Definitions of

Energy

e The faster a given object
is moving, the more
energy it possesses.

Energy and Matter

e Energy can be transferred
in various ways and
between objects.

Clarifications
and Content
Limits

Content Limits

Assessment does not include quantitative measures of changes in the speed of an object or
on any precise or quantitative definition of energy.

Students are expected to know that energy can be expressed through sound, heat, light, and
motion.

Students do not need to know: Students do not need to know how to calculate speed, the
change in speed (acceleration), or energy. This standard is limited to making strictly
qualitative or comparative observations.

Science
Vocabulary
Students Are
Expected to
Know

Volume

, collision, heat transfer, spring (coil), forms of energy (sound, heat, light, motion), conservation
of energy, stored energy, energy transfer, gravity.

Science Potential energy, kinetic energy, thermal energy, acceleration, velocity.
Vocabulary
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 4-PS3-1:
Phenomena e One drum can be used to produce loud or quiet percussion sounds.

A small bouncing basketball sounds louder than a large bouncing basketball.
Damage caused during a high-speed collision is greater than when speeds are slower.
A ceramic bow! dropped from a greater height will have a larger debris pattern.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Articulate, describe, illustrate, or select the relationships, interactions, and/or processes to be explained. This
may entail sorting relevant from irrelevant information or features.**

2. Express or complete a causal chain explaining that changes in energy and speed are related. This may include
indicating directions of causality in an incomplete model such as a flow chart or diagram, or completing cause-
and-effect chains.*

3. Identify evidence supporting the inference of causation that is expressed in a causal chain.

4. Use an explanation to predict how the speed of an object changes given a change in energy or how the
expression of energy will change given a change in speed.

5. Describe, identify, and/or select information needed to support an explanation.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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**TD 1 should only be used if paired with TD2. TD 2 can be used alone.
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Performance
Expectation

4-PS3-2

Make observations to provide evidence that energy can be transferred from place to place by
sound, light, heat, and electric currents.

Dimensions

Planning and

Carrying Out

Investigations

* Make
observations to
produce data to
serve as the
basis for
evidence for an
explanation of a
phenomena or
to test a design
solution.

PS3.A: Definitions of Energy
e Energy can be moved from place to place by moving
objects — or through sound, light, or electric currents.

PS3.B: Conservation of Energy and Energy Transfer

e Energy is present whenever there are moving objects,
sound, light, or heat. When objects collide, energy can be
transferred from one object to another, thereby changing
their motion. In such collisions, some energy is typically
also transferred to the surrounding air; as a result, the air
gets heated and sound is produced.

e Light also transfers energy from place to place.

e Energy can also be transferred from place to place by
electric currents, which can then be used locally to
produce motion, sound, heat, or light. The currents may
have been produced to begin with by transforming the
energy of motion into electrical energy.

Energy and

Matter

e Energy can be
transferred in
various ways
and between
objects.

Clarifications
and Content
Limits

Content Limits

e Assessment does not include quantitative measurements of energy.
e Identifying how energy is transferred (example: conduction vs. convection) is not part of this

PE.

e Students do not need to know: Students do not need to know how to do energy calculations.

This standard is limited to strictly making observations. Students should know that energy
can be given off as heat or light, but not specifics such as convection, thermal radiation, etc.

e Adrinking glass can be broken by a person singing a certain note.
e Afan (with blades angled at 45 degrees) will spin when placed safely over burning candles.
e Touching a Van der Graaf generator will make your hair stick up.

Science Collision, speed, flow, heat conduction, conversion.
Vocabulary
Students Are
Expected to
Know
Science Kinetic energy, potential energy, radiation, convection, transmission, reflection, decibels,
Vocabulary resonance, friction, hertz, electromagnetic radiation, magnitude, motion energy, electric circuit,
Students Are thermal, conservation of energy.
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 4-PS3-2:
Phenomena e Alight bulb can be powered using the motion of a hamster wheel.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands
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1. Identify the materials/tools needed for an investigation of how energy is transferred from place to place
through heat, sound, light, or electric currents.

2. Identify the data that should be collected in an investigation of how energy is transferred from one place to
another through heat, sound, light, or electric currents.

3. Make and/or record observations about the transfer of energy from one place to another via heat, sound,
light, or electric currents.**

4. Interpret and/or communicate the data from an investigation.**

5. Select, describe, or illustrate a prediction made by applying the findings from an investigation.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
**TD3 and TD4 must be used together.
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Performance 4-PS3-3
Expectation Ask questions and predict outcomes about the changes in energy that occur when objects collide.
Dimensions Asking Questions | PS3.A: Definitions of Energy Energy and
and Defining e Energy can be moved from place to place by moving objects | Matter
Problems or through sound, light, or electric currents. e Energy can be
e Ask questions transferred in
that can be PS3.B: Conservation of Energy and Energy Transfer various ways
investigated e Energy is present whenever there are moving objects, and between
and predict sound, light, or heat. When objects collide, energy can be objects.
reasonable transferred from one object to another, thereby changing

their motion. In such collisions, some energy is typically also
transferred to the surrounding air; as a result, the air gets
heated and sound is produced.

outcomes based
on patterns
such as cause-
and-effect

relationships. PS3.C: Relationship Between Energy and Forces

e When objects collide, the contact forces transfer energy so
as to change the objects’ motions.

Clarifications
and Content
Limits

Clarification Statements
e Emphasis is on the change in the energy due to the change in speed, not on the forces, as
objects interact.

Content Limits
e Assessment does not include quantitative measurements of energy.
e Students do not need to know: names of energy types, how to calculate energy or forces

Science
Vocabulary
Students Are
Expected to
Know

Electric currents, speed, flow, conversion, motion, magnets, magnetism, heat conduction.

Science Kinetic energy, potential energy, friction, force fields, vector, magnitude, elastic, inelastic.
Vocabulary
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 4-PS3-3:
Phenomena e Alarge wave crashes into the cliffs of Etretat and some rocks are knocked loose. A small

wave then crashes into the cliffs.

e A person hits a nail with a hammer and the nail is driven into a board. The person swings the
hammer again, but misses the nail.

e A person walks down a hallway. The sound of their shoes on the floor can be heard many
feet away. The person then runs down the hallway.

e Abowler rolls a ball down a lane. It slams into the pins and knocks several of them down.
After the pins are reset, the bowler rolls the ball down the lane again. The ball misses and
knocks down no pins.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands
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1. Select or identify from a collection, including distractors, questions that will help clarify the properties that are
correlated with the changes in energy that occur in the phenomenon. In addition to distractors that are
plausible responses, distractors may include non-testable (“nonscientific”) questions.

2. Identify, describe, or select from a collection, including distractors, characteristics to be manipulated or held
constant while gathering information to answer a well-articulated question.

3. Select or describe conclusions relevant to the question posed and supported by the data, especially
conclusions about causes and effects.

4. Predict outcomes when properties or proximity of the objects are changed, given the inferred cause-and-
effect relationships.

5. Describe, identify, gather, and/or select information needed to identify patterns that can be used to predict
outcomes about the changes in energy.
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Performance
Expectation

4-PS3-4
Apply scientific ideas to design, test, and refine a device that converts energy from one form to
another.

Dimensions

Constructing

Explanations and

Designing

Solutions

® Apply scientific
ideas to solve
design
problems.

PS3.B: Conservation of Energy and Energy Transfer

e Energy can also be transferred from place to place by
electric currents, which can then be used locally to
produce motion, sound, heat, or light. The currents may
have been produced to begin with by transforming the
energy of motion into electrical energy.

Energy and

Matter

e Energy can be
transferred in
various ways
and between
objects.

PS3.D: Energy in Chemical Processes and Everyday Life

e The expression “produce energy” typically refers to the
conversion of stored energy into a desired form for
practical use.

ETS1.A: Defining Engineering Problems

e Possible solutions to a problem are limited by available
materials and resources (constraints). The success of a
designed solution is determined by considering the
desired features of a solution (criteria). Different
proposals for solutions can be compared on the basis of
how well each one meets the specified criteria for success
or how well each takes the constraints into account.

Clarifications
and Content
Limits

Clarification Statements
e Examples of devices could include electric circuits that convert electrical energy into motion
energy of a vehicle, light, or sound; and, a passive solar heater that converts light into heat.
Examples of constraints could include the materials, cost, or time to design the device.

Content Limits
e Devices should be limited to those that convert motion energy to electric energy or use
stored energy to cause motion or produce light or sound.

Science Magnetic, motion, speed, conservation, gravitational, battery, conversion, properties, chemical.
Vocabulary
Students Are
Expected to
Know
Science Mass, net force, velocity, relative position, constant speed, direction of motion, direction of a force,
Vocabulary deceleration, independent, economic, control, impact, inertia, Newton’s laws (1st, 2nd, 3rd),
Students Are stationary, frame of reference, potential energy, mechanical energy, kinetic energy, conserve,
Not Expected relative, chemical energy.
to Know

Phenomena
Context/ Engineering practices are built around meaningful design problems rather than phenomena. For this
Phenomena performance expectation, a design problem and associated competing solutions will replace

phenomena.

Some examples of design problems for 4-PS3-4:
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e Afront door does not have an alarm. Any alarm that is added needs to be heard in the back
hallway.

e A person hiking on a hot day needs to take a fan to stay cool. The fan must be small so that
it does not add to the weight of the hiker’s pack but must also last the entire hike.

e The water in a house is heated with electricity purchased from a power company. A decision
is made to instead heat the water using electricity generated with solar panels on the roof.
The water heater must heat enough water to meet the needs of the home but the cost of
installation and/or maintenance cannot exceed the family’s budget.

e A motoris added to a toy car for a race. The motor must be able to move the car across a
room at a high speed.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Express or complete a causal chain explaining how energy can be transferred via electric current to produce
light, sound, heat, and/or motion. This may include indicating directions of causality in an incomplete model
such as a flow chart or diagram, or completing cause-and-effect chains.
2. ldentify evidence supporting the inference of causation that is expressed in a causal chain.

3. Use an explanation to predict how the motion, sound, heat, or light of an object changes, given a change in
electrical energy—or, how the expression of energy will change, given a change in the conversion of stored
energy.

4. ldentify or assemble from a collection, including distractors, the relevant aspects of the problem that given
design solutions, if implemented, will resolve/improve. The design solution must convert energy from one
form to another within the content limits.

5. Using given information, select or identify constraints that the device that converts energy from one form to
another must meet OR criteria against which it should be judged.

6. Using given information, design, propose, illustrate, assemble, test, or refine a potential device (prototype)
that converts energy from one form to another.
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Performance
Expectation

4-PS4-1
Develop a model of waves to describe patterns in terms of amplitude and wavelength, and that waves
can cause objects to move.

Dimensions

Patterns

e Similarities and
differences in
patterns can be

Developing and PS4.A: Wave Properties

Using Models = Waves, which are regular patterns of motion, can be

¢ Develop a model made in water by disturbing the surface. When waves
using an analogy, move across the surface of deep water, the water goes

example, or up and down in place; there is no net motion in the used to sort,
abstract direction of the wave except when the water meets a classify, and
representation to beach. analyze simple
describe a = Waves of the same type can differ in amplitude (height rates of change for
scientific of the wave) and wavelength (spacing between wave natural

principle. peaks). phenomena.

Clarifications
and Content
Limits

Clarification Statements
e Examples of models could include diagrams, analogies, and physical models using wire to
illustrate wavelength and amplitude of waves.
e Acceptable clusters may include: amplitude and wavelength, motion of an object, or both.

Content Limits
e Limited to physically visible mechanical waves.
e Assessment does not include interference effects, electromagnetic waves, non-periodic waves,
or quantitative models of amplitude and wavelength.
e Examples of objects being moved by waves are limited to up and down motion. Horizontal
motion is above grade level due to the other factors involved.
e Don’t directly reference energy. Energy is addressed in 4-PS3.
e Students do not need to know:
o Types of waves: sound, light, non-periodic, compression
o Particle movement
o Quantitative models
o Behaviors of waves: absorption, reflection, refraction, transmission, interactions with
different materials (angle of incidence, amount of reflection or absorption, light being
refracted into colors). Reflection is limited to the concept. How waves are reflected and
the details of reflection (as well as other behaviors) are covered in MS-PS4-2.
o Wave calculations
o Motion of objects in the ocean due to ocean currents

Science
Vocabulary
Students Are
Expected to
Know

Crest, trough, peak, rate, property, medium, period

Science Electromagnetic, compression, particle, transmission, seismic wave, radio wave, microwave, infrared,
Vocabulary ultraviolet, gamma rays, x-rays, angle of incidence, concave, convex, diffraction, constructive
Students Are | interference, destructive interference, resonance, refraction, absorption, reflection, pitch, sound
Not Expected | wave, light wave.
to Know
Phenomena
Context/ ‘ Some example phenomena for 4-PS4-1:
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Phenomena e A boat floating in the ocean is tied to a pier. The boat rises and falls with the waves.

e Two students hold ends of a rope. One student lifts her end, and then drops it toward the
ground. The rope forms a wave that travels from that student to the other student.

e The sand waves on a windy beach get bigger and more pronounced over time. They are
regular and evenly spaced.

e Asurfer riding a wave stays up if she moves along the wave but falls as soon as she stops
moving.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Select or identify the components of a model that are needed to describe wave behavior, patterns of wave
creation, and/or the motion of objects carried on/by waves. Components might include the source, amplitude,
frequency, and/or wavelength.

2. Manipulate the components of a model to demonstrate properties, processes, and/or events that result in the
patterns of wave behavior that are identified in the phenomenon. These patterns of wave behavior can include
creation and replication of waves.

3. Describe, select, or identify the relationships among components of a model that describe wave behavior,
patterns of wave creation, and/or the motion of objects carried on or by a wave.

4. Given a model of waves, illustrate the way in which the wave changes to yield a given result (more movement,
less movement) and/or identify the result based on changes to the wave.

5. Make predictions about the effects of changes in model components (e.g., energy of wave source, distance
from wave source), the amplitude or wavelength of a wave, or motion of objects affected by the wave. ltem
writer: Do not directly reference the energy of the wave source. Instead, show the speed and size of the object
causing the wave, etc.
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Performance
Expectation

4-PS4-2
Develop a model to describe that light reflecting from objects and entering the eye allows objects to
be seen.

Dimensions

Cause and Effect

e Cause-and-effect
relationships are routinely
identified.

Developing and Using

Models

¢ Develop a model to
describe phenomena.

PS4.B: Electromagnetic Radiation

o An object can be seen when light
reflected from its surface enters the
eyes.

Clarifications
and Content
Limits

Content Limits
e Assessment does not include:
o knowledge of specific colors reflected and seen;
o the cellular mechanisms of vision;
o how the retina works.

Science
Vocabulary
Students Are
Expected to
Know

Energy, light ray, reflection, reflective, surface

Science Particle, transmission, angle of incidence, angle of reflection, concave, convex, diffraction,
Vocabulary constructive interference, destructive interference, refraction, absorption, wave, field, illuminate,
Students Are diffuse reflection, specular reflection, spectrum, prism.
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 4-PS4-2:
Phenomena e A person can see a cat in the mirror. The cat is otherwise hidden from view.

e A performance is being watched by a person. Another person stands up and blocks the view.

e Aflashlight is pointed at a door in a dark room. The door is the only object seen in the room.

e The surface of a lake is very still. The reflection of a tree on the bank can be seen on the
lake’s surface.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Identify the components needed to model the phenomenon. Components might include the light, the light
source, the object, the path the light follows, and the eye.

2. Complete an illustration or flow chart that is capable of representing how light reflecting from objects and
entering the eye allows objects to be seen. This does not include labeling an existing diagram.

3. Manipulate the components of a model to demonstrate the changes, properties, processes, and/or events
that act to result in the phenomenon.

4. Make predictions about the effects of changes in the model, particularly using mirrors, changing positions of
light sources, objects, and the eye. Predictions can be made by manipulating model components, completing
illustrations, or selecting from lists with distractors.

5. Identify missing components, relationships, or other limitations of the model.

6. Describe, select, or identify the relationships among components of a model that describe how light reflecting
from objects and entering the eye allows objects to be seen.
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Performance 4-PS4-3

Expectation Generate and compare multiple solutions that use patterns to transfer information.

Dimensions Constructing PS4.C: Information Technologies and Instrumentation | Patterns
Explanations and e Digitized information can be transmitted over long e Similarities
Designing Solutions distances without significant degradation. High-tech and

® Generate and
compare multiple
solutions to a

devices, such as computers or cell phones, can
receive and decode information—convert it from
digitized form to voice—and vice versa.

differences in
patterns can
be used to sort

problem, based on and classify
how well they meet ETS1.C: Optimizing the Design Solution designed
the criteria and e Different solutions need to be tested in order to products.

constraints of the
design solution.

determine which of them best solves the problem,
given the criteria and the constraints.

Clarifications
and Content
Limits

Clarification Statements
e Examples of solutions could include:
e drums sending coded information through sound waves;
e using a grid of 1’s and 0’s, representing black and white, to send information about
a picture;
e using Morse code to send text.

Content Limits
e Students do not need to know:
o the different parts of the electromagnetic spectrum (visible, microwave, x-ray, radio
wave, etc.);
binary coding or how it works;
that light is made up of an electric and magnetic field;
transverse vs. longitudinal waves;
how information gets encoded,;
how different forms of communicating information work (Morse code vs. something
like a telephone).

O O O O O

Science
Vocabulary
Students Are
Expected to
Know

Amplitude, wavelength, reflect, vibrate, vibration, absorb, properties, sound wave, wave,
communicate, electricity, coded, Morse code, digital, store, transfer, convert.

Science Light emission, light refraction, transmit, wave peaks, light wave, electromagnetic, frequency,
Vocabulary radiation, wave packet, light scattering, light transmission, electric field, magnetic field, photon,
Students Are radio wave, x-ray, binary, electron, pixel, CCD, transverse, longitudinal.
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 4-PS4-3:
Phenomena e InJuly 2015, the New Horizons Space Probe flew past Pluto. The space probe is tasked with

taking detailed pictures of Pluto so that scientists on Earth can study its features. However,
the spacecraft can only send sequences of numbers back to Earth.
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e A man wants to send an urgent message to his wife who is a long distance away. It would
take too long to drive to his wife and deliver the message himself. The only way he can
communicate is through an electrical wire that is set up between the two locations.

e Two people want to communicate a number 1 through 10 over a large distance. They have
no telephones or other means of communication. They are close enough that they can see
or hear each other, however, a river separates them so they cannot reach each other.

e Two people want to communicate over a large distance. However, the power is out and so
they cannot use the telephone. All they have is a string that is stretched between their two
houses. Attached to the end of each string is a metal can. The messages they want to be
able to send consists of numbers 1 through 10.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Articulate, describe, illustrate, or select the relationships, interactions, and/or processes to be explained. This
may entail sorting relevant from irrelevant information or features.

2. Express or complete a causal chain explaining how each pattern is used to transmit information. This may
include indicating directions of causality in an incomplete model such as a flow chart or diagram, or
completing cause-and-effect chains.

3. Identify evidence supporting the inference of causation that is expressed in a causal chain.

4. Use an explanation to compare the two solutions and select which one is better for the transmitting of
information.

5. Describe, identify, and/or select information needed to support an explanation.
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Performance 4-L51-1

Expectation Construct an argument that plants and animals have internal and external structures that function
to support survival, growth, behavior, and reproduction.
Dimensions Engaging in Argument LS1.A: Structure and Function Systems and System Models
from Evidence ¢ Plants and animals have both e A system can be described in
e Construct an argument internal and external structures terms of its components and
with evidence, data, that serve various functions in their interactions.
and/or a model. growth, survival, behavior, and
reproduction.

Clarifications Clarification Statements
and Content e Examples of structures could include thorns, stems, roots, colored petals, heart, stomach,
Limits lung, brain, and skin.

Content Limits
e Assessment is limited to macroscopic structures within plant and animal systems.
e The student does not need to know about cellular structures like the nucleus,
mitochondria, the Golgi apparatus or the endoplasmic reticulum.
e The student does not need to know: about organ systems like the circulatory system,
reproductive system, or nervous system.

Science Brain, body, flow, flower, heart, lung, muscle, movement, grasp, habit, moisture, organization,
Vocabulary petal, predator, prey, roots, skin, stem, stomach, temperature
Students Are
Expected to
Know
Science Cell, detect, response, body plan, elastic, external, intellectual, internal, invertebrate, organ,
Vocabulary vertebrate, multicellular, stimulus, tissue, enzyme, xylem, phloem, parenchyma, and cambium
Students Are cells.
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 4-LS1-1:
Phenomena e Inafield of grass, a butterfly lands on one of the only red poppy flowers in sight.

e A manta ray has a flat circular body. Its fins spread out like wings from its body.
e A pelican can hold up to 3 gallons of water in its pouch.
e Astudent sees a hollow, brown copy of a cicada insect attached to the bark of a tree.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands

1. lIdentify evidence or patterns in the data that support inferences and/or determine relationships between a
particular structure of an organism and a function that supports survival, growth, behavior, and
reproduction.

2. Understand and generate simple bar graphs or tables to document patterns, trends, or relationships
between a particular structure of an organism and a function that supports survival, growth, behavior, and
reproduction.
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3. Sort observations/evidence into those that appear to support or not support an argument.

4. Based on the provided data, identify or describe a claim regarding the relationship between a structure of
an organism and a function that supports survival, growth, behavior, and reproduction.

5. Summarize or organize given data or other information to support or refute a claim regarding an organism’s
structure and its function.

6. Sort, tabulate, classify, separate, and/or categorize relevant from irrelevant information regarding an
organism’s structure and its function.
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Performance
Expectation

4-151-2
Use a model to describe that animals receive different types of information through their
senses, process the information in their brain, and respond to the information in different ways.

Dimensions

Developing and Using | LS1.D: Information Processing Systems and System Models

Models e Different sense receptors are specialized | e A system can be described

e Use a model to test for particular kinds of information, which in terms of its components
interactions may be then processed by the animal’s and their interactions.
concerning the brain. Animals are able to use their
functioning of a perceptions and memories to guide their
natural system. actions.

Clarifications
and Content
Limits

Clarification Statements
e Emphasis is on systems of information transfer.

Content Limits
e Assessment does not include the mechanisms by which the brain stores and recalls
information or the mechanisms of how sensory receptors function.

Science
Vocabulary
Students Are
Expected to
Know

Lens, vision, hearing, muscle, ear, middle ear, outer ear, inner ear, eardrum, response, habitat, eye,
lens, memory

Science Sensory, brain, cells, retina, pupil, saliva, salivary gland, vibration, cornea, iris, brainstem, consumer,
Vocabulary nerve, optic nerve, nerve cell, nerve tissue, nerve impulse, connecting nerve, nerve fiber, organ
Students Are system, reflex, reflex action, reaction time, cue.
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 4-LS1-2:
Phenomena e Abear cub in the woods cries out. Its mother immediately runs toward it.

e Adeer walks in the woods. It turns suddenly and moves off in a different direction. A few
minutes later, a skunk appears from the bushes.

e A catsits on a stone wall. A mouse appears at the base of a nearby tree. The cat springs
after the mouse.

e A hawk flies overhead. Suddenly, it dives toward the tall grass. A moment later, it returns to
the sky, a snake in its claws.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Select or identify from a collection of potential model components the components needed to model the
phenomenon. Components might represent organ systems or parts of a system needed for collection and/or
processing of sensory information.

2. Assemble or complete, from a collection of potential model components, an illustration or flow chart that is
capable of representing the flow and/or processing of sensory information in an animal. This does not include
labeling an existing diagram.
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3. Manipulate the components of a model to demonstrate the changes, properties, processes, and/or events
that act to result in the phenomenon.*

4. Given models or diagrams of the flow and/or processing of sensory information in an animal, identify
responses to sensory inputs and how they change in each scenario OR identify the properties of organs
and/or organ systems that allow animals to respond to sensory information.*

5. ldentify missing components, relationships, or other limitations of a model that shows the flow and/or
processing of sensory information in an animal.

6. Describe, select, or identify the relationships among components of a model that describe how sensory
information is processed or explain how an animal responds to sensory inputs.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

4-ESS1-1
Identify evidence from patterns in rock formations and fossils in rock layers to support an
explanation for changes in a landscape over time.

Dimensions

Constructing

Explanations and

Designing Solutions

e |[dentify the evidence
that supports particular
points in an explanation.

Patterns

e Patterns can be
used as evidence
to support an
explanation.

ESS1.C: The History of Planet Earth

e Local, regional, and global patterns of rock
formations reveal changes over time due to
Earth forces, such as earthquakes. The presence
and location of certain fossil types indicate the
order in which rock layers were formed.

Clarifications
and Content
Limits

Clarification Statement

Content Limits

Examples of evidence from patterns could include rock layers with marine shell fossils above
rock layers with plant fossils and no shells, indicating a change from land to water over time,
and a canyon with different rock layers in the walls and a river in the bottom, indicating that
over time a river cut through the rock.

Assessment does not include specific knowledge of the mechanism of rock formation or
memorization of specific rock formations and layers.

Assessment is limited to relative time.

Assessment does not include earthquakes—the clarification statement focuses on
geomorphology and landscape change through time. The focus is not on tectonics, despite
its mention in the DCI.

Science
Vocabulary
Students are
Expected to
Know

Weathering, erode, glacier, climate, fossil, landscape, shell, river, mountain, canyon, deposit,
marine.

Science
Vocabulary
Students are
Not Expected

Rock strata, ocean basins, glaciation, watersheds, geological, mountain chains, igneous rock,
metamorphic rock, sedimentary rock, terrestrial, aquatic.

to Know
Phenomena
Context/ Sample phenomena for 4-ESS1-1:
Phenomena e The rock walls on both sides of the Grand Canyon contain layers with marine fossils,

interspersed with layers containing terrestrial fossils.

Church Rock, New Mexico, is a very dry place far from the sea. However, exposures of rocks
in the area contain many fossils of marine organisms.

Axel Heiberg Island in the Canadian Arctic is too cold for trees to grow. However,
sedimentary rocks on the island preserve hundreds of fossil stumps from large evergreen
trees.

Sihetun, China, is dry and mountainous. Sedimentary rocks exposed in the area preserve
thousands of fish fossils. These sedimentary rocks are sandwiched between lava flow rocks.
There are no active volcanoes in this part of China.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands
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1. Describe, identify, and/or select evidence from patterns of rock formations and/or patterns of fossils in rock
layers to support the explanations of changes in the landscape over time.

2. Express or complete a causal chain explaining changes in patterns of fossils in rock layers.

3. ldentify patterns of rock formations and/or patterns of fossils in rock layers.
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Performance
Expectation

4-ESS2-1
Make observations and/or measurements to provide evidence of the effects of weathering or the
rate of erosion by water, ice, wind, or vegetation.

Dimensions

Planning and Carrying Out

Investigations

e Make observations and/or
measurements to produce
data to serve as the basis for
evidence for an explanation
of a phenomenon.

Cause and Effect

e Cause and effect
relationships are
routinely identified,
tested, and used to
explain change.

ESS2.A: Earth Materials and Systems

e Rainfall helps to shape the land and
affects the types of living things found
in a region. Water, ice, wind, living
organisms, and gravity break rocks,
soils, and sediments into smaller
particles and move them around.

Clarifications
and Content
Limits

Clarification Statement

Examples of variables to test could include: angle of slope in the downhill movement of
water, amount of vegetation, speed of wind, relative rate of deposition, cycles of freezing
and thawing of water, cycles of heating and cooling, and volume of water flow.

Content Limits

Students aren’t expected to know the flow of energy that causes the phenomena.
Assessment is limited to one form of erosion.

Assessment does not include chemical erosion.

Students do not need to know: Sedimentation, Earth’s interior, crystallization, minerals, the
rock cycle, dynamic forces, feedback interactions, constructive forces, or deformation.

Science
Vocabulary
Students are
Expected to
Know

Erosion, freeze, movement, cycle, weathering, ocean, sediment, vegetation, particle, earthquake,
volcanoes, thaw.

Science
Vocabulary
Students are
Not Expected

Composition, slope, continental boundaries, trench, minerals, plate tectonics, topography.

to Know
Phenomena
Context/ Some example phenomena for 4-ESS2-1:
Phenomena e Rocks in the bottom of a river are usually smooth, but the rocks sitting on the ground nearby

often have sharp edges and corners.

Near its start in Colorado, the bed of the North Platte River is covered with boulders. Some
five hundred miles away in Nebraska, the bed of the river is mostly sand.

New gullies appear in a gravel driveway after a heavy rain.

Over the course of a summer there is a series of major storms. At the end of the season, the
channel of a small stream running through a grassy park is significantly wider than it was
before the storms.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Identify the factors that affect weathering or the rate of erosion by water, ice, wind, or vegetation.
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2. ldentify from a list the materials/tools needed for an investigation of how wind affects the factors that affect
weathering or the rate of erosion by water, ice, wind, or vegetation.

3. Identify, among distractors, the outcome data that should be collected in the investigation.

4. Make and/or record observations about how input factors affect relevant outcomes while using fair tests in
which variables are controlled.*

5. Make or communicate the conclusions from the investigation. Conclusions will be causal relationships.**

*denotes those task demands which are deemed appropriate for use in stand-alone item development
**TD5 can be used ONLY if used in concert with TD4
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Performance 4-ESS2-2
Expectation Analyze and interpret data from maps to describe patterns of Earth’s features.
Dimensions Analyzing and ESS2.B: Plate Tectonics and Large-Scale System Patterns

Interactions

e The locations of mountain ranges, deep ocean
trenches, ocean floor structures, earthquakes, and
volcanoes appear in patterns. Most earthquakes
and volcanoes occur in bands that are often along
the boundaries between continents and oceans.
Major mountain chains form inside continents or
near their edges. Maps can help locate the different
land and water features areas of Earth.

Interpreting Data

¢ Analyze and
interpret data to
make sense of
phenomena using
logical reasoning.

e Patterns can be
used as evidence
to support an
explanation.

Clarifications
and Content
Limits

Clarification Statements
e Maps can include topographic maps of Earth’s land and ocean floor, as well as maps of the
locations of mountains, continental boundaries, volcanoes, and earthquakes.

Content Limits
e Students do not need to know: the tectonic processes that form Earth’s features.

Science
Vocabulary
Students Are
Expected to
Know

Earthquake, Earth’s surface, crust, volcanic eruption, region, barrier, global, local, physical
characteristic, ocean, force, landscape, mountain chain, mountain range, continental boundary, sea
floor, collide, properties, ocean trench, pressure, topographic map.

Science Geologic, impact, magnitude, frequency, sediment deposition, ancient, ocean basin, rock layer
Vocabulary movement, formation, continental shelf, deform, density, tectonic process, distribution, oceanic
Students Are crust, plate boundary/collision, seafloor spreading.
Not Expected
to Know

Phenomena
Context/ For this performance expectation, the phenomena are the patterns of features on maps that the
Phenomena student examines. These patterns can sometimes be described with simple statements as shown

below, but the actual phenomenon in each case is the pattern on the map. If descriptive
statements are used, writers must be careful not to give the pattern or the point of the cluster
away to the student.

Some example phenomena for 4-ESS2-2:

e There are active volcanoes in Alaska. There are no active volcanoes near Buffalo, New York.
(If this statement were to be used to describe the map, then the students task would have
to be something more than simply pointing out that there are volcanoes in Alaska and
none near Buffalo, such as figuring out that Alaska is closer to a tectonic plate boundary
than is New York.)

e Earthquakes occur often in western South America. Earthquakes almost never occur on the
eastern side of the continent. (If this statement were to be used to describe the map, then
the student’s task would have to be something more than simply pointing out that there
are earthquakes on the eastern side more often than the western, such as figuring out that
a plate boundary lies along the eastern coast of South America.)

e Many volcanoes are found in a ring around the Pacific Ocean. There are fewer found on the
edges of the Atlantic Ocean. (If this statement were to be used to describe the map, then
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the students task would have to be something more than simply pointing out that there
are many volcanoes around the Pacific and few around the Atlantic, such as figuring out
that tectonic plate boundaries surround the Pacific Ocean.)

e There are no mountain ranges in Kansas. There are many mountains in Washington State.
(If this statement were to be used to describe the map, then the students task would have
to be something more than simply pointing out that there are mountains in Washington
and none in Kansas, such as figuring out that Washington is closer to a tectonic plate
boundary than Kansas.)

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands

1. Organize, arrange, or summarize map data and/or symbols to highlight/describe patterns of geological
features on Earth’s surface.**

2. Generate/construct graphs, tables, or assemblages of illustrations and/or labels, of map data that document
patterns of geological features on Earth’s surface. This may include sorting out distractors.*

3. Use relationships identified in the presented map data to predict the location of geological features on
Earth’s surface, such as mountain ranges, volcanoes, earthquake foci, and deep ocean trenches.*

4. ldentify evidence or patterns in map data that support inferences about the patterns of geological features
on Earth’s surface.*

*denotes those task demands which are deemed appropriate for use in stand-alone item development
**TD1 may be used in combination with 2, 3, or 4 for stand-alone development.
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Performance
Expectation

4-ESS3-1
Obtain and combine information to describe that energy and fuels are derived from natural
resources and their uses affect the environment.

Dimensions

Cause and Effect

e Cause and effect
relationships are
routinely identified
and used to explain
change.

Obtaining, Evaluating, and ESS3.A: Natural Resources

Communicating Information | e Energy and fuels that humans use are

¢ Obtain and combine derived from natural sources, and their
information from books and use affects the environment in multiple
other reliable media to ways. Some resources are renewable
explain phenomena over time, and others are not.

Clarifications
and Content
Limits

Clarification Statements

e Examples of renewable energy resources could include:
o Wind energy
o Water behind dams
o Sunlight

e Examples of non-renewable energy resources are:
o fossil fuels
o fissile materials

e Examples of environmental effects could include:
o Loss of habitat due to dams
o Loss of habitat due to surface mining
o Air pollution from burning of fossil fuels

Content Limits

e The following things should be avoided:

o Casting fossil fuels in a negative light and alternative fuels in a positive light

Pros and cons of one energy source vs. another
Negative effects of extracting and burning coal
Negative effects of fracking
Cause and effect of acid rain
The term “global warming”
Students do not need to know: how natural resources are used to generate energy
(scientific specifics regarding how burning coal creates energy/how wind produces
energy etc.).

O O O O O O

Science
Vocabulary
Students are
Expected to

Recycle, reuse, coal, habitat, pollution, dam, population, atmosphere, oil, resource, fossil fuel,
renewable, nonrenewable, conservation

Students are
Not Expected

Know
Science Agricultural, biosphere, mineral, geological, hydrothermal, metal ore, organic, deposition,
Vocabulary petroleum, derive, extract, natural gas, oil shale, sustainability, tar sand

to Know
Phenomena
Context/ Some example phenomena for 4-ESS3-1
Phenomena e A npipeline is built to transport oil from one location to another. As the oil moves across the

landscape it leaks into a river along the way.
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e The Three Gorges dam was built along the Yangtze River in China to generate electricity. The
Chinese dove tree lives along the Yangtze River. Building the dam affected this tree.

e Several wind turbines are placed in a field to provide electricity to neighboring areas. To do
this, forest land had to be cut down to provide space for the wind turbines.

e Qil can be used to generate electricity. Oil can be found under the ocean. Seismic waves are
used to locate the oil. Because of this, 100 melon head whales were displaced off the coast
of Madagascar.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands

1. Organize and/or arrange (e.g., using illustrations and/or labels), or summarize data/information to highlight
trends, patterns, or correlations.

2. Express or complete a causal chain explaining how energy and fuel that are derived from natural resources
affect the environment. This may include indicating directions of causality in an incomplete model such as a
flow chart or diagram, or completing cause and effect chains.*

3. ldentify evidence supporting the inference of causation that is expressed in a causal chain.*

4. ldentify patterns or evidence in the data that supports inferences about the effects that the usage of certain
natural resources has on the environment.

5. Describe, identify, and/or Select information needed to support an explanation.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

4-ESS3-2
Generate and compare multiple solutions to reduce the impacts of natural Earth processes on
humans.

Dimensions

ESS3.B: Natural Hazards
e Avariety of hazards result from natural processes
(e.g., earthquakes, tsunamis, volcanic eruptions).

Cause and Effect
e Cause and effect
relationships are

Constructing
Explanations and
Designing Solutions

® Generate and Humans cannot eliminate the hazards but can take routinely
compare multiple steps to reduce their impacts. identified,
solutions to a problem tested, and used
based on how well ETS1.B: Designing Solutions to Engineering to explain
they meet the criteria | Problems change.

and constrains of the
design solution

e Testing a solution involves investigating how well it
performs under a range of likely condition
(secondary)

Clarifications
and Content
Limits

Clarification Statements
e Examples of solutions could include designing an earthquake resistant building and improving
monitoring of volcanic activity.

Content Limits
e Assessment is limited to earthquakes, floods, tsunamis, and volcanic eruptions.

Science
Vocabulary
Students are
Expected to
Know

Environment, nature, recycle, reuse, coal, habitat, pollution, dam, population, atmosphere, oil,
resource, fossil fuel, renewable, nonrenewable, conservation

Science
Vocabulary
Students are
Not Expected

Agricultural, biosphere, mineral, geological, hydrothermal, metal ore, organic, deposition, petroleum,
derive, extract, natural gas, oil shale, sustainability, tar sand

to Know

Phenomena
Context/ Engineering performance expectations are built around meaningful design problems rather than
Phenomena phenomena. In this case, the design problems involve reducing the impact of earthquakes, floods,

tsunamis, and volcanic eruptions on humans. For this performance expectation, the design problem
and competing solutions replace phenomena.

Example phenomena for 4-ESS3-2:
e Hurricanes generate high winds. Several building designs are being considered to construct
buildings that could withstand the force of the wind.
e Eyjafjallajokull is an active volcano in Iceland. In preparation for future volcanic activity,
several evacuation routes are being considered.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Organize and/or arrange (e.g., using illustrations and/or labels), or summarize data/information to highlight
trends, patterns, or correlations in data regarding human activity and natural hazards.
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2. Express or complete a causal chain explaining how humans can reduce the impact of natural hazards.

3. Identify evidence supporting the inference of causation that is expressed in a causal chain.

4. ldentify patterns or evidence in the data that supports inferences about the ways humans can reduce impacts
of natural hazards.

5. Use an explanation to compare the two solutions and select which one is better for addressing the problem of
the impact of natural hazards on humans and explain how well each solution meets the criteria and constraints
of the design solution.

6. Describe, select, or identify components of competing design solutions.
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Performance 5-PS1-1
Expectation Develop a model to describe that matter is made of particles too small to be seen.
Dimensions Developing and Using | PS1.A: Structure and Properties of Matter Scale, Proportion, and

Models e Matter of any type can be subdivided into Quantity

e Use models to particles that are too small to see, but even ¢ Natural objects exist
describe then the matter still exists and can be from the very small to
phenomena. detected by other means. A model showing the immensely large.

that gases are made from matter particles that
are too small to see and are moving freely
around in space can explain many
observations, including the inflation and shape
of a balloon and the effects of air on larger
particles or objects.

Clarifications
and Content
Limits

Clarification Statements

e Examples of evidence supporting a model could include adding air to expand a basketball,
compressing air in a syringe, dissolving sugar in water, and evaporating salt water.

Content Limits
e Assessment does not include the atomic-scale mechanism of evaporation and condensation
or the defining of the unseen particles.
e Students are expected to know that matter can neither be destroyed nor created.

Science
Vocabulary
Students Are
Expected to
Know

Substance, particle, solid, liquid, gas, vapor, steam, air, phase change, evaporate, boil, condense,
freeze, melt, dissolve, mixture, chemical reaction, energy.

Science Atom, compound, molecule, chemical bond, solution, homogenous, heterogeneous, colloid, solute,
Vocabulary solvent, precipitant, precipitate, reactant, product, air pressure, law of conservation of matter.
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 5-PS1-1:
Phenomena e Ahissing sound can be heard as a bicycle wheel deflates.

e Asour odor can be smelled from milk that has been kept too long (or expired).

e When you pump air out of a closed bottle that is partially filled with marshmallows, the
marshmallows expand in size. However, when you open the bottle, the marshmallows
shrink back to their original size.

e When you place a lit match into a glass bottle and a boiled egg is set on the bottle opening,
the egg eventually gets sucked into the bottle.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Select or identify from a collection of potential model components, including distractors, the components
needed to model the phenomenon. Components might include solid, liquid, or gas particles; particles of
different substances; and representations of particle movement.
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2. Assemble or complete — from a collection of potential model components — an illustration, flow chart, or
causal chain that is capable of representing the particle nature of matter. This does not include labeling an
existing diagram.

3. Manipulate the components of a model to demonstrate the changes, properties, processes, and/or events
that act to result in the phenomenon.

4. Make predictions about the effects of changes in the movements of, distances between, or phases of the
particles of matter under investigation. Predictions can be made by manipulating model components,
completing illustrations, or selecting from lists with distractors.

5. Provided with models or diagrams of the particles of matter under investigation, identify the properties of the
particles under investigation and how they change in each scenario. The properties of the particles may
include the relative motions of, distances between, and phases of the particles.

6. Describe, select, or identify the relationships among components of a model that explains the observed
effects of the particle nature of matter.
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Performance
Expectation

5-PS1-2
Measur

when heating, cooling, or mixing substances, the total weight of matter is conserved.

e and graph quantities to provide evidence that regardless of the type of change that occurs

Dimensions

Using Mathematics

and Computational

Thinking

e Measure and graph
guantities such as
weight to address
scientific and
engineering questions
and problems.

PS1.A: Structure and Properties of Matter

e The amount (weight) of matter is conserved
when it changes form, even in transitions in
which it seems to vanish.

Scale, Proportion, and

Quantity

e Standard units are used
to measure and
describe physical
guantities such as
weight, time,
temperature, and
volume.

PS1.B: Chemical Reactions

¢ No matter what reaction or change in
properties occurs, the total weight of the
substances does not change.

Clarifications
and Content
Limits

Clarification Statements

Content Limits

Examples of reactions or changes could include mixing, dissolving, and phase changes
that form new substances.

Assessment does not include distinguishing mass and weight.
Students do not need to know: structure of atoms, specific chemical equations.

Science
Vocabulary
Students Are
Expected to
Know

Weight, substance, matter, conservation, temperature, mixing, phase change, dissolving, properties,
reaction, particles, gas, solid, liquid.

Science
Vocabulary
Students Are
Not Expected
to Know

Mass, atoms, molecules, rates.

Phenomena

Context/
Phenomena

Some example phenomena for 5-PS1-2:

A cup of water is taken out of the freezer and left on a counter. After some time, the frozen
water melts.

A cup of hot tea can dissolve more sugar than a cup of cold tea, but they both weigh the
same after the mixing is complete.

When mixed together, silver nitrate and sodium chloride forms a white solid that weighs the
same as the individual silver nitrate and sodium chloride weighed.

When water, baking soda, and calcium chloride are mixed inside a freezer bag, the bag gets
hot and expands. The expanded freezer bag weighs the same as the ingredients did when
they were separate.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Make simple calculations using given data to calculate or estimate the total weight of a substance after
heating, cooling, or mixing.

2. Measure or graph data that can be used to calculate or estimate the total weight of a substance after heating,
cooling, or mixing.
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3. Describe and/or summarize data (e.g., using illustrations and/or labels) to identify/highlight trends, patterns,
or correlations concerning the weight of the substances being investigated at the beginning and end of an
investigation.

4. Compile and/or select, from given information, the particular data needed for a specific inference about the
total weight of substances. This can include sorting out the relevant data from the overall body of given
information.

5. Select, describe, orillustrate a prediction made by applying the findings from measurements or an
investigation.

6. Use relationships identified in the data to explain that regardless of the type of change, the total weight of
matter is conserved.

Item Specifications B-66 Idaho State Department of Education



Idaho Standards Achievement Test in Science 2022—2023 Technical Report: Volume 2

Performance 5-PS1-3
Expectation Make observations and measurements to identify materials based on their properties.
Dimensions Planning and Carrying | PS1.A: Structure and Properties of Matter Scale, Proportion, and

Out Investigations

¢ Make observations
and measurements
to produce data to
serve as the basis for
evidence for an
explanation of a
phenomenon.

Quantity

e Standard units are used
to measure and
describe physical
guantities such as
weight, time,
temperature, and
volume.

e Measurements of a variety of properties
can be used to identify materials.
(Boundary: At this grade level, mass and
weight are not distinguished, and no
attempt is made to define the unseen
particles or explain the atomic-scale
mechanism of evaporation and
condensation.)

Clarifications
and Content
Limits

Clarification Statements
e Examples of materials to be identified could include baking soda and other powders,
metals, minerals, and liquids.
e Examples of properties could include color, hardness, reflectivity, electrical conductivity,
thermal conductivity, response to magnetic forces, and solubility.

Content Limits
e Assessment does not include density or distinguishing between mass and weight.
e Students do not need to know: chemical reaction equations, balancing reaction equations,
atomic-level processes.

Science
Vocabulary
Students Are
Expected to
Know

Electric, electrically charged, magnetic, magnetic attraction, conductor, change of state,
substance, absorbency, evaporate, metal, vapor, conduction, relative, conservation of matter,
phase change, dissolve, react, product

Science Insulator, element, reaction, boiling point, melting point, molecule, forms of matter, reactant,
Vocabulary chemical compound, chemical reaction, atom
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 5-PS1-3:
Phenomena e Sugar and flour are white powdery substances. Sugar is soluble in water and flour is not.

e Three mineral crystals sit on a table. The three crystals are all the same color, resembling
clear glass. However, they are all different minerals. One of them is quartz, one of them is
halite, and the third is calcite.

e Two nails are on a table. When a magnet is placed over the nails, one of them moves from
the table and sticks to the magnet.

e Two pieces of wood are hit with a hammer. One piece of wood has a depression/dent
where the hammer hit it. The other does not have a dent/depression.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands
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1. Identify from a list, including distractors, the materials or tools needed to observe or measure properties of
matter to identify unknown materials.

2. Identify from a list, including distractors, the output data needed to identify or differentiate materials. **

3. Make and/or record observations or measurements from the investigation of the properties of materials.*

4. Interpret and/or communicate the data from the investigation of the properties of materials.

5. Make or communicate conclusions from the investigation of the properties of materials.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
**TD2 may be used for stand-alone item if used with TD3
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Performance
Expectation

5-PS1-4
Conduct an investigation to determine whether the mixing of two or more substances results in new
substances.

Dimensions

PS1.B: Chemical

Reactions

e When two or more
different substances are
mixed, a new substance
with different properties
may be formed.

Cause and Effect

e Cause-and-effect
relationships are
routinely identified and
used to explain change.

Planning and Carrying Out Investigations

e Conduct an investigation collaboratively
to produce data to serve as the basis for
evidence, using fair tests in which
variables are controlled and the number
of trials are considered.

Clarifications
and Content
Limits

Clarification Statements
e Students are not expected to be able to balance chemical equations, but should be able to
complete simple mathematical (addition and subtraction) calculations in regard to starting
materials and ending materials.

Content Limits
e Students are expected to know that matter is neither destroyed nor created.
e Students do not need to know: Chemical names, chemical symbols, general balanced
equation {reactant + reactant - products}, and isotopes, specific chemical reaction types
(e.g. oxidation, reduction, decomposition, and combustion).

Science
Vocabulary
Students Are
Expected to
Know

Matter, substance, particle, chemical property, physical property, mass, volume, density, melting
point, boiling point, freezing point, dissolve, flammable, odor, gas, solid, liquid, mixture, chemical
reaction, gram(s), physical change, chemical change.

Science Reactant, product, atom, molecule, compound, chemical bond, law of conservation of mass, law of
Vocabulary conservation of energy, intramolecular attractions, intermolecular attractions, solubility, solvent,
Students Are solute, precipitant, rate of chemical reaction, acid, base, salt (as an ionic crystal), fusion, fission,
Not Expected homogeneous mixture, heterogeneous mixture, plasma, pH.
to Know

Phenomena
Context/ Some example phenomena for 5-PS1-4:
Phenomena e A peach shrivels and becomes covered with mold.

e QOver time, one metal changes color when exposed to rainwater. However, another metal
exposed to rainwater does not.

e A bottle partially filled with vinegar sits on a counter. An empty balloon is partially filled with
baking soda. When the open end of the balloon is stretched over the bottle top, a
hissing/fizzing sound can be heard and the balloon expands.

e When sugar crystals are added to vinegar in a bowl, the crystals disappear. When crystals of
baking soda are added to vinegar in a bowl, the mixture begins to bubble and foam.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands
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1. Identify from a list, including distractors, the properties that should be tested or the materials/tools needed in
an investigation of the physical and chemical properties of the starting and ending substances involved in
mixing.

2. Identify the outcome data that should be collected in an investigation of the physical and chemical properties
of the starting and ending substances under investigation.

3. Make and/or record observations/data about the physical and chemical properties of the substances that are
mixed and the substances resulting from the mixture.

4. Interpret and/or communicate the data from an investigation. This may include identifying/describing trends,
patterns, or correlations among observations and data concerning the physical and chemical properties of the
beginning and ending substances being investigated.

5. Explain or describe the causal processes that lead to the observed data.
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Performance 5-PS2-1
Expectation Support an argument that the gravitational force exerted by Earth on objects is directed down.
Dimensions Engaging in Argument from | PS2.B: Types of Interactions Cause and Effect

Evidence

e Support an argument with
evidence, data, or a
model.

e Cause and effect
relationships are routinely
identified and used to
explain change.

e The gravitational force of Earth
acting on an object near Earth’s
surface pulls that object toward the
planet’s center.

Clarifications
and Content
Limits

Clarification Statement
e “Down” is a local description of the direction that points toward the center of the spherical
Earth.

Content Limits
e Assessment does not include mathematical representation of gravitational force.
e Study of gravity is limited to gravity on Earth.
e Students do not need to know: Calculations for weight (weight = mass e gravity), free fall,
terminal velocity, weightlessness, air resistance, friction, black holes, inertia, Newton’s law of
universal gravitation, vacuum.

Science
Vocabulary
Students are
Expected to
Know

Sun, gravity, space, flow, magnet, period (time), charge, Earth’s rotation, solar system, spherical,
exert, transfer, mass, orbital, mass, volume

Science
Vocabulary
Students are
Not Expected

Attractive, direction of force, direction of motion, field, linear, nonlinear, gravitational energy,
gravitational field, magnetic field, permeate.

to Know
Phenomena
Context/ Sample phenomena for 5-PS2-1:
Phenomena e Ahard rubber ball dropped in a pool falls more slowly than the same ball dropped on land.

e A feather released on top of a cliff on a breezy day seems to fly away, while a similar feather
dropped on flat ground on a breezy day lands on the ground.

e A small piece of clay set on the top of a globe stays in place, but when you put it on the
bottom of the globe it drops off. A piece of clay put at the real north pole stays in place, and
also stays in place on the real south pole.

e A basketball flies in an arc before going through the basket.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Sort observations into those that appear to support competing (given) arguments, or into those that support,
contradict, or are not relevant to a given argument. Observations are from animations, simulations, or other
given material.

2. Sort, tabulate, classify, separate, and/ or categorize relevant from irrelevant evidence (observations) or data.

3. Select from a given collection additional relevant observations that would help distinguish between competing
arguments or the veracity of a single argument.
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4. Select, identify, or describe apparent counterexamples to a supported argument.

5. ldentify from a given collection or explain in writing flaws in observation that lead to an apparent
counterexample, or explain the counterexample in terms of grade-level appropriate properties gravity, or other
simple forces from earlier grade levels.

6. Sort statements into categories such as facts, reasonable judgments based on available facts, and speculation.

7. Clearly articulate the evidence supporting and contradicting an argument, noting how the evidence supports or
contradicts the argument (hand scored).*

8. Predict outcomes when properties or proximity of the objects are changed, given the inferred cause and effect
relationships. This can be done by describing outcomes, or selecting or identifying outcomes from lists.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

5-PS3-1

Use models to describe that energy in animals’ food (used for body repair, growth, motion, and to
maintain body warmth) was once energy from the sun.

Dimensions

Developing and | PS3.D: Energy in Chemical Processes and Everyday Life Energy and
Using Models e The energy released [from] food was once energy from Matter
¢ Use models to the sun that was captured by plants in the chemical e Energy can be
describe process that forms plant matter. transferred in
phenomena. various ways
LS1.C: Organization for Matter and Energy Flow in and between
Organisms objects.

e Food provides animals with the materials they need for
body repair and growth and the energy they need to
maintain body warmth and for motion. (secondary)

Clarifications
and Content
Limits

Clarification Statements

e Examples of models could include diagrams and flow charts.

Content Limits

e Assessment does not include photosynthesis.

e Students do not

need to know: photosynthesis equation

Science
Vocabulary
Students are
Expected to
Know

Energy, matter, transfer,

light

Science
Vocabulary
Students are
Not Expected

Photosynthesis, metabol

ism, atoms, chemicals, reaction, radiation

to Know

Phenomena
Context/ Some example phenomena for 5-PS3-1:
Phenomena e Cows eat grass that grew in the sun.

e Termites eat the

e Caterpillars eat leaves and grow big.

e Koalas mainly ea

wood in trees.

t eucalyptus leaves.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Select oridentify, from a collection of potential model components, including distractors, the parts of a
model need to describe the flow of energy among plants, animals, and the sun.

2. Assemble or complete a model representing the flow of energy among plants, animals, and the sun.

3. Manipulate the components of a model to demonstrate properties, processes, and/or events that result in
the flow of energy among plants, animals, and the sun, including the relationships of organisms and/or the
cycles of energy and/or matter.
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Articulate, describe, illustrate, select, or identify the relationships among components of a model that
describe the movement of matter among plants, animals, and the sun.

Make predictions about the effects of changes in model components including the substitution, elimination,
or addition of energy and/or an organism and the result.
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Performance 5-1S1-1
Expectation Support an argument that plants get the materials they need for growth chiefly from air and water.
Dimensions Engaging in Argument from | LS1.C: Organization for Matter and Energy and Matter

Evidence
e Support an argument with
evidence, data, or model.

Energy Flow in Organisms
e Plants acquire their material for growth
chiefly from air and water.

e Matter is transported
into, out of, and within
systems.

Clarifications
and Content
Limits

Clarification Statements
e Emphasis is on the idea that plant matter comes mostly from air and water, not from the
soil.

Content Limits
e Assessment does not include photosynthesis or the photosynthesis reaction equation.
Students should know that plants carry out photosynthesis for energy, but they do not need
to know the specifics of the process or equation.

Science
Vocabulary
Students Are
Expected to
Know

Organism, algae, atmosphere, consumer, cycle, matter, product, transport, chemical, convert,
transfer, energy flow, flow chart, conservation, nutrients.

Science Plant structure, producer, chemical process, carbon, carbon dioxide, aerobic, anaerobic, molecule,
Vocabulary sugars, photosynthesis
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 5-LS1-1:
Phenomena e A neoregelia plant sits on the branch of a much larger kapok tree in the Cloud Forest of

South America.

e Aplant grows in a classroom and the students weigh the soil every day. The weight of the
soil does not change over time but the plant continues to grow.

e Spanish moss hangs from the branches of a live oak tree in the swamps of Louisiana.

e Strawberries sold in a supermarket were grown inside of a greenhouse without soil.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Sort observations into those that appear to support competing (given) arguments, or into those that support,
contradict, or are not relevant to a given argument. Observations are from animations, simulations, or other
given material.

2. Sort, tabulate, classify, separate, and/or categorize relevant from irrelevant evidence (observations) or data.

3. Select from a given collection additional relevant observations that would help distinguish between
competing arguments or the veracity of a single argument.

4. Select, identify, or describe apparent counterexamples to a supported argument.

Item Specifications

B-75 Idaho State Department of Education



Idaho Standards Achievement Test in Science 2022—2023 Technical Report: Volume 2

5. Identify from a given collection—or explain in writing—flaws in observation that lead to an apparent
counterexample, or explain the counterexample in terms of grade-level appropriate properties of plant

growth.
6. Sort statements into categories such as facts, reasonable judgments based on available facts, and speculation.

7. Articulate the evidence supporting and/or contradicting an argument that plants chiefly need air and water
for growth.
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Performance
Expectation

5-152-1
Develop a model to describe the movement of matter among plants, animals, decomposers, and the
environment.

Dimensions

Developing LS2.A: Interdependent Relationships in Ecosystems Systems and

and Using e The food of almost any kind of animal can be traced back to System Models

Models plants. Organisms are related in food webs in which some e A system can

e Develop a animals eat plants for food and other animals eat the animals be described in
model to that eat plants. Some organisms, such as fungi and bacteria, terms of its
describe break down dead organisms (both plants or plant parts and components
phenomena. animals) and therefore operate as “decomposers.” and their

Decomposition eventually restores (recycles) some materials interactions.
back to the soil. Organisms can survive only in environments
in which their particular needs are met. A healthy ecosystem
is one in which multiple species of different types are each
able to meet their needs in a relatively stable web of life.
Newly introduced species can damage the balance of an

ecosystem.

LS2.B: Cycles of Matter and Energy Transfer in Ecosystems

e Matter cycles between the air and soil and among plants,
animals, and microbes as these organisms live and die.
Organisms obtain gases and water from the environment and
release waste matter (gas, liquid, or solid) back into the
environment.

Clarifications
and Content
Limits

Clarification Statements
e Emphasis is on the idea that matter that is not food (air, water, decomposed materials in
soil) is changed by plants into matter that is food.
e Examples of systems could include organisms, ecosystems, and Earth.

Content Limits
e Assessment does not include: molecular explanations.

Science Organism, bacteria, fungus, algae, gas, nutrients, producer, consumer, decomposer, cycle, conserve,
Vocabulary products, relationship, waste, recycle, species, balance
Students Are
Expected to
Know
Science Chemical process, reaction, molecule, carbon, carbon dioxide, oxygen, sugar, aerobic, anaerobic,
Vocabulary photosynthesis
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 5-LS2-1:
Phenomena e Insects in a terrarium only survive when bacteria and plants are present.

e A new fish tank must rest for 2—3 weeks with water before introducing fish or the fish die.

e Under a microscope, a sample of soil contains many bacteria, but a sample of desert sand
does not.

e Farmers put fish in stock tanks to keep them clean.

Item Specifications

B-77 Idaho State Department of Education




Idaho Standards Achievement Test in Science 2022—2023 Technical Report: Volume 2

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Select or identify from a collection of potential model components, including distractors, the parts of a model
needed to describe the movement of matter among plants, animals, decomposers, and the environment.*

2. Manipulate the components of a model to demonstrate properties, processes, and/or events that result in
the movement of matter among plants, animals, decomposers, and the environment, including the
relationships of organisms and/or the cycle(s) of matter and/or energy.

3. Articulate, describe, illustrate, select, or identify the relationships among components of a model that
describe the movement of matter among plants, animals, decomposers, and the environment.

4. Make predictions about the effects of changes in model components, including the substitution, elimination,
or addition of matter and/or an organism and the result.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance 5-ESS1-1

Expectation Support an argument that the apparent brightness of the sun and stars is due to their relative
distances from Earth.
Dimensions Engaging in Argument ESS1.A: The Universe and Its Stars Scale, Proportion, and
from Evidence e The sun is a star that appears larger Quantity
e Support an argument and brighter than other stars because | e Natural objects exist from
with evidence, data, or it is closer. Stars range greatly in their the very small to the
a model. distance from Earth. immensely big.

Clarifications Content Limits
and Content e Assessment is limited to relative distances, not sizes, of stars.
Limits e Assessment does not include other factors that affect apparent brightness (such as stellar
masses, age, stage, etc.).
e Assessment does not include absolute brightness.
e Students do not need to know:
o Specific stars and their names.
o Luminosity and how that is affected by the size/age of a star.
o Flux or how to calculate it.

Science Space, planet, sun’s size, solar system, moon, burn, star brightness, constellation, galaxy, visible,
Vocabulary astronomical.
Students Are
Expected to
Know
Science Lunar phase, eclipse, celestial, mass, comet, light year, astronomical unit, emit, interstellar, fission,
Vocabulary fusion, radiation, spectrum, star size, star composition, star formation, star types, luminosity, flux.
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 5-ESS1-1:
Phenomena e Most stars cannot be seen during the daytime but can be seen at night.

e The sunis never seen at the same time as other stars in the sky.
e Alpha Centauri A is larger than the sun but does not look as bright in the sky.
e Street lights that are farther away from you look dimmer.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Organize, arrange (e.g., using illustrations and/or labels), or summarize data to highlight trends, patterns, or
correlations in how the brightness of stars is based on their relative distance from Earth.*

2. Generate/construct graphs, tables, or assemblages of illustrations and/or labels of data that document
patterns, trends, or correlations in how the brightness of stars is based on their relative distance from Earth.
This may include sorting out distractors.*

3. Describe, identify, and/or select information needed to support an explanation.*

4. Use relationships identified in the data to predict the distance of a star depending on its brightness, or vice
versa.*
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5.

Identify patterns or evidence in the data that supports inferences about how the brightness of stars depends

on their relative distance from Earth.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance 5-ESS1-2

Expectation Represent data in graphical displays to reveal patterns of daily changes in length and direction of
shadows, day and night, and the seasonal appearance of some stars in the night sky.
Dimensions Analyzing and ESS1.B: Earth and the Solar System Patterns
Interpreting Data e The orbits of Earth around the sun and of the e Similarities and
e Represent data in moon around Earth, together with the rotation differences in
graphical displays (bar of Earth about an axis between its North and patterns can be used
graphs, pictographs, South poles, cause observable patterns. These to sort, classify,
and/or pie charts) to include day and night; daily changes in the communicate, and
reveal patterns that length and direction of shadows; and different analyze simple rates
indicate relationships. positions of the sun, moon, and stars at of change for natural
different times of the day, month, and year. phenomena.

Clarifications Content Limits

and Content e Examples of patterns could include the position and motion of Earth with respect to the sun

Limits and selected stars that are visible only in particular months.

e While the names of celestial objects, stars, or constellations can be included, students are
not expected to identify them.

e Objects to be used to assess this PE are limited to the sun, Earth’s moon, Earth, and
stars/constellations visible in Earth’s night sky.

e “Positions of the moon” refers to its location in Earth’s sky and not its appearance (phase).

e Assessment does not include cause of seasons, lunar phases, or the position of the sun in
the sky throughout the year.

Science Circular motion, universe, Earth’s rotation, galaxy, axis, solar system, Milky Way, constellation,
Vocabulary moon phases, lunar astronomical, orbit, tilt, annual, rotation, revolution.
Students Are
Expected to
Know
Science Eclipse, celestial, comet, light year, astronomical unit, stellar.
Vocabulary
Students Are
Not Expected
to Know
Phenomena
Context/ Some example phenomena for 5-ESS1-2:
Phenomena e The shadow cast by a sundial changes position and size throughout the day.

e A constellation that is viewed right above someone’s house at 8:00 p.m. one night can no
longer be seen at 8:00 p.m. in a few months.

e The sunisseen in the sky only during the day

e It gets dark out after the sun goes below the horizon.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands
1. Organize, arrange (e.g., using illustrations and/or labels), or summarize data to highlight trends, patterns, or
correlations in how the data changes over time.*
2. Generate/construct graphs, tables, or groups of illustrations and/or labels of data that document patterns,
trends, or correlations in how the data change over time. This may include sorting out distractors.*
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3. Use relationships identified in the data to predict whether or not the pattern will continue OR how the data
will look at some time in the future.*

4. ldentify patterns or evidence in the data that supports inferences about the phenomena.

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

5-ESS2-1
Develop a model using an example to describe ways the geosphere, biosphere, hydrosphere, and/or
atmosphere interact.

Dimensions

Developing ESS2.A: Earth Materials and Systems Systems and
and Using e Earth’s major systems are the geosphere (solid and molten System Models
Models rock, soil, and sediments), the hydrosphere (water and ice), o A system can
e Develop a the atmosphere (air), and the biosphere (living things, be described
model using including humans). These systems interact in multiple ways to in terms of its
an example affect Earth’s surface materials and processes. The ocean components
to describe a supports a variety of ecosystems and organisms, shapes and their
scientific landforms, and influences climate. Winds and clouds in the interactions.
principle. atmosphere interact with the landforms to determine
patterns of weather.

Clarifications
and Content
Limits

Clarification Statements
e Examples could include the influence of the ocean on ecosystems, landform shape, and
climate; the influence of the atmosphere on landforms and ecosystems through weather and
climate; and the influence of mountain ranges on winds and clouds in the atmosphere.
e The geosphere, hydrosphere, atmosphere, and biosphere are each a system.

Content Limits
e Assessment is limited to the interactions of two systems at a time.

Science
Vocabulary
Students are
Expected to
Know

core, mantle, crust, solid, liquid, gas, vapor, tundra, boreal forest, deciduous forest, grassland,
desert, savannah, tropical rainforest, freshwater, marine, high pressure, low pressure, currents,
circulation

Science
Vocabulary
Students are
Not Expected

troposphere, stratosphere, mesosphere, thermosphere, ionosphere, chaparral

to Know
Phenomena
Context/ Some example phenomena for 5-ESS2-1:
Phenomena e Theland area found on the beaches around Nantucket Sound in 2016 were about three times

the land area in the same location in 1984.

e In 2016, Tucson, Arizona received more rain between June and September than Yuma,
Arizona received during the entire year.

e The amount of carbon dioxide in the atmosphere measured at Mauna Loa Observatory in
April is 397 parts per million. The amount measured at the same location the previous
September was 2% less.

e In 1980, the salt content in the freshwater Biscayne Aquifer in Florida was 50 milligrams per
liter. In 1997, the salt content of the same water was 1,000 milligrams per liter.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Select oridentify from a collection of potential model components, including distractors, the components
needed to model the phenomenon. Components might include labels, text, steps in a process.

Item Specifications

B-83 Idaho State Department of Education



Idaho Standards Achievement Test in Science 2022—2023 Technical Report: Volume 2

2. Assemble or complete, from a collection of potential model components, an illustration or flow chart that is
capable of representing how the geosphere, biosphere, hydrosphere, and/or atmosphere interact. This does
not include labeling an existing diagram.

3. Manipulate the components of a model to demonstrate the changes, properties, processes, and/or events
that act to result in the phenomenon.

4. Make predictions about the effects of changes in the geosphere, biosphere, hydrosphere, or atmosphere on
each other. Predictions can be made by manipulating model components, completing illustrations, or
selecting from lists with distractors.

5. Given models or diagrams of ways in which the geosphere, biosphere, hydrosphere, and/or
atmosphere interact, identify relationships between the spheres and how a change in one causes a change in
another.

6. Identify missing components, relationships, or other limitations of the model.
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Performance
Expectation

5-ESS2-2
Describe and graph the amounts of salt water and fresh water in various reservoirs to provide
evidence about the distribution of water on Earth.

Dimensions

Using Mathematics and ESS2.C: The Roles of Water in Earth’s

Computational Thinking | Surface Processes

¢ Describe and graph o Nearly all of Earth’s available water is in
guantities such as area the ocean. Most fresh water is in glaciers
and volume to address or underground; only a tiny fraction is in
scientific questions. streams, lakes, wetlands, and the

atmosphere.

Scale, Proportion, and

Quantity

e Standard units are used
to measure and
describe physical
guantities such as
weight and volume.

Clarifications
and Content
Limits

Content Limits
e Assessment is limited to oceans, lakes, rivers, glaciers, ground water, and polar ice caps, and
does not include the atmosphere.
e Students will not be provided a calculator.

Science
Vocabulary
Students are
Expected to
Know

Cycle, fresh water, glacial movement, global, ground water, moisture, polar ice caps, properties of
soil, reservoir, soil composition, water capacity, feature, glacial, hydrosphere, surface feature, water
cycle, wetland.

Science
Vocabulary
Students are
Not Expected

Coastal, crust, internal, distribution, hydrological cycle, percentage

to Know

Phenomena
Context/ The phenomenon for these PEs are the given data. Samples of phenomena should describe the
Phenomena data set(s) to be given in terms of patterns or relationships to be found in the data, and the columns

and rows of a hypothetical table presenting the data, even if the presentation is not tabular. The
description of the phenomenon should describe the presentation format of the data (e.g., maps,
tables, graphs, etc.). For this performance expectation the phenomena are a set of data on the
relative volume of water in different reservoirs on Earth using standard units for weight or volume.

Some example sets of data for 5-ESS2-2:

e Melting ice from the Arctic ice cap is currently adding fresh water to the very salty Arctic
Ocean.

e Melting ice from the Greenland Ice Sheet is currently adding fresh water to the very salty
Arctic Ocean.

e The Potomac River in the eastern United States is tidally influenced over XX% of its length.
This tidal influence from the ocean results in the portion of the river near the ocean being a
mixture of salt and fresh water and the portion of the river far from the ocean being fresh
water.

e Salt water intrusion on Cape Cod, Florida, or California.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. |lllustrate, graph, or identify relevant features or data that can be used to calculate or estimate relationships
between the relative volumes of water in different reservoirs on Earth.
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2. Calculate or estimate properties or relationships of the relative volumes of water in different reservoirs on
Earth, based on data from one or more sources.

3. Compile, from given information, the data needed for a particular inference about the relative volumes of
water in different reservoirs on Earth. This can include sorting out the relevant data from the given
information.
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Performance
Expectation

5-ESS3-1
Obtain and combine information about ways individual communities use science ideas to protect the
Earth’s resources and environment.

Dimensions

Obtaining, Evaluating, and | ESS3.C: Human Impacts on Earth

Communicating Systems

Information e Human activities in agriculture,

e Obtain and combine industry, and everyday life have had
information from books major effects on the land, vegetation,
and/or other reliable streams, ocean, air, and even outer
media to explain space. But individuals and communities
phenomena or solutions are doing things to help protect Earth’s
to a design problem. resources and environments.

Systems and System

Models

e A system can be
described in terms of its
components and their
interactions.

Clarifications
and Content
Limits

Science
Vocabulary
Students are
Expected to
Know

Atmosphere, cycle, fresh water, global, ground water, moisture, polar ice caps, properties of soil, soil
composition, water cycle

Science
Vocabulary
Students are
Not Expected

Coastal, crust, internal, distribution, hydrological cycle, reservoir, glacial movement, water capacity,
glacial, hydrosphere, reservoir, feature, surface feature, wetland, percentage

to Know

Phenomena
Context/ Engineering practices are built around meaningful design problems rather than phenomena. For this
Phenomena PE, there are 2 phenomena and 2 design problems.

Some example phenomena for 5-ESS3-1:
e In England in 1965, there were about 182,000 bee colonies. By 2010, there were about
83,000 bee colonies.
e There is a haze in the air in Beijing, China’s capital city, which makes it hard to see long
distances. The haze becomes worse on cold winter days.

Some example design problems for 5-ESS3-1:

e A company is going to put a new logging road in an area where grizzly bears live. The US
Forest Service tells them that they need to pay attention to where they are going to put the
road. The path of the road should be chosen so that it doesn’t disturb grizzly bear habitat
very much.

e Aflower garden to attract honeybees is being built. The type and color of flowers, garden
placement, flower placement, and other features are chosen to attract honeybees.

This Performance Expectation and associated Evidence Statements support the following Task Demands.

Task Demands

1. Identify, evaluate, combine, organize, and/or communicate information (from texts, illustrations, animations,
simulations, tables, or graphs) that is needed to make an informed decision related to human impacts on
natural systems, solve a particular design problem, or complete a specified task.
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2. Assemble or complete an illustration, graph, set of labels, or a flow chart that shows how the various pieces of
information, which are needed to make an informed decision, solve a particular design problem, or complete a
specified task, are interrelated. This does not include labeling an existing diagram.

3. Identify patterns or evidence in the data that supports inferences about human impacts on natural systems or
a particular solution to a design problem or task.

4. Examine, identify or select positive or negative effects/implications of a community idea or design problem.
This would include identifying potential positive or negative effects, especially when dealing with design
solutions, and classifying the effects/implications as positive or negative and supporting those classifications
with the relevant data.

5. Formulate a design or make an inference or conclusion, based on identified or combined information, evidence
or data related to human impacts on natural systems, solution of a particular design problem, or completion of
a specified task.

6. Evaluate a design or make an inference or conclusion, based on identified or combined information, evidence
or data related to human impacts on natural systems, solution of a particular design problem, or completion of
a specified task.
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Specifications for Middle School
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Introduction

This document presents cluster specifications for use with the Next Generation Science Standards (NGSS). These
standards are based on the Framework for K-12 Science Education. The present document is not intended to replace
the standards, but rather to present guidelines for the development of items and item clusters used to measure those
standards.

The remainder of this section provides a very brief introduction to the standards and the framework, an overview of the
design and intent of the item clusters, and a description of the cluster specifications that follow. The bulk of the
document is composed of cluster specifications, organized by grade and standard.

Background on the framework and standards
The Framework for K-12 Science Education are organized around three core dimensions of scientific understanding. The
standards are derived from these same dimensions:

e Disciplinary Core Ideas: The fundamental ideas that are necessary for understanding a given science discipline.
The core ideas all have broad importance within or across science or engineering disciplines, provide a key tool
for understanding or investigating complex ideas and solving problems, relate to societal or personal concerns,
and can be taught over multiple grade levels at progressive levels of depth and complexity.

e Science and Engineering Practices: The practices are what students DO to make sense of phenomena. They are
both a set of skills and a set of knowledge to be internalized. The SEPs reflect the major practices that scientists
and engineers use to investigate the world and design and build systems.

e Cross-Cutting Concepts: These are concepts that hold true across the natural and engineered world. Students
can use them to make connections across seemingly disparate disciplines or situations, connect new learning to
prior experiences, and more deeply engage with material across the other dimensions. The NGSS requires that
students explicitly use their understanding of the CCCs to make sense of phenomena or solve problems.

e There is substantial overlap between and among the three dimensions. For example, the cross-cutting concepts
are echoed in many of the disciplinary core ideas. The core ideas are often closely intertwined with the
practices. This overlap reflects the nature of science itself. For example, we often come to understand and
communicate causal relationships by employing models to make sense of observations. Even within a
dimension, overlap exists. Quantifying characteristics of phenomena is important in developing an
understanding of them, so employing computational and mathematical thinking in the construction and use of
models is a very common scientific practice, and one of the cross-cutting concepts suggests that scientists often
infer causality by observing patterns. In short, the dimensions are not orthogonal.

The framework envisions effective science education as occurring at the intersection of these interwoven dimensions:
students learn science by doing science—applying the practices through the lens of the cross-cutting concepts to
investigate phenomena that relate to the content of the disciplinary core ideas.

[tem clusters

Each item cluster is designed to engage the examinee in a grade-appropriate, meaningful scientific activity aligned to a
specific standard.

Each cluster begins with a phenomenon, an observable fact or design problem that engages student interest and can be
explained, modeled, investigated, or designed using the knowledge and skill described by the standard in question.

What it means to be observable varies across practices. For example, a phenomenon for a performance expectation
exercising the analyze data practice may be observable through regularities in a data set, while standards related to the
development and use of models might be something that can be watched, seen, felt, smelled, or heard.
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What it means to be observable also varies across grade levels. For example, elementary-level phenomena are very
concrete and directly observable. At the high school level, an observation of the natural world may be more abstract--for
example, “observing” changes in the chemical composition of cells through the observation of macroscopic results of
those changes on organism physiology, or through the measurement of system- or organ-level indications.

Content limits refine the intent of the performance expectations and provide limits on what may be asked of items in
the cluster to structure the student activity. The content limits also reflect the disciplinary core ideas learning
progressions that are present in the K-12 Framework for Science Education.

The task or goal should be explicitly stated in the stimulus or the first item in the cluster: statements such as “In the
guestions that follow, you will develop a model that will allow you to identify moons of Jupiter,” or “In the questions
below, you will complete a model to describe the processes that lead to the steam coming out of the teapot.”

Whereas item clusters have been described elsewhere as “scaffolded,” they are better described as providing structure
to the task. For example, some clusters begin with students summarizing data to discover patterns that may have
explanatory value. Depending on the grade level and nature of the standard, items may provide complete table shells or
labeled graphs to be drawn, or may require the student to choose what to tabulate or graph. Subsequent items may ask
the student to note patterns in the tabulated or graphed data and draw on domain content knowledge to posit
explanations for the patterns.

These guidelines for clusters do not appear separately in the specifications. Rather, they apply to all clusters.

Structure of the cluster specifications

The item cluster specifications are designed to guide the work of item writers and the review of item clusters by
stakeholders.

Each item cluster has the following elements:

e The text of the performance expectations, including the practice, core idea, and cross-cutting concept.

e Content limits, which refine the intent of the performance expectations and provide limits of what may be asked
of examinees. For example, they may identify the specific formulae that students are expected to know or not
know.

e Vocabulary, which identifies the relevant technical words that students are expected to know, and related
words that they are explicitly not expected to know. The vocabulary included in both sections (Students are
Expected to Know and Students Are Not Expected to Know) were developed after the reviews of standards at
the current/preceding grades, the original NGSS documentation, and item writer reference documentation
including the Children Writers’ Word Book and ED Core Vocabularies in Reading, Mathematics, Science and
Social Studies. All vocabulary included in the specifications was reviewed and edited by teacher committees
during the specification reviews by states. Of course, the latter category should not be considered exhaustive,
since the boundaries of relevance are ambiguous, and the list is limited by the imagination of the
writers/reviewers.

e Sample phenomena, which provide some examples of the sort of phenomena that would support effective item
clusters related to the standard in question. In general, these should be guideposts, and item writers should
seek comparable phenomena, rather than drawing on those within the documents. Novelty is valued when
applying scientific practices.

e Task demands comprise the heart of the specifications. These statements identify the types of items and
activities that item writers should use, and each item written should be clearly linked to one or more of the
demands. The verbs in the demands (e.g., select, identify, illustrate, describe) provide guidance on the types of
interactions that item writers might employ to elicit the student response. We avoid explicitly identifying
interaction types or item formats to accommodate future innovations and to avoid discouraging imaginative
work by the item writers. All task demands should be aligned to a minimum of one of the three dimensions
(DCI, SEP and CCCs) and across task demands within a cluster, all three dimensions must be addressed.
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e For each cluster we present, the printed documentation includes the cluster, the task demands represented by
each item, and its linkage to the content, practice and cross-cutting concept identified in the performance
expectation.

Item cluster specifications follow, organized by domain and standard.
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Performance MS-PS1-1
Expectation Develop models to describe the atomic composition of simple molecules and extended structures.
Dimensions Developing and PS1.A: Structure and Properties of Matter Scale, Proportion, and
Using Models e Substances are made from different types of Quantity
® Develop and/or atoms, which combine with one another in e Time, space, and energy
use a model to various ways. Atoms form molecules that phenomena can be
predict and/or range in size from two to thousands of atoms. observed at various
describe ¢ Solids may be formed from molecules, or they scales, using models to
phenomena. may be extended structures with repeating study systems that are
subunits (e.g., crystals). too large or too small.

Clarifications
and Content
Limits

Clarification Statements

Content Limits

Emphasis is on identifying elements vs. compounds and their basic units of atoms and
molecules.

Emphasis is on developing models of molecules that vary in complexity.

Examples of simple molecules could include ammonia, methanol, methane, water, carbon
dioxide, etc.

Examples of molecular-level models could include drawings, 3D ball and stick structures, or
computer representations showing different molecules with different types of atoms.
Examples of extended structures could include sodium chloride or diamonds.

Assessment does not include valence electrons and bonding energy, discussing the ionic
nature of subunits of complex structures, or a complete description of all individual atoms in
a complex molecule or extended structure is not required.

Modelling should be limited to molecules that have only one type of bond, no combination
of bonds; the structure of the molecule is easy to model; single bonded molecules.
Students are not expected to memorize the atomic characteristics of any element.
Students do not need to know: valence electrons and bonding energy, discussing the ionic
nature of subunits of complex structures, a complete description of all individual atoms in a
complex molecule or extended structure, memorization of atoms found in different
molecule, VSEPR or geometric arrangements, the difference between single, double, and
triple bonding, periodic table patterns and how it affects bonding, oxidation numbers,
polyatomic ions.

Science
Vocabulary
Students are
Expected to
Know

Element, compound, mixtures, homogenous, heterogeneous, pure substances, solution, solvent,
solute.

Science
Vocabulary
Students are
Not Expected

Valence electrons, subatomic particles such as protons, electrons, neutrons, neutrinos etc., ions,
positive or negative charges, covalent bond, ionic bond.

to Know

Phenomena
Context/ Some example phenomena for MS-PS1-1:
Phenomena
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e Submarines can stay underwater for months using sea water as a source of oxygen for air.
Special machines run electricity through large amounts of sea water, generating oxygen
from the water.

e Water and hydrogen peroxide are both made up of hydrogen and oxygen. When water is
poured on a chunk of CaCOs, there is no reaction. When hydrogen peroxide is poured on a
chunk of CaCOj, it fizzes.

e Oxygen (0,) is a gas we breathe to stay alive. Ozone (0s), also made only of oxygen atomes, is
unhealthy to breathe.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands

1. Identify or assemble from a collection of potential model components, including distractors, components of a
model that describes the structures of atoms, molecules, or extended molecules and/or how they interact, or
explains how atoms of the same or different element(s) are arranged in repeated patterns in extended
structures.

2. Describe, select, and/or identify the relationships among components of a model that describes the structures
of atoms, molecules, or extended molecules and/or how they interact, or explains how atoms of the same or
different element(s) are arranged in repeated patterns in extended structures.

3. Assemble, illustrate, describe, and/or complete a model or manipulate components of a model to describe
the structure of an atom, molecule, or extended molecule and/or how they interact, or to explain or predict
how atoms of the same or different element(s) are arranged in repeated patterns in extended structures.
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Performance
Expectation

MS-PS1-2
Analyze and interpret data on the properties of substances before and after the substances interact
to determine whether a chemical reaction has occurred.

Dimensions

Patterns

e Macroscopic
patterns are
related to the

Analyzing and PS1.A: Structure and Properties of Matter

Interpreting Data | e Each pure substance has characteristic physical and

e Analyze and chemical properties (for any bulk quantity under given
interpret data conditions) that can be used to identify it.

to determine nature of
similaritiesand | PS1.B: Chemical Reactions microscopic
differences in e Substances react chemically in characteristic ways. In a and atomic-

findings. chemical process, the atoms that make up the original level structure.
substances are regrouped into different molecules, and
these new substances have different properties from those

of the reactants.

Clarifications
and Content
Limits

Clarification Statements
e Examples of reactions could include burning sugar or steel wool, fat reacting with sodium
hydroxide, and mixing zinc with hydrogen chloride.

Content Limits
e Assessment is limited to analysis of the following properties: density, melting point, boiling
point, solubility, flammability, and odor.
e Students are not expected to balance chemical equations or to determine whether a chemical
equation is balanced or not.
e Students are expected to know that mass/matter is neither destroyed nor created.

Science
Vocabulary
Students are
Expected to
Know

Reactant, product, compound, matter, mass, volume, density, melting point, boiling point, freezing
point, solubility, dissolve, flammability, odor, gas, solid, liquid, chemical bonds.

Science
Vocabulary
Students are
Not Expected

Collision theory, oxidation, reduction, intramolecular attractions, intermolecular attractions,
solvent, solute, precipitant, limiting reactant, excess reactant, covalent bond, ionic bond, rate of
reaction, acid, base, salt (as an ionic crystal), fusion, fission, homogeneous mixture, heterogeneous
mixture.

to Know

Phenomena
Context/ For this performance expectation the phenomena are mixtures of substances that provide sets of
Phenomena data. Those are the observations and/or measurements concerning the physical and chemical

properties of the involved substances before and after mixing that the kids will look at to discover
patterns. Below, we enumerate some of the mixtures that might provide the data sets to be
analyzed.

All phenomenon for this PE should be situations where a chemical reaction is not immediately
apparent.

Some example phenomena for MS-PS1-2:
e Rainwater can produce stains on car paint. Reports of these stains are more common in the
Southeastern U.S. than they are in the Midwest.
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e Portions of marble statues that are exposed to rainwater crack and crumble over time.
Portions of marble statues that are sheltered develop a black coating over time.

e When sugar crystals are added to vinegar in a bowl, the crystals disappear. When crystals of
table salt are added to vinegar in a bowl, the mixture begins to bubble and foam.

e Table sugar exposed to an open flame transforms into a gooey, dark substance. Wood
exposed to an open flame transforms into ash.

This Performance Expectation and associated Evidence Statements support the following Task Demands.
Task Demands

1. Organize, arrange, and/or generate/construct graphs, tables, or assemblages of illustrations and/or labels of
data that document patterns, trends, or correlations among observations and data concerning the physical
and chemical properties of the substances involved. This may include sorting out distractors.

2. Describe and/or summarize data (e.g., using illustrations and/or labels), to identify/highlight trends, patterns,
or correlations among observations and data concerning the physical and chemical properties of the
beginning and ending substances being investigated.*

3. Use relationships identified in the data to predict whether the mixing of substances similar to the ones under
study will result in the occurrence of a chemical reaction.

4. ldentify patterns or evidence in the data that support inferences about any changes that occurred in the
microscopic or atomic-level arrangements of the substances involved.*

*denotes those task demands which are deemed appropriate for use in stand-alone item development
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Performance
Expectation

MS-PS1-3

Gather and make sense of information to describe that synthetic materials come from natural

resources and impact society.

Dimensions

Obtaining, Evaluating, and

Communicating Information

e Gather, read, and
synthesize information
from multiple appropriate
sources and assess the
credibility, accuracy, and
possible bias of each
publication and methods
used, and describe how
they are supported or not
supported by evidence.

PS1.A: Structure and Properties of Matter

e Each pure substance has characteristic
physical and chemical properties (for any
bulk quantity under given conditions) that
can be used to identify it.

PS1.B: Chemical Reactions

e Substances react chemically in
characteristic ways. In a chemical process,
the atoms that make up the original
substances are regrouped into different
molecules, and these new substances have

Structure and
Function
e Structures can be

designed to serve
particular
functions by taking
into account
properties of
different
materials, and how
materials can be
shaped and used.

different properties from those of the
reactants.

Clarifications
and Content
Limits

Clarification Statements

e Emphasis is on natural resources that undergo a chemical process to form the synthetic
material.

e Examples of new materials could include new medicine, foods, building materials, plastics
and alternative fuels

Content Limits
e Assessment is limited to qualitative information.
e Students are not required to know particular names for synthetic materials (i.e. rayon,
polyester, acrylic, nylon, rayon, acetate, orlon, Kevlar)
e Students do not need to know: the types of reaction mechanisms involved in chemical
reactions such as polymerization.

Science
Vocabulary
Students are
Expected to
Know

Atom, molecule, pure substance, subunit, molecular arrangement, matter, particle, pressure,
conductivity, reactant, dissolve, mineral, conductive, separation method (for mixtures), sodium
chloride, carbon dioxide, negative impact, petroleum, natural gas, oil

Science
Vocabulary
Students are
Not Expected

Acid, base, reversible reactions, irreversible reactions, condensation reaction, pol