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Overall Purpose and Organization

OVERALL PURPOSE AND ORGANIZATION

The purpose of this white paper is to consider issues related to the scope and focus of a
possible new framework for National Assessment of Educational Progress (NAEP) Science
(hereafter, NAEP science), including its possible expansion to include aspects of what is
represented in NAEP Technology and Engineering Literacy (TEL) (hereafter, NAEP TEL).
The goal is to provide the NAEP Validity Studies (NVS) Panel and the NAEP program with
input about possible directions for the future and the rationale for choosing among them.
Five major sections comprise this paper.

Section I sets the stage for the sections that follow by providing brief background
information about the history and projected future uses of the NAEP Science Framework
and Assessment as well as the NAEP TEL Framework and Assessment. It also summartizes
the National Center for Education Statistics (NCES) and the National Assessment
Governing Board (NAGB) timeline for consideration of possible revisions to the NAEP
science framework in anticipation of its use to guide the NAEP Science Assessment
scheduled for 2028.

Section II contains information on analyses comparing the current NAEP science
framework and the NAEP TEL framework to the overall science and technology framework
and related set of standards that emerged in the United States in the eatly part of the last
decade. The section begins with a brief synopsis of the content and focus of the NAEP
Science and TEL frameworks followed by a brief synopsis of the National Research Council
(NRC) Framework for K—12 Science Edncation (NRC, 2012) (hereafter, NRC framework) and
the derivative Next Generation Science Standards NGSS) (NRC, 2013). Following that, results
are presented from an extensive study comparing the alignment between NAEP Science and
NAEP TEL and NGSS (Neidorf et al., 2016). In doing so, the section also considers some
of the implications regarding assessments aligned with each reference source.

Section III focuses on the status of science standards and assessments in individual states
since the publication of the NRC framework and the NGSS. It reviews the current status
regarding state adoptions of science standards that are either identical to NGSS or that are
partially aligned with the NGSS (i.e., NRC framework and NGSS “alike”), as well as states
with science standards that have no claimed alignment with either the NGSS or NRC
framework. For those states with science standards that are NRC framework/NGSS alike,
results are summarized from a study examining content alignment between those state
standards and the NAEP science framework (Dickinson et al., 2021). The section also
includes a summary of the status of the design and implementation of state science
assessments relative to their currently adopted standards. This consideration is limited to
states that have adopted the NGSS and those whose adopted standards are NRC
framework/NGSS alike. The section includes a brief review of the status of the
implementation of curricular and instructional practices in states relative to the NRC
framework and NGSS. Results are based on the most recent (2018) National Survey of
Science and Mathematics Education. The section concludes with a consideration of trends in
NAEP science performance for the last 12 years and some possible implications for future
NAEP science assessments.
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Overall Purpose and Organization

Section IV provides a brief discussion of advances in technology as related to the assessment
of science and engineering knowledge and skills. It considers how various developments in
digital technologies should be considered in reviewing the existing NAEP Science
framework and assessment and envisioning possibilities for their updating. Discussion
focuses on the affordances of technology with respect to the constructs that could be
included in a revised framework and the associated task design, data capture, and data
analytic issues involved in an assessment aligned to an updated framework. The section
concludes with a brief discussion of practical and equity concerns related to digitally based
assessment of science and technology proficiency.

Section V contains a set of conclusions and recommendations as input to the NCES and
NAGB process of reviewing the NAEP science framework and considering possible
revision. Conclusions and recommendations are based on the major findings presented in
the prior sections.

NAEP Validity Studies White Paper:
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Section I: Background, Timeline, and Inputs

SECTION I: BACKGROUND, TIMELINE, AND INPUTS

Relevant History: NAEP Science and NAEP TEL

NAEP Science

NAEP science is based on a framework that was adopted in 2005 for the 2009 assessment
(NCES, 2009, 2014). That framework was used for the 2015 and 2019 administration of
science at grades 4, 8, and 12. It will be used once more for the 2024 (originally 2023)
administration of science at eighth grade only. The 2028 (originally 2027) operational
administration of the science assessment at grades 4 and 8 at the national, state, and large
urban district levels is supposed to be based on an updated science framework.

NAEP TEL

The NAEP TEL assessment is based on a framework developed for grades 4, 8, and 12 in
the 2011-2012 period for the 2014 assessment at grade 8. That framework was used for the
2018 TEL administration for grade 8. It will be used twice more for the 2024 (originally
2023) and 2028 (originally 2027) TEL administrations for grade 8. Both planned TEL
administrations overlap with NAEP science administrations: 2024 overlaps with the current
science framework and assessment, and 2028 overlaps with the new science framework and
assessment.

NAEP Science and TEL—Possible Merger

Discussions have been held within NAGB about possibilities for combining NAEP science
and TEL, especially because both are now digitally based assessments. Doing so may make
logical sense given overlaps in conceptual coverage with contemporary U.S. science and
technology frameworks. Another benefit could be cost savings realized by having a single
assessment representing key aspects of knowledge and skill for science and technology. Such
a merger clearly would be most beneficial for the planned 2028 administration of both
science and TEL. NAGB therefore may wish to consider developing a single 2028
assessment based on a new integrated science and technology framework.

Status and Plans for Review, Update, and/or Revision of the NAEP
Science Framework

NAGRB has started the process needed to consider updating the science framework for
application in the design of the 2028 grades 4 and 8 science assessment. Given the current
timeline, it appears that a decision about the need for and the scope of a science framework
revision will be completed during 2022. Work toward making such a decision includes:

e Detailed information available in an NCES report issued in 2016 titled A Comparison
Between the Next Generation Science Standards (NGSS) and the National Assessment of
Educational Progress (NAEP) Frameworks in Science, Technology and Engineering Literacy, and
Mathematics Neidorf et al., 2016). Information about the results of this study is
presented in Section II.

e A recently completed study by HumRRO titled Comparative Analysis of the NAEP
Science Framework and State Science Standards (Dickinson et al., 2021) in which content
overlap was examined between the NAEP science framework and the science

NAEP Validity Studies White Paper:
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Section I: Background, Timeline, and Inputs

standards of individual states. Classification of state standards was based on
information from the National Science Teachers Association (NSTA) specifying
which states have current standards that are identical to NGSS, partially NGSS, or
non-NGSS. The focus for the analysis was on alignment between the NAEP science
framework and the standards of the partial NGSS and non-NGSS states.
Information about the results of this study is presented in Section III.

e Input from a group of five or more experts, each of whom would consider the
information derived from the two studies mentioned above—the 2016 AIR
comparison of NAEP to NGSS (Neidorf et al., 2016) and the more recent
HumRRO analysis of state standards relative to NAEP (Dickinson et al., 2021)—as
well as other factors given the expert’s experience in the field of science education, to
present their thoughts on whether the framework needs to be changed and why.

e NAGB recently issued a public call for input on the NAEP science framework
regarding its revision. NAGB requested responses from interested parties by
October 15, 2021.

NAGB is scheduled at its March 2022 meeting to consider whether to move ahead with a
revision of the science framework for application in the design of the 2028 science
assessment. The board also will consider the input received from the various sources
mentioned above. The timing of these activities should NAGB choose to recommend a
science framework revision would easily extend into 2023 if not beyond. Given existing
statutes, NAGB will convene two panels based on their policy INAGB, 2018a, p. 5):

¢ The Framework Visioning Panel shall formulate high-level guidance about the
state of the field to inform the process, providing these in the form of guidelines.
The major part of the Visioning Panel work will be at the beginning to provide initial
guidance for developing a recommended framework. The Visioning Panel shall be
composed of the stakeholders referenced in the introduction above. At least 20
percent of this panel shall have classroom teaching experience in the subject areas
under consideration. This panel may include up to 30 members with additional
members as needed.

e The Framework Development Panel shall develop drafts of the three project
documents and engage in deliberations about how issues outlined in the Visioning
Panel discussion should be reflected in a recommended framework. As a subset of
the Visioning Panel, the Development Panel shall have a proportionally higher
representation of content experts and educators, whose expertise collectively
addresses all grade levels designated for the assessment under development.
Educators shall be drawn from schools across the nation, who work with students
from high-poverty and low-performing schools, as well as public and private schools.
This panel may include up to 15 members, with additional members as needed.
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The timeline for initiating and completing the work of the panels remains to be specified,
and because the work of the development panel follows from the work of the visioning
panel, its work would end sometime in 2023 or later, pending public review of a draft
framework and commentary with subsequent revision and then final adoption by NAGB. A
revised framework would be used to develop the design and tasks for the 2028 NAEP

science assessment.
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Section Il. Analysis of the NAEP Science Framework Relative to Other Contemporary Science and Technology
Frameworks

SECTION Il. ANALYSIS OF THE NAEP SCIENCE FRAMEWORK RELATIVE
TO OTHER CONTEMPORARY SCIENCE AND TECHNOLOGY
FRAMEWORKS

This section examines how the NAEP science framework and assessment and NAEP TEL
framework compare with the NRC Framework for K—12 Science Education (hereafter, NRC
framework) and the derivative Next Generation Science Standards (NGSS). It begins with a brief
description of key elements of each of the four reference sources and is followed by a
summary of results from a detailed study of the correspondences between the two NAEP
frameworks and the NGSS. Highlighted in the summary are important areas of similarity and
dissimilarity and some of the implications relative to assessment.

Overview of the NAEP Science Framework and Assessment

As noted earlier, the current NAEP science assessment is based on a framework originally
developed for the 2009 assessment administration at grades 4, 8, and 12. That framework
also was used for the 2011 administration at grade 8 and the 2015 and 2019 administrations
at grades 4, 8, and 12. The framework is scheduled to be used once more for the 2024
administration for eighth grade only. The scheduled 2028 operational administration of
science for grades 4 and 8 is supposed to be based on an updated science framework.

The current NAEP science framework (NAGB, 2008, 2014) was developed approximately
4 years before the 2009 administration and incorporated ideas from contemporary theory
and research on science learning and assessment including synthesis volumes from the NRC:
How People 1 earn: Brain, Mind, Experience and School (Bransford et al., 2000); Knowing What
Students Know: The Science and Design of Educational Assessment (Pellegrino et al., 2001); Systems
of State Science Assessment (Wilson & Bertenthal, 2005) and Taking Science to School
(National Research Council, 2007). The framework included important ideas about the
learning and knowing of both science content and science practices with a particular
emphasis on their integration as discussed below.

Science Content. The science content for NAEP is defined by a series of statements that
describe key facts, concepts, principles, laws, and theories in three broad areas: physical
sciences, life sciences, and Farth and space sciences. Table 1 shows the major topics and
subtopics within each of the three major science domains. The nature of the specific content
knowledge changes in both scope and sophistication across the three grade levels.

Table 1. NAEP science content areas and topics

Physical sciences Life sciences Earth and space sciences
Matter Structures and functions of living systems Earth in space and time
 Properties of matter ¢ Organization and development ¢ Objects in the universe
¢ Changes in matter » Matter and energy transformations  History of Earth
« Interdependence

Energy Earth structures
e Forms of energy  Properties of Earth materials
¢ Energy transfer and ¢ Tectonics

conservation

NAEP Validity Studies White Paper:
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Physical sciences Life sciences Earth and space sciences

Motion Changes in living systems Earth systems
¢ Motion at the macroscopic e Heredity and reproduction ¢ Energy in Earth systems
level « Evolution and diversity e Climate and weather

« Forces affecting motion » Biogeochemical cycles

SOURCE: National Assessment Governing Board, 2014, Exhibit 4, p. 19. Reprinted with permission.

Science Practices. The second dimension of the framework is defined by four science practices:
Identifying Science Principles, Using Science Principles, Using Scientific Inquiry and Using
Technological Design. In the NAEP science framework, the first two practices (Identifying
Science Principles and Using Science Principles) generally are considered as “knowing
science,” and the last two practices (Using Scientific Inquiry and Using Technological
Design) are considered as the application of that knowledge to “doing science” and “using
science to solve real-world problems.”

Table 2 provides a high-level description of the nature of each specific practice in terms of
the types of cognitive demands placed on students as they engage in a practice as applied to

a topic from a specific science content area.

Table 2. NAEP science practices: General labels and specific applications

Practice Label

Practice Applications

Identifying Science Describe, measure, State or recognize

Demonstrate rela-

Demonstrate

Principles or classify correct science tionships among  relationships among
observations. principles. closely related different
science principles. representations of

L principles.
C  Using Science Explain Predict observations Suggest examples Propose, analyze,
'S Principles observations of of phenomena. of observations and/or evaluate
% phenomena. that illustrate a alternative
g science principle.  explanations or
> predictions.
*g Using Scientific Inquiry Design or critique ~ Conduct scientific ~  Identify patterns in  Use empirical
§ aspects of scientific investigations using data and/or relate  evidence to validate
© investigations. appropriate tools patterns in datato or criticize
T and techniques. theoretical models. conclusions about
= explanations and
E predictions.
8 Using Technological Propose or critique  Identify scientific Apply science
] Design solutions to prob-  tradeoffs in design  principles or data

decisions and
choose among
alternative solutions.

lems given criteria
and scientific
constraints.

to anticipate
effects of
technological
design decisions.

SOURCE: National Assessment Governing Board, 2014, Exhibit 13, p. 76.

Performance Expectations—Combining Content and Practices. The design of the NAEP science
assessment is guided by the framework’s descriptions of both the science content and
science practices to be assessed but with the key assumption that the practices are to be
combined with a science content statement to generate specific student performance

NAEP Validity Studies White Paper:
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Frameworks

expectations that serve as the target for assessment. Assessment items are then developed
based on the description of each specific performance expectation.

Using the logic of specific performance expectations as a guide for item development
processes, items are then designed to vary the cognitive demands of tasks, a process that
then influences the conclusions to be made about student performance. Such a process of
item development can be represented schematically as shown in Figure 1.

Figure 1. NAEP assessment item development model

Performance
Expectations
L -
generate

| Assessment |
- - Items
/ H\\\ ______---"'--- ., A
| Items place cognitive |« l that elicit
demands on students.

These cognitive demands Student
can be used as tools for | Responses
3 H 3 LS -
?Sf;il;%;:;f d‘:’:ll l that are_mlerpreled
as evidence of

responses. ~—— P -

\ - | What Students
- —/ Know and Can Do
. in Science )

SOURCE: National Assessment Governing Board, 2014, Exhibit 2, p. 12.

In 2009, 2011, and 2015, NAEP science was administered as primarily a paper-and-pencil
test. In 2019 a major shift occurred when NAEP science was administered for the first time
as an entirely digitally based assessment. The Nation’s Report Card (2019) provides a
description of the new digital assessment:

The NAEP digitally based science assessment consisted of standalone, discrete
questions, and scenario-based tasks comprising a connected sequence of questions.
Scenario-based tasks were designed to engage students in scientific inquiry through
hands-on activities and computer simulations set in real-world contexts. The tasks
provided students opportunities to demonstrate their knowledge and skills in each of
three science content areas and four science practices. The science assessment
included two types of scenario-based tasks:

NAEP Validity Studies White Paper:
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e Interactive computer tasks (ICTs). ICT's use real-world simulations to engage
students in scientific investigations that require the use of science inquiry skills
and application of scientific knowledge to solve problems.

e Hybrid hands-on tasks (HHOTS). Students perform hands-on scientific
investigations using materials in kits provided by NCES. The “hybrid” in
HHOTSs denotes that these tasks combine hands-on investigations with digital
activities. Students use NCES-supplied tablets to view kit instructions, record
results and data, and answer assessment questions.

Overview of the NAEP TEL Framework and Assessment

As noted earlier, a TEL framework was developed for the first TEL assessment in 2014 at
grade 8 and was used again for the 2018 TEL at grade 8. It is scheduled to be used twice
more for the 2024 and 2028 TEL administrations at grade 8.

The development of this framework and assessment was motivated by several factors. In the
science education community, a call for preparing students with technology and engineering
literacy has been long awaited. The Science for All Americans report (American Association for
the Advancement of Science, 1990) explicitly suggested that science education should
incorporate technology and engineering as a form of scientific inquiry. Bybee (2010)
proposed an advance to STEM education by integrating technology and engineering with
science and mathematics education. He argued that “there are very few other things that
influence our everyday existence more [than technology] and about which citizens know
less” (Bybee, 2010, p. 30). Bybee suggested extending traditional information communication
technology education by integrating ICT's with other subjects. He further pointed out that
involving students in engineering activities could promote their abilities for both problem
solving and innovation. He also acknowledged that engineering as typically presented in
schools was inconsistent with its careers and contributions to society, and thus authentic
scenarios needed to be developed for both learning and assessment (Bybee et al., 2009).

The NRC report, Education for Life and Work: Developing Transferable Knowledge and Skills in the
21st Century, identified information literacy and ICT literacy as two of the most frequently
mentioned critical competencies for students to succeed in the 21st century (Pellegrino &
Hilton, 2012). That report discussed various foundations for education, and STEM
education in particular, including preparing future entrants to the labor market with the
ability to adapt to technological changes in society rather than simply acquiring static bits of
knowledge. Similarly, another 2012 NRC report, the Framework for K—12 Science Education
(NRC, 2012), framed one of the overarching goals of science education as the development
of students who “are careful consumers of scientific and technological information related to
their everyday lives” (p. 1). The framework explicitly includes “Engineering, Technology,
and Applications of Science” as one of four disciplinary core ideas and describes “defining
problems, design solutions, and using computational thinking’ as critical components of
science and engineering practices. Further discussion of the NRC framework follows this
section on TEL.

These and other trends related to technology and engineering literacy spurred the
development of a TEL framework and inclusion of the TEL assessment as part of the
NAEP program. The goal of TEL has been to obtain information about students’

NAEP Validity Studies White Paper:
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Frameworks

understanding of technology and its effect on our society and environments, as well as
students’ ability to design solutions to solve real-world problems. The TEL framework
describes TEL as the “capability to use, understand, and evaluate technology as well as to
understand technological principles and strategies needed to develop solutions and achieve
goals” (NAGB, 2013, p. xi). Specifically, the framework identified three interconnected areas
to be assessed (NAGB, 2018b, p. xii) as follows:

Technology and Society deals with the effects that technology has on society and the
natural world and with the sorts of ethical questions that arise from those effects.
Knowledge and capabilities in this area are crucial for understanding the issues
surrounding the development and use of various technologies and for participating
in decisions regarding their use.

Design and Systems covers the nature of technology, the engineering design process by
which technologies are developed, and basic principles of dealing with everyday
technologies, including maintenance and troubleshooting. An understanding of the
design process is particularly valuable in assessing technologies, and it can also be
applied in areas outside technology, since design is a broadly applicable skill.

Information and Communication Technology includes computers and software learning
tools, networking systems and protocols, hand-held digital devices, and other
technologies for accessing, creating, and communicating information and for
facilitating creative expression. Although it is just one among several types of
technologies, it has achieved a special prominence in technology and engineering
literacy because familiarity and facility with it is essential in virtually every profession
in modern society.

Students taking the TEL assessment are expected to succeed in the following three types of
thinking and reasoning practices:

Understanding technological principles focuses on students’ knowledge and understanding
of technology and their capability to think and reason with that knowledge;

Developing solutions and achieving goals refers to students’ systematic application of
technological knowledge, tools, and skills to address problems and achieve goals
presented in societal, design, curriculum, and realistic contexts; and

Commmunicating and collaborating centers on students’ capabilities to use contemporary
technologies to communicate for a variety of purposes and in a variety of ways,
working individually or in teams. (NAGB, 2018b, pp. 3-2-3-3)

The TEL assessment has developed scenario-based tasks designed to engage students in
multimedia environments to gauge students’ understanding of technological and engineering
principles and their ability to apply such principles to determine design solutions. Most of
TEL’s assessment tasks are computer simulation problems involving technology and
engineering scenarios.

NAEP Validity Studies White Paper:
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Overview of the NRC Science Education Framework and Next
Generation Science Standards

Based on multiple sources of evidence and discussions about the knowing and learning of
science, the nature of science education as it had been practiced in the United States, and
evidence of relatively poor student achievement in science across K—16+, agreement
emerged during the early part of this century about the need for substantial change in science
standards, instruction, and assessment, including what we expect students to know and be
able to do in science, how science should be taught, and how it should be assessed.

Recognition of this science education problem can be found in reports spanning
elementary, secondary, and postsecondary education (K—16+). These reports present
a consistent description of the nature of competence in science and include NRC
reports on K-8 science education in formal and informal learning environments
(NRC, 2007, 2009); curriculum and assessment frameworks for Advanced Placement
(AP) science courses (e.g., College Board, 2011a, 2011b); and even revisions in the
nature of the science knowledge required for entry to medical school and assessed on
the Medical College Admissions Test (e.g., American Association of Medical
Colleges, 2012). (Pellegrino, 2016, p. 5)

Reconceptualization of the nature of science competence emergent from these many and
diverse sources was captured to some extent in the College Board’s standards for success in
high school science (College Board, 2009). Their most complete expression for all K—12
science education was presented in the 2012 NRC report, A Framework for K—12 Science
Education. Practices, Crosscutting Concepts and Core Ideas. The NRC framework report contains
many important key ideas, including articulation of three interconnected dimensions of
science competence as denoted in the report’s title. The three dimensions are Disciplinary
Core Ideas (DClIs), Crosscutting Concepts (CCCs), and Science and Engineering Practices
(SEPs). The NRC framework provides detailed descriptions of each dimension, the concepts
that each dimension encompasses, and the rationale for their inclusion. Figure 2 provides a
list of the dimensions and their associated high-level concepts.

DClIs are the big ideas associated with a discipline, like life science, and which are essential to
explaining phenomena. CCCs are ideas like systems thinking that are important across many
science disciplines and provide a unique lens to examine phenomena. SEPs are the multiple
ways of knowing and doing science and engineering, like developing models and
constructing explanations that scientists and engineers use to study the natural and designed
world. The framework focuses on the need for the integration of these three dimensions in
science and engineering education. The knowledge associated with each of the three
dimensions must be integrated in the teaching, learning, and doing of science and
engineering, and in assessing what students know and can do. The framework emphasizes
research indicating that learning about science and engineering “involves integration of the
knowledge of scientific explanations (i.e., content knowledge) and the practices needed to
engage in scientific inquiry and engineering 