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The National Academy of Sciences was established in 1863 by an Act of 
Congress, signed by President Lincoln, as a private, nongovernmental 
institution to advise the nation on issues related to science and technology. 
Members are elected by their peers for outstanding contributions to research. 
Dr. Marcia McNutt is president. 
 
The National Academy of Engineering was established in 1964 under the charter of 
the National Academy of Sciences to bring the practices of engineering to advising the 
nation. Members are elected by their peers for extraordinary contributions to 
engineering. Dr. C. D. Mote, Jr., is president. 
 
The National Academy of Medicine (formerly the Institute of Medicine) was 
established in 1970 under the charter of the National Academy of Sciences to advise 
the nation on medical and health issues. Members are elected by their peers for 
distinguished contributions to medicine and health. Dr. Victor J. Dzau is president. 
 
The three Academies work together as the National Academies of Sciences, 
Engineering, and Medicine to provide independent, objective analysis and advice to 
the nation and conduct other activities to solve complex problems and inform public 
policy decisions. The National Academies also encourage education and research, 
recognize outstanding contributions to knowledge, and increase public understanding 
in matters of science, engineering, and medicine.  
 
Learn more about the National Academies of Sciences, Engineering, and Medicine at 
www.nationalacademies.org.  
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Consensus Study Reports published by the National Academies of Sciences, 
Engineering, and Medicine document the evidence-based consensus on the 
study’s statement of task by an authoring committee of experts. Reports 
typically include findings, conclusions, and recommendations based on 
information gathered by the committee and the committee’s deliberations. 
Each report has been subjected to a rigorous and independent peer-review 
process and it represents the position of the National Academies on the 
statement of task. 
 
Proceedings published by the National Academies of Sciences, Engineering, 
and Medicine chronicle the presentations and discussions at a workshop, 
symposium, or other event convened by the National Academies. The 
statements and opinions contained in proceedings are those of the participants 
and are not endorsed by other participants, the planning committee, or the 
National Academies. 
 
For information about other products and activities of the National Academies, please 
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1 
Introduction 

 
THE IMPORTANCE OF SCIENCE EDUCATION AND INSTRUCTIONAL 

MATERIALS 
 
 
 
 
 
Instructional materials are a key means to achieving the goals of science education—an 

enterprise that yields unique and worthwhile benefits to individuals and society. Science itself is 
a democratizing force, stated Rush Holt, chief executive officer for the American Association for 
the Advancement of Science, in the keynote address at the Workshop on the Design, Selection, 
and Implementation of Instructional Materials for the Next Generation Science Standards 
(NGSS), convened June 27–28, 2017, in Washington, DC. Science arms citizens with a way to 
ask questions that can be answered empirically and verifiably, he continued, and it provides the 
best insurance against deception from oneself or others. The same logic that leads from one 
scientific finding to another can also inform individual lives and public policy, he added. 

Whether science is learned in a formal school setting or outside of school, science 
education is about teaching the process for understanding how physical, biological, or geological 
systems work. To do this, explained Holt, science education cannot focus only on the facts that 
science has yielded. Instead, it needs to equip citizens to recognize evidence and, when possible, 
to collect the evidence and analyze it for themselves. The goal is not to produce scientific 
experts. Though laudable, models of science education designed to produce world-class 
scientists and engineers also leave behind the vast majority of citizens. Science education for all 
should be focused on empowering citizens, according to Holt.  

Transformations in the way that science is taught across the country are underway. These 
changes at the elementary and secondary level have been shaped primarily by A Framework for 
K–12 Science Education (referred to as “the Framework”; National Research Council, 2012) and 
the Next Generation Science Standards (NGSS) (NRC, 2013). The NGSS were authored by a 
consortium of 26 states facilitated by Achieve, Inc. and were released in 2013. These standards 
are based on the Framework, which was developed under the auspices of the Board on Science 
Education at the National Academies of Science, Engineering, and Medicine. Together, these 
two documents provide guidance for improving science education that both builds on previous 
national standards for science education and reflects research-based advances in learning and 
teaching science. The three dimensions of science learning are described in the Framework and 
inform the design of the NGSS (see Figure 1-1). 

To date, 18 states, the District of Columbia, and the Department of Defense Education 
Activity have adopted the NGSS. Moreover, 13 other states have adopted science standards since 
2013. They have used the vision of the Framework as a guide for improving science instruction 
and revising their own standards. Additionally, many districts have taken advantage of local 
options and have independently decided to implement the NGSS.  As states and districts move 
forward with adoption and implementation of the NGSS or work on improving their instruction 
to align with the Framework, instructional materials that align with this new vision for science 
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education have emerged as one of the key mechanisms for creating high-quality learning 
experiences for students. 

James Short of the Carnegie Corporation of New York highlighted a model developed by 
Richard Elmore (2008). The model suggests that to improve student learning at scale, three 
levers must be raised simultaneously: 1) teachers’ knowledge and skill through professional 
learning; 2) the level of content through standards and assessments; and 3) the level of students’ 
active learning through instructional materials.  

Improvements in these areas—professional learning, standards of assessment that reflect 
the content in the NGSS, and instructional materials—are also supported by fostering smart 
supply of and demand for them, while reducing barriers and accelerating innovation, as depicted 
in Figure 1-2. According to Short, “smart” supply and demand requires adhering to key 
principles and approaches “to guide the implementation, to guide how we integrate and 
[collaborate and coordinate] with the different stakeholders that result in high-quality, open 
education resources and address equity and access for all students.”  
 

GOALS OF THE WORKSHOP 
 

Many efforts are underway to support the design and implementation of instructional 
materials for science education in ways that build from the Framework. In response to the need 
for more coordination across these efforts, the Board on Science Education at the National 
Academies of Sciences, Engineering, and Medicine convened a public workshop on June 27 and 
28, 2017. The workshop focused on the development of instructional materials that reflect the 
principles of the Framework and the NGSS, as described in the planning committee’s Statement 
of Task (see Box 1-1).  
 According to the workshop planning committee chair, Michael Lach, the committee 
examined the vast array of strategies that schools, districts, and states are using to enact NGSS 
and sought to determine the role of instructional materials in those strategies. The committee 
designed the workshop to explore what the NGSS look like in instructional materials and tools 
for measuring quality; how the complex systems and marketplace of instructional materials 
affect the adoption of materials; the role of instructional materials in fostering educational 
equity; and the steps needed to implement the materials in the classroom to benefit students. The 
planning committee also sought to learn ways to apply lessons learned in English Language Arts 
and mathematics to science education. 

 
BOX 1-1 Statement of Task 
 
The Board on Science Education at the National Academies of Sciences, Engineering, and 
Medicine proposes to convene a 2-day public workshop focused on discussing the development 
of instructional materials that reflect the principles of the Framework for K–12 Science 
Education and the Next Generation Science Standards. The workshop will bring together 
individuals and organizations that have developed or are developing tools for selection and 
design of instructional materials as well as curriculum developers and researchers who are 
designing materials aligned with the NGSS.  
 
The workshop will address four main topics: 
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1. Discussion of materials consistent with the Framework and NGSS 
 What criteria are developers using to guide their work and how do they determine 

whether materials are consistent with the Framework and NGSS? 
 What are the key challenges developers encounter in developing and piloting 

instructional materials? 
 What tools are available or are planned to help guide development efforts? 

2. Selection of materials 
 How are districts and schools identifying materials that are consistent with the 

Framework and NGSS? 
 What tools currently exist or are being developed that can aid in selection? 
 What additional tools or guidance would be helpful? 

3. Implementation of materials with particular attention to professional learning 
 What strategies are districts and states using to support teachers as they implement 

new instructional materials? 
 What role do curriculum developers play in providing professional learning 

opportunities for teachers? 
4. Collaboration across stakeholders 

 What mechanisms might the community develop to provide wide access to new 
materials, allow developers to coordinate with each other, and offer a way to verify 
the quality of materials? 
 

A proceedings of the workshop will be prepared by a designated rapporteur in accordance with 
institutional guidelines. 
 

ORGANIZATION OF THIS PROCEEDINGS 
 
 The workshop was organized by an independent planning committee in accordance with 
the procedures of the National Academies of Sciences, Engineering, and Medicine. (See 
Appendix A for the agenda and Appendix B for biographical information for the committee 
members and presenters.) This proceedings summarizes the discussions that occurred throughout 
the workshop, and highlights the key points raised during the presentations, moderated panel 
discussions, breakout groups, and open discussions among the workshop participants. Chapter 2 
presents the current state of efforts to implement the Next Generation Science Standards 
(NGSS). Chapter 3 describes existing tools and approaches for addressing challenges with 
developing and selecting instructional materials that faithfully align with NGSS, important 
elements of materials to consider, and ways that lessons learned from mathematics education 
might be applied to science education. Chapter 4 describes models for development, distribution, 
and adoption of materials. It also features discussion of the market for instructional materials and 
how teachers identify and use materials. Chapter 5 focuses on issues of implementation—
designing for equity, meeting the professional learning needs of teachers, and building capacity 
in the system. Chapter 6 presents participant ideas for next steps (also see Appendix C).1  

In accordance with the policies of the Academies, this proceedings has been prepared by 
the workshop rapporteur as a factual summary of what occurred at the workshop. The workshop 

                                                 
1Videos of presentations and additional materials prepared or compiled for this workshop can be found at 

http://sites.nationalacademies.org/DBASSE/BOSE/CurrentProjects/DBASSE_179325  [December, 2017]. 
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did not attempt to establish any conclusions or recommendations about needs and future 
directions, focusing instead on issues identified by the speakers and workshop participants. 
Statements, recommendations, and opinions expressed are those of individual presenters and 
participants, do not necessarily represent the views of all workshop participants or the planning 
committee, and are not necessarily endorsed or verified by the Academies. They should not be 
construed as reflecting any group consensus. The planning committee’s role was limited to 
setting the agenda and convening the workshop. 
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FIGURE 1-1  Three Dimensions of Science Learning 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
SOURCE: National Research Council. (2012). A Framework for K-12 Science Education: 
Practices, Crosscutting Concepts, and Core Ideas. Washington, DC: The National Academies 
Press.   

Scientific and Engineering Practices 
1. Asking questions and defining problems 
2. Developing and using models 
3. Planning and carrying out investigations 
4. Analyzing and interpreting data 
5. Using mathematics and computational thinking 
6. Constructing explanations and designing solutions 
7. Engaging in arguments from evidence 
8. Obtaining, evaluating, and communicating information 

Crosscutting Concepts 
•  Patterns 
•  Cause and effect 
•  Scale proportion and quantity 
•  Systems and system models 
•  Energy and matter 
•  Structure and function 
•  Stability and change 

Disciplinary Core Ideas 
• Physical Sciences 
• Life Sciences  
• Earth and Space Sciences 
• Engineering, Technology, and the 
Applications of Science 
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2 
Current State of K–12 Science Instruction  

 
 
 
 
 

 Describing the current state of science instruction and efforts to implement the Next 
Generation Science Standards (NGSS) can help equip curriculum developers and researchers 
with a better understanding of how they can meet the needs of users and increase the likelihood 
that instructional materials will ultimately benefit students. To that end, workshop participants 
gained insights from a national survey of science and math teachers and from panelists 
representing the state, district, school, and teacher perspectives. 

 
THE CURRENT STATE OF SCIENCE CURRICULUM AND INSTRUCTION IN THE 

UNITED STATES 
 

Sean Smith from Horizon Research presented data from the 2012 National Survey of 
Science and Mathematics Education (NSSME),1 a nationally representative survey of teachers of 
science and mathematics across all grade levels. Although the data predate the NGSS, Smith 
noted that for many reasons, much of science instruction in the United States does not yet match 
the NGSS standards. As a result, the data still illustrate the “starting points” for many teachers 
and classrooms. 

Smith presented a subset of data on science instruction and curriculum from the NSSME 
important to consider or address directly in the development and implementation of NGSS-
aligned instructional materials. Teachers were asked to answer questions about one of their 
randomly selected classes. He noted that although many aspects of the overall survey revealed 
disparities across communities, income levels, or race and ethnicity, they found no such 
disparities in science instruction or curriculum use by these factors.  

In this survey, science instruction encompassed three areas: teachers’ science objectives, 
the time spent on trying to accomplish objectives, and activities used. Teachers report that a 
primary objective of most science classes across all grade levels is teaching science concepts, 
especially at the middle (80 %) and high school levels (80 %). Nearly half of all teachers across 
all levels of schooling named learning science processes2 and the real-world applications of 
science as learning objectives. Far fewer teachers (10–13 %) reported objectives aimed at 
helping students memorize science facts and vocabulary.   

The NSSME survey also examined how much time is spent on science instruction. At the 
K–3 level, 41 percent of classes received science instruction some weeks, but not every week. In 
grades 4–6, about one-third of classes received science instruction almost every day, one-third 
received science instruction 1–3 days per week, and one-third received science instruction less 
than weekly. Across all elementary grades when science is taught, teachers spend on average 20 
minutes per lesson, compared with approximately 90 minutes and 1 hour devoted to reading and 
math, respectively. In middle and high school, the time is more evenly divided among the 
                                                 

1See http://horizon-research.com/NSSME/2012-nssme/research-products for more detailed information 
about this survey and its methodology [December, 2017]. 

2This wording reflects pre-NGSS terminology. The NGSS focus on science practices rather than processes. 
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subjects. These data have implications for how much science can be addressed in a school year, 
stated Smith. Although elementary teachers may be most pressed for time given the many 
subjects they must cover, Smith said he believes that they present the greatest opportunity for 
faithful implementation of the NGSS. Teachers can incorporate science teaching across subjects 
like reading and math, he explained. However, data from the NSSME indicate that only one-third 
of elementary teachers or fewer feel very well prepared to teach science, with only 4 percent 
feeling very well prepared to teach engineering. 

Activities with the potential for NGSS-alignment include small-group, hands-on, or 
laboratory activities that require students to provide evidence for their claims; use tables, graphs, 
or charts to represent or analyze data; write reflections; and engage in project-based learning. 
Teachers were asked to consider the frequency with which they used these and other types of 
activities in their science instruction. As shown in Figure 2-1, between 72 and 83 percent of 
classes include small-group instruction, but between 55 and 70 percent of classes employ hands-
on activities and between 54 and 64 percent classes require the use of evidence to support claims 
across all grades at least once per week. Between 22 and 28 percent of classes use small-group 
instruction in all or almost all of their lessons, but fewer than 20 % use hands-on activities or 
require evidence in nearly all of their lessons. More hands-on laboratory work occurs at the high 
school level than in middle or elementary school. Smith stressed that there is no way to know 
through this survey if these activities are carried out in the way envisioned by the NGSS. 

Some instructional approaches that are less aligned with NGSS are used frequently, 
according to the survey. Nearly all classes at all grade levels use whole-group instruction to 
explain science concepts, with about one-half of classes using this strategy in each lesson. 
Between 37 percent and 56 percent of classes have students read from a textbook or from other 
materials at least once per week, although many fewer have students do this at every lesson (7–
15 %). Approximately 20 percent of classes involve standardized test preparation at least once 
per week across all grade levels, with about 5 percent engaging in test preparation at every 
lesson. 

Smith also presented data on the instructional materials teachers are currently using and 
how they are using them to teach science. Between 69 and 80 percent of teachers report using a 
commercially published textbook or program; however, as Figure 2-3 illustrates, the majority of 
teachers at the elementary level are using a “mix-and-match” approach to instructional materials. 
Nearly one-third of teachers report that they use primarily noncommercial materials. In middle 
and high school, teachers more often use a single textbook, but still a substantial proportion use 
multiple materials, including noncommercial materials. Smith reported that preliminary 
interviews with 5th-grade teachers from another study illustrate that topical alignment and the 
potential for student engagement may be important considerations that teachers weigh when they 
select materials for science education. 

NSSME data show that of those teachers who use at least one commercially published 
material, 35 percent of elementary teachers use the material 75–100 percent of the time. 
However, this percentage of time drops across the grades, with only 13 percent of high school 
teachers reporting that they use the material 75–100 percent of the time. In fact, nearly one-half 
of high school teachers use the published material less than 25 percent of the time. In addition, 
although many teachers (64–77 %) use a textbook to guide the overall structure of units they 
teach, nearly one-half of teachers report that they choose the “important” material and skip the 
remaining material in the text. Smith underscored that how teachers use instructional materials is 
as important as whether they are using them. However, many teachers are using materials that 
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may be old, said Smith. During a comment period following Smith’s presentation, one 
participant commented that age of the curriculum may affect teachers’ decisions to find 
supplemental materials. 

Smith identified several key takeaway messages from the NSSME data. In his view, 
curriculum developers need to consider the time that teachers, especially at the elementary level, 
spend on science. They should also consider what teachers say their objectives are and what 
activities they currently use in the classroom. Finally, developers should consider teachers’ 
approaches to using instructional materials and how they ideally intend for teachers to use the 
materials they develop. 

 
CURRENT SCIENCE INSTRUCTION EFFORTS AND NEEDS: STATES, DISTRICTS, 

SCHOOLS, AND TEACHERS  
  

 Tiffany Neill of the Oklahoma State Department of Education and Council of State 
Science Supervisors moderated a panel discussion on how states, districts, and schools are 
responding to the challenges of selecting materials and implementing the NGSS. A panel of three 
teachers, representing elementary, middle, and high school science education, also presented 
their views on implementing instructional materials in their science classrooms. 
 

Experiences from Two States: Louisiana and South Dakota 
 

Jill Cowart of the Louisiana Department of Education leads both math and science 
instruction at the state level. This dual role has enabled her to apply lessons from mathematics 
education to science education. In Louisiana, Cowart explained, curriculum matters because it 
affects the coherence and consistency of the instruction that students experience year to year. 
Curriculum also affects the professional development that teachers receive. In mathematics, 
curriculum has become the vehicle through which teachers understand the standards. In her view, 
“no amount of training on the standards, no amount of webinars, no amount of superstar 
presenters standing up is going to help our teachers get to that depth of understanding until they 
have a quality, aligned, coherent curriculum in their hands.” Curriculum also matters for equity, 
she said. Cowart explained that high-risk students often have teachers who struggle with 
coherence and understanding science content. These students and teachers can benefit most from 
a quality curriculum.    

Given these beliefs, Louisiana engages in state-level curriculum reviews using their own 
rubric that draws from two nationally developed rubrics: Educators Evaluating the Quality of 
Instructional Products (EQuIP) and the Primary Evaluation of Essential Criteria (PEEC).3 They 
also draw from lessons learned from math and English Language Arts curriculum reviews. 
Curriculum reviewers for science are soon to be trained, and their reviews will begin in summer 
2017.  

Cowart presented three challenges to the attendees. First, she noted the need for a high-
quality science curriculum aligned to the standards that features the three dimensions of learning 
(disciplinary core ideas, science and engineering practices, and crosscutting concepts) embodied 
in the NGSS. Second, she emphasized the need to have this curriculum quickly. “I have 700,000 
kids showing up to school in August who deserve a quality science education,” she said. “I don’t 

                                                 
3See https://www.nextgenscience.org/resources/equip-rubric-lessons-units-science for more details on 

EQuIP. and https://www.nextgenscience.org/peec for more details on PEEC [December, 2017]. 
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care if it’s perfect. I don’t care if it’s partial. Start me with a scope and sequence. Start me with 
phenomena. Let me get that into my teachers’ hands. Let them figure it out as we figure out how 
to do the rest. We don’t have the time to be patient.” Last, she urged participants to be 
circumspect in how much they ask teachers and districts to do. 
 South Dakota serves about 132,000 students across 150 school districts that span a wide 
geographic area, explained Sam Shaw of the South Dakota Department of Education. He has 
worked over the last 7 years since the development of the Framework and through the adoption 
of South Dakota’s science standards in 2015 to provide professional development and 
implementation of the standards. Much of the training has focused on helping teachers 
understand the vision for science education focused on the NGSS three dimensions of science 
education. Shaw is finding that many teachers still feel uncomfortable with these dimensions.  
 Shaw explained that in South Dakota, much of education is locally controlled. The state 
has no role in requiring a particular curriculum or instructional materials, nor are teachers 
required to attend the regional trainings that he conducts. Whereas in the past he might have 
traveled to a district to reach several teachers for less than 1 hour of training, he now conducts 
half-day trainings with 30 teachers or more. However, he finds this amount of time still 
insufficient.  

Through a partnership with 12 other states and two universities on a research grant, South 
Dakota is also learning more from surveys and focus groups about its system of science 
education. This feedback is identifying ways that implementation efforts can meet teachers 
where they are. Teachers want to provide students with opportunities to connect classroom 
science with science outside the classroom. In addition, teachers prefer greater depth and less 
breadth to the science ideas they teach, would like to see students more often leading 
investigations, and want to use student ideas to guide and organize instruction. These findings 
are consistent with other states, which has allowed states to collaborate and develop plans 
together based on the needs of teachers and aligned to the Framework, he said.  

 
A District Experience 

 
 James Ryan, STEM executive director for the San Francisco Unified School District, has 
primary responsibility for implementing standards and overseeing the teams that carry out that 
implementation for the district’s 57,000 students across 120 schools. In his experience with 
implementing new curricula, most teachers tend to teach as they always have, but simply use 
different sets of readings, problems, or activities. To counter this, Ryan has been focusing on 
helping teachers feel a sense of ownership around curriculum, rather than focusing on 
compliance.  
 This approach is centered around three aspects of teaching and learning in each 
classroom: 1) agency, authority, and identity; 2) access to content for all learners in the 
classroom; and 3) uses of assessment. Teachers are partners in developing and piloting curricula. 
For example, teachers helped to develop and field test a curriculum available through Creative 
Commons4 that will be implemented in all 6th-grade classrooms. Teachers have also had a voice 
in changing how the classroom is structured and on the scope and sequence of projects, which 
has been important for teacher buy-in. At the high school level, hundreds of teachers have 

                                                 
4Creative Commons is an online platform that enables users to legally share and allow others to reuse their 

open educational resources and other creative content. See https://creativecommons.org/about/program-
areas/education-oer/ for more information [December, 2017]. 
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represented their schools to develop units and materials for a coherent curriculum with 
storylines. These processes have taken several years, but “we have created an environment in 
which our teachers all own it, they worked collaboratively at schools and across schools to do it, 
and the unevenness that we saw beforehand is already starting to disappear even though we are 
still in the pilot phase,” said Ryan. This process will be iterative, he added, with a feedback 
mechanism to enable annual revisions. 
 

A School and District Experience 
 

 Jennifer Munger, a school principal of 270 students and K–12 curriculum director for a 
school district near Sioux Falls, South Dakota, described her experiences working on the 
initiatives that Shaw described earlier in his remarks. In her rural district, she has many 
responsibilities and constraints. These circumstances have necessitated that she rely on state-
level guidance from Shaw to identify important considerations in science education and how the 
district could align that vision of science education with its resources and needs. 
 Munger and her colleagues did not find any existing products that met their needs; 
therefore, they explored open educational resources and ultimately invested in professional 
development that would enable them to create their own curriculum. Munger and her team are 
now continuing to work with Shaw to help teachers develop the skills to teach science content 
well and feel comfortable in their abilities. 
 

Discussion 
 Presenters discussed the tools they are using and the ways that they are working with 
teachers. In San Francisco, Ryan noted that once he and his colleagues had a learning sequence 
for science in place, they collected instructional materials from a variety of sources, both open 
sources and commercial materials, because he did not find any one publisher best at meeting the 
needs of all students. “It’s up to us to create the coherence,” he said. They engaged in a process 
of gathering feedback and videotaping observations, evaluated against the standards by a team of 
internal and external experts, using EQuIP at the elementary level. According to Ryan, by 
involving teachers in the process of developing or improving curriculum, teachers are more 
invested in its success. “This is where, for us, a curriculum isn’t bought by somebody. It’s owned 
by those teachers,” he said. 
 Munger described the efforts at her school to work with teachers. She indicated that she 
devoted initial effort into helping to increase her teachers’ comfort level with science, taking 
advantage of the online resources created by Shaw at the state level. She suggested this was 
particularly important at the elementary level where teachers are responsible for multiple subject 
areas. Next, she increased the time spent on science in the elementary grades, which often gets 
minimized as teachers focus on other subjects. Munger indicated that they now rely on a base 
curriculum, CK-12,5 to which they continually add resources through a process supported by 
their professional learning community. Munger has opted to focus on investment in professional 
development rather than on curriculum materials. 
 Participants also considered the ways in which researchers could work within existing 
systems to help states and districts as they seek to implement NGSS materials. Shaw emphasized 
that progress is only likely to occur by responding to teachers’ needs, building on and fostering 
their strengths. The amount of new information and change in practice that teachers need to 
                                                 

5See https://www.ck12.org/ for more information [December, 2017]. 
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make presents significant challenges. Because leadership and resources in science at the district 
level are scarce, South Dakota has benefited greatly from partnerships with other states and with 
university researchers. These collaborations have helped Shaw gather information about the 
many factors that affect science education in the classroom, and what science education with 
cohesive frameworks and storylines can look like. He identifies districts that are ready to use 
such resources to catalyze change. Shaw indicated that researchers who develop curricula could 
help states to foster networks of support. In addition, he and Ryan suggested that researchers 
help states and districts explore and evaluate multiple “levers” of change beyond instructional 
materials (e.g., assessment, professional development, coaching, policy work). Researchers can 
also reach out to states to involve teachers in pilot-testing materials and providing feedback, 
explained Cowart. 
 Cowart described how Louisiana encourages the adoption of high-quality instructional 
materials. Because the choice of curriculum is the decision of local districts, Louisiana educates 
districts by providing curriculum ratings and has also developed ways to “make the smart choice 
the easiest choice.” The state department of education provides free training on highly rated 
curriculum materials and helps smooth the acquisition process for these materials through state 
contracts. They also support districts through observations and feedback to support the 
implementation after initial training. In both math and science, Cowart indicated that supporting 
the adoption of high-quality curricula is the “most important lever that we have found that 
significantly changes what is happening in the classroom quickly.” Moreover, this has proven 
true with both high-performing teachers and those who struggle to teach science effectively. 
  Panelists also discussed their views on instructional materials and equity. Cowart said she 
has found that in Louisiana, funding is not the primary barrier to quality science education in 
schools serving underserved populations. Often these schools have more resources available to 
them than do other schools, she said. In San Francisco, explained Ryan, attending to equity 
means making sure that all students have access to rigorous content through an ongoing process 
of coaching, observing, reviewing student work, and particularly not waiting for end-of-year 
evaluations to identify any gaps that exist. Shaw added that instructional materials should also be 
relevant and flexible enough to adapt to varied interests and identities of students. 
 

Science Teacher Experiences 
 
 Three teachers—one each from elementary, middle, and high school—described their 
experiences implementing, adapting, and evaluating science curriculum materials in their 
classrooms. Tiffany Neill moderated a panel discussion among the teachers and participants.  

Monica Aguirre has been teaching elementary school for 20 years, currently at Lake 
Elementary in Oceanside, California. The adoption of the Common Core State Standards 
(CCSS)6 ushered in a shift from focusing on fidelity to a curriculum to a greater focus on 
innovation and meeting the needs and interests of students, she said. Three years ago, Aguirre 
joined the California K-8 NGSS Early Implementation Initiative, which she called a “life-
changing experience.” This opportunity to better understand three-dimensional science learning, 
what the standards are, and what students should be learning has also provided her with an 
opportunity to participate in pilot-testing the Next Generation Analyzing Instructional Materials 
tool (Next Gen AIM; described in Chapter 3). Aguirre found this to be a valuable learning 
experience as she shifted from thinking about how to develop her own curriculum and 
                                                 

6See http://www.corestandards.org/ for more information about the CCSS [December, 2017]. 
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instructional sequences to understanding how a publisher approaches these tasks. Next Gen AIM 
is an “amazing tool,” according to Aguirre, that provides a structure for teachers to evaluate 
instructional materials and give feedback about whether students are learning.  

Rabiah Harris is a science teacher at Kelly Miller Middle School in the District of 
Columbia. A chemistry major with a graduate teaching degree, she is now in her 8th year of 
teaching middle school science and her 12th year of teaching. Harris is also the department chair 
and holds a leadership role in the district, helping to support all 8th- grade science teachers. Over 
her years of teaching, she has found that although she has embraced project-based learning and 
worked to identify phenomena to study and identify resources, this approach is very uneven 
across grades and teachers. She suggested that more open-source materials that identify 
phenomena that address the three dimensions of science learning would be helpful. Harris 
indicated that she could help other teachers in her school and district with such resources. Right 
now, Harris said she “spends countless hours on the Internet looking and searching and hoping 
and talking to my friends who did go into industry…. having them try to help me figure out how 
to make it [science] accessible for my students and make it something that connects to the 
world.”  

Margo Murphy teaches earth and space science and advanced placement (AP) 
environmental science at Camden Hills Regional High School in Rockport, Maine. She 
explained that her journey implementing a science curriculum began 31 years ago with being 
handed a textbook and thinking “What do I do with it?” In that pre-Internet era, she availed 
herself of summer professional development opportunities because they provided the only access 
she had to different ways of thinking and different resources for science education. Her 
experience this past year in teaching AP environmental science for the first time has provided her 
with new opportunities to assess her effectiveness as a teacher, she commented. She has been 
able to see the learning retained from when she taught the same group of students as freshmen. 
An external evaluation is also helping her assess student learning over the past year. Murphy said 
she experiences a disconnect between her own internal motivations as a science teacher 
committed to NGSS and the external motivations in the system, including limited time in the day 
and the ways that teachers are certified and evaluated. “So I’m thinking about certification. I’m 
thinking about highly effective teachers and teacher effectiveness, that this person who knows 
nothing about my curriculum is going to come in and evaluate me. I am thinking about the fact 
that I have maybe 20 minutes a day to set up, clean up, there’s so many contextual pieces.…I 
would love somebody to bring me a curriculum that’s about valuing this planet at the high school 
level that doesn’t say biology, chemistry and physics, and let me run with it with a lot of 
professional development, a lot of collaboration,” she stated. 

 
Discussion 

 
The variability in students and teachers is one of the biggest challenges that these 

teachers see to the selection and implementation of instructional materials. At the high school 
level, explained Murphy, materials need to be able to provide a sufficient foundation for students 
who may be lacking important understanding when they come in to a class, as well as provide 
students with preparation for their next steps. Materials need to be able to adapt to the different 
starting points of both teachers and students, according to Aguirre and Harris. Getting feedback 
from teachers is important, they noted. Technology could provide an important means for 
learning from teacher experiences, identifying adaptations, and improving materials, said 
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Aguirre. Some inexperienced teachers may benefit from a more scripted curriculum, while others 
may find that confining, added Murphy.  

Aguirre noted that this variability in teachers’ comfort and preparedness to teach science 
often stems from the opportunities they have had to work in an in-depth way with the materials 
and the amount of professional development they receive to help them better understand the 
NGSS. She received extensive professional development as an NGSS Early Implementer and has 
now been prepared to train others and to coach. “Teachers receive it best from teachers,” she 
explained, “because we share with transparency our own struggles. We share with transparency 
our own shortcomings. We talk through, ‘Well, how do we make these shifts together? How do 
we respond to our students?’” Given this variability, fostering a cohesive storyline is also 
challenging, according to more than one panelist. 
 All three teachers discussed supplementing their curricula with materials they find on 
their own. Harris focuses primarily on finding material that is accurate, then weighs how 
engaging and accessible it is given the technology constraints of her school. What is engaging for 
one class may not be so for another class, however, she added, which requires additional 
adaptation. Over time, Murphy has developed more comfort in discerning which sources are 
more credible for finding information and teaching resources. She noted that it is still difficult to 
determine whether items that claim to be NGSS aligned actually are, but that naming the tool 
(e.g., EQuIP) used to ascertain NGSS alignment could be helpful. Costs are another factor that 
Murphy must consider when selecting materials. She said she prefers open source and feels that 
paper textbooks are unnecessary. There are more resources to purchase materials for AP courses 
than there are for other science classes, added Murphy. 
 Adapting curricula is important, Aguirre stated, because “it’s very difficult to argue for a 
single curriculum that’s going to meet every single child’s needs, every single teacher need.” In 
her view, teachers must have a voice in contributing to curriculum development and 
improvement, but expertise from researchers, especially related to science content, is still 
essential. Murphy noted that teacher collaboration with curriculum designers is important to 
account for the realities of teaching (e.g., preparation time not valued) or to consider how to 
change those existing constraints. 
 Access to technology varies. Harris noted that she has intermittent access to computers at 
her school, and that other subjects are prioritized above science for access to them. She has 
virtually no access to other technologies, such as probes or other measurement tools. Aguirre’s 
school is on the opposite end of the spectrum, with nearly one computer for every student; 
however, many teachers in her district do not know how to effectively use technology in 
instruction, she said. Maine is a state with a policy of one device for each child, but increasingly 
how these policies are implemented varies locally. 
 Following the discussion, Neill described her perspective on key points that arose from 
the discussion. She suggested that developers and researchers work closely with individuals and 
the state and district level, who can help provide valuable information about the systems in 
which materials would be used and about the barriers to implementation. Neill also urged 
participants to consider co-designing materials with teachers or others who will adopt the 
curricula. “One thing I have found for sure in the last 5 years of working across the nation, across 
states, and in Oklahoma, with implementation of the vision, is this is tough work and it is 
worthwhile work,” she stated. “But, it requires the expertise of every player in the system, and if 
we aren’t paying attention to all the experts in the system, we’re going to be missing a big 
component which may be the barrier that doesn’t allow us to move forward.” 
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3 
Developing and Selecting Instructional Materials for the NGSS 

 
 
 
 
 
 The process of developing and selecting instructional materials consistent with the Next 
Generation Science Standards (NGSS) is a challenge for curriculum developers and the teachers, 
schools, and districts that seek the best choices for their students. Several panels addressed 
existing tools and approaches for meeting these challenges, important elements of materials to 
consider, and ways that lessons learned from mathematics education might be applied to science 
education. 
 

EXISTING TOOLS TO GUIDE SELECTION AND DESIGN  
OF NGSS INSTRUCTIONAL MATERIALS 

 
 A number of tools exist to help teachers, districts, and developers examine to what degree 
instructional materials are consistent with the NGSS. A panel moderated by Susan Gomez-Zwiep 
of California State University at Long Beach described these tools and their uses for developers, 
teachers, and districts. 
 

Tools to Help Teachers and Districts Select Materials 
 

 Matt Krehbiel, associate director for science at Achieve, Inc., provided an overview of 
three tools that help teachers and districts select materials to use as they implement the NGSS in 
their classrooms and schools: 1) the NGSS Lesson Screener;1 2) 
Educators Evaluating the Quality of Instructional Products (EQuIP); and 3) Primary Evaluation 
of Essential Criteria (PEEC) for NGSS Instructional Materials Design. These tools can help with 
both selection and development of materials. The tools make the goals of NGSS explicit and 
emphasize building capacity (that is, helping educators understand the standards more deeply) so 
that teachers can implement the materials as intended in their classrooms, he said. 
 The NGSS Lesson Screener is used to analyze a single science lesson for alignment to the 
NGSS, explained Krehbiel. In this case, a lesson is a learning sequence that might extend from 
one or two classes to one or two weeks. NGSS Lesson Screeners are more informal that either 
EQuIP or PEEC, and support for understanding the evaluation criteria are built into the tool to 
support users.  

The EQuIP Rubric for Science is a more comprehensive tool for analyzing fully 
developed science units, according to Krehbiel. Reviewers tend to need more expertise and 
knowledge of the K–12 Framework and NGSS. However, professional learning opportunities 
and guides are available for those who do not possess this expertise, he added. The rubric 
includes three categories: NGSS three-dimensional (3D) design, supports, and monitoring 
student progress. The rubric guides reviewers to analyze NGSS 3D design in a detailed way to 

                                                 
1See https://www.nextgenscience.org/NGSSLessonScreener for more details on NGSS Lesson Screener 
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determine whether the learning materials address key science and engineering practices, such as 
asking questions, as well as the elements of each of those practices. Reviewers also examine how 
the three dimensions of NGSS (practices, crosscutting concepts, and disciplinary core ideas) are 
reflected in the materials at a grade-appropriate level, stated Krehbiel, and the extent to which 
they work together to help students make sense out of phenomena or design solutions to 
problems.  

Reviewers also analyze materials to identify the supports for teachers to help them 
implement lessons faithfully, to ensure that the unit addresses issues around equity for all 
students, and that the unit is “relevant and authentic” for students, he said.  

Krehbiel also described a new multiyear initiative, the EQuIP Peer Review Panel, 
composed of 39 reviewers from across the United States with K–12 expertise, subject-matter 
expertise, and expertise with EQuIP.  In partnership with the National Science Teachers 
Association, this peer review panel has developed concrete examples of the EQuIP quality 
review process and examples of what lessons and units consistent with the NGSS look like. This 
panel is also available to review submitted curriculum materials at no cost over the next several 
years of this project.  

Finally, the recently released PEEC is for evaluating full programs and how well they are 
designed to support teaching to meet the NGSS. PEEC incorporates the EQuIP rubric and 
includes three steps. The first step is a prescreening process that would ideally be conducted by a 
small group of identified leaders at the district level that narrows the number of materials 
considered. Prescreened materials then undergo a deeper analysis using the EQuIP rubric. 
Finally, reviewers examine whether five key innovations identified through the EQuIP analysis 
are present across the materials for a given program: 1) making sense of phenomena and 
designing solutions to problems; 2) 3D learning; 3) K–12 learning progressions; 4) connection to 
English Language Arts and mathematics; and 5) reaching all students with all standards. In 
addition to identifying and selecting science programs, PEEC and similar tools also can be used 
to help districts identify gaps in their science programming relative to the NGSS. In this way, the 
tool can help decision-makers identify priorities given their existing resources and capacity. 
Krehbiel also indicated that districts or schools with fewer resources may be able to work 
together to make the most of limited resources; however, he said, overall more thought is needed 
about how to implement these tools and curricula in more classrooms. 

 
Using Next Generation AIM to Select Materials for the NGSS at the District Level 

 
 In introducing Next Generation Analyzing Instructional Materials (Next Gen AIM), a 
tool for selecting materials, Kathy DiRanna of the K–12 Alliance at WestEd pointed out that 
many districts currently make decisions about instructional materials under time pressure after 
only cursory reviews of textbooks or presentations of materials, with budgetary considerations 
determining the final choice. Next Gen AIM, developed collaboratively by Biological Sciences 
Curriculum Study (BSCS), Achieve, Inc., and the K-12 Alliance, is designed to change this 
paradigm. It incorporates the key elements of EQuIP and PEEC for district-level decision-
makers to use. The tools and processes being developed will be piloted in eight different districts 
and revised based on feedback. Next Gen AIM will be ready for a national field test in Summer 
2018.  
 Decisions about instructional materials are important not only for students, but also for 
the professional learning of the teachers who participate in the process, according to DiRanna. 
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The Next Gen AIM process is designed to be iterative and grounded in principles of how people 
learn; the process builds on teachers’ prior knowledge, encourages reflection, incorporates 
individual and collaborative learning, and accounts for diverse learning styles. While the process 
can be time-consuming and intensive, teachers who have used it note that it can help them 
become advocates for more carefully considered, evidence-based decisions about instructional 
materials at the district level. Teachers who use this toolkit will gain an in-depth knowledge of 
the NGSS that will help them develop as implementation leaders in their districts.  
 The five steps of Next Gen AIM are: Prepare, Prescreen, Paper Screen, Pilot, and Plan, 
explained DiRanna. A tool at the Prepare stage will help districts assess their own current 
understanding of the NGSS and their readiness to engage in a more detailed analysis of 
instructional materials. With a basic understanding of the NGSS, a small group of educators will 
then conduct a Prescreen to select several curricula from among a larger number to examine in 
depth. The Paper Screen involves reading the curriculum materials in more detail to further 
refine the choices. The Pilot step enables reviewers to see how the materials will actually work 
when implemented with students. In each of these steps, the decision-making team gathers 
information, using a rubric to score evidence of adherence to NGSS on certain criteria, to 
develop an implementation plan, as shown in Figure 3-1. Other tools and processes are designed 
to help reviewers compare strengths and limitations of materials and examine how important 
science concepts unfold and are assessed across a given unit. The Plan step addresses what 
professional learning, coaching, and lesson study would be needed for teachers in the district to 
be able to implement the curriculum, as well as identify how materials might need to be adjusted 
to better fit the particular context of the district, said DiRanna. In addition, these tools help 
teachers be thoughtful and analytical about materials, rather than simply trusting publisher 
claims. 
 

Using Tools to Improve the Development of Instructional Materials for NGSS 
 

 Jo Ellen Roseman, director of Project 2061 of the American Association for the 
Advancement of Science (AAAS), described her views on the usefulness of EQuIP for 
enhancing the development of instructional materials based on her experiences co-developing an 
8th-grade unit in collaboration with BCBS, Toward High School Biology (THSB). Roseman and 
her colleagues examined the extent to which THSB adhered to the following criteria for NGSS-
aligned instructional materials (Bybee and Chopyak, 2017): 1) engage students in explaining 
phenomena and designing solutions; 2) organize activities around 3D learning; 3) organize units 
around K–12 progressions; 4) align with expectations of English Language Arts and math; and 5) 
be a focus of sustained and continuous professional learning. 

In addition to using the EQuIP tool, Roseman and her development team also found that 
they needed to use their own sets of tools, their knowledge of curriculum development and of the 
NGSS and the Framework, and field tests of the materials in a range of classrooms. Together, 
this iterative process provided evidence to support their claims of alignment with NGSS, 
identified areas of weakness, and suggested areas for curriculum revision (Roseman et al., 2015). 
Roseman stated that her team’s knowledge of NGSS and additional tools were essential, in part 
because they needed more specific tools for analyzing student and teacher observations than 
EQuIP affords. 

Overall, Roseman described the extensive documentation that she and her colleagues 
provided for each lesson about the ways in which it met each EQuIP criterion. “What we learned 
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from an EQuIP analysis as a developer is that it encourages developers to take a more analytical 
and evidence-based approach to materials design if they take it seriously,” she said. Done well, 
she added, curriculum designers could provide district teams with this evidence to save time for 
them. The very fine-grained analysis EQuIP provides is laborious but worthwhile, so developers 
know that they can back up the claims they make about their curriculum, Roseman explained. 
Requiring developers to get the same EQuIP training that districts receive would provide added 
credibility to these claims, suggested one participant who commented on Roseman’s 
presentation. He also noted that otherwise, those trained at the district level would likely conduct 
their own reviews. One potential solution, Roseman indicated, is for developers to spell out their 
claims so that they could be spot-checked at the district level.  

Roseman also described four additional tools that she and her colleagues found necessary 
to use to supplement EQuIP to provide the level of detail they needed as developers to more 
completely refine THBS. These tools included: 1) a content storyline map, similar to those in the 
AAAS Atlas of Science Literacy (2007), to represent and monitor the progression of science 
ideas (both core ideas and crosscutting concepts); 2) tables to represent and monitor the selection 
and sequencing of phenomena across the unit; 3) tables to represent and monitor the design and 
sequencing of activities within each lesson; and 4) tables to represent and monitor the 
progression of practices and the integration of science ideas and practices. Roseman pointed out 
that these extensive steps would likely be more intensive than what a district could or should 
undertake.  
 The content storyline map is a tool for describing the science ideas addressed in a unit 
and how they develop in a logical progression. For each “big idea,” (e.g., during chemical 
reactions, the production of new substances can be explained by the rearrangement of atoms that 
comprise the original molecules), phenomena are identified, and the intended practices and core 
ideas that go with them are outlined. Additional notes detail common misconceptions or other 
important information. Developing the content storyline map helped Roseman and her colleagues 
evaluate whether planned activities belonged in the curriculum, the best order for presenting 
them, and how to adjust explanations and learning supports for the planned progression. 
 

BEYOND CONTENT ALIGNMENT: OTHER CRITERIA TO CONSIDER 
 
 Instructional materials that support implementation of NGSS go beyond alignment of the 
science content, stated Daniel Edelson of Biological Sciences Curriculum Study (BSCS) and 
moderator of a panel discussion. Panelists considered critical features of instructional materials 
that are important for achieving the desired learning outcomes in science: 1) support for the 
development of coherent science explanations; 2) the importance of language in instructional 
materials; 3) ways to assess student progress and understanding; and 4) support for teacher 
learning. 
 

Coherence from the Student Perspective 
 

 “What do the students in our classrooms think they are working on and why?” asked 
Brian Reiser of Northwestern University, the first panelist. Instructional materials should enable 
students to answer these questions and to build a coherent storyline of scientific explanation of 
phenomena, he said. The practice of science is more than a process; it is a system with certain 
norms that a group of people engage in to accomplish a mission. In a science classroom, the 
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teachers and students work together to build knowledge, explain phenomena, or solve an 
engineering problem. This means that students do more than follow directions. They are partners 
in developing and managing the building of knowledge, explained Reiser. 
 To illustrate, Reiser described a 2nd-grade investigation of plants that included the three 
dimensions of science learning—disciplinary core ideas, science practices, and crosscutting 
practices. Groups of students could learn about what plants need to grow, investigate different 
growing conditions, and learn about cause and effect, or structure and function in the process. 
However, unless the three dimensions are integrated in the service of making sense of a 
phenomenon or solving a problem that has been identified by the classroom community of both 
students and teachers, the lesson will fall short of what the NGSS call for, he said. 
 Coherence means that the three dimensions should connect to learning goals in ways that 
make sense from the student perspective, Reiser emphasized. Students are partners with teachers 
in managing the trajectory of their knowledge-building. They help to articulate a phenomenon 
and the process for answering the questions they have about it. Investigations flow from student 
questions about phenomena, and each step of the process helps to fill gaps in existing 
explanations. Science practices help students make progress in building coherent explanations 
and models.  

Considering his own science curriculum, Reiser explained that although students make 
decisions about how to investigate, he and others on the development team organized the 
sequence of phenomena that would likely lead to key questions from students. In addition, the 
curriculum provides teachers with the milestones, rationale, and key moments that need to occur. 
It also identifies other points that are important, but that could be overlooked if they did not arise 
on their own during the course of the investigation, noted Reiser. His team is currently working 
on ways to represent this type of instruction in a lesson plan. This involves finding ways to 
represent the “logic of the story” and to make the deep structure of how inquiries and 
conversations should unfold over time in the classroom visible. Although EQuIP assesses 
coherence, Reiser and his colleagues are also developing tools, called the Next Gen Science 
Exemplar System, that examine student-teacher interactions more closely to help teachers know 
what to look for and how to help students assess their progress toward answering their questions. 
He added that images of practice can be especially helpful for teachers. 
 

The Importance of Language in Instructional Materials 
 

 Okhee Lee of New York University, the second panelist, discussed the role of language 
in science materials for English learners (ELs), drawing upon her work with the Understanding 
Language Initiative and the Science and Integrated Language program. She noted three 
perspectives that inform this work. First, ELs participate in a classroom community of practice 
that offers continuous opportunities to “do” science. Second, ELs use language for purposeful 
communication as they do science. Third, ELs participate meaningfully in rigorous science 
learning, regardless of their English proficiency levels 

Combining these principles with the shifts in instruction identified in NGSS—enacting 
3D learning, focusing on explaining phenomena or solving problems, and attending to learning 
progressions—requires learning experiences that help students connect science to their own 
lives, and shows them why science matters to them and their communities, explained Lee. 
Selecting compelling phenomena to study is a critical step. These phenomena generate student 
questions, and the teacher supports the inquiry process to make sure all the ideas are covered. 
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Providing key illustrative examples makes it easier for teachers to know how to provide this 
support. As the curriculum is implemented, using language is inherent through each step. “The 
sophistication of the science goes with the sophistication of the language,” she said.  
 Language is not a product nor are the discrete elements of vocabulary and grammar, said 
Lee. Rather, language is a means to accomplish tasks in the classroom through various 
modalities—talk, text, and diagrams. As students become more proficient in the language of 
science, they can move from the colloquial to specialized language that allows them to express 
science ideas explicitly and with precision. Moreover, the practices of science should help 
students understand the need for this specialized language. Students also learn to shift their 
modalities and registers based on the types of interactions they have in the classroom, whether 
one-to-one with a peer or giving a presentation to many, for example. 
 With these principles in mind, Lee described three shifts in science instruction for EL 
students. First, choosing a phenomenon or problem in a local context of ELs’ home and 
community capitalizes on everyday language and experience. For example, 5th-grade students 
might investigate what happens to garbage in the cafeteria, in their homes, or in their 
neighborhoods. 
 Second, students engage in the language-intensive NGSS science and engineering 
practices to investigate the phenomenon. They ask driving questions for the investigation and 
discuss concepts, such as the properties of matter over time and chemical reactions. Third, 
students must use increasingly sophisticated language. This means that their use of different 
modalities becomes more strategic, their registers become more specific to the scientific 
discipline, and their interactions reflect a movement from the colloquial and informal to the more 
formal language of explanation (e.g., “it stinks” to “smell is a gas made of particles”).  
 Lee explained that implementing the NGSS with EL students is challenging, and it 
requires an understanding of both science and language. She encouraged developers to attend to 
the needs of EL students and for science teachers to collaborate with EL educators to meet the 
challenges. Finally, she noted that the educational system often poses problems in equity for EL 
students in the form of limited time for science instruction, few science supplies, and limited 
teacher knowledge in science. 
 Lee evaluates the extent to which curricula attend to science and language integration or 
the needs of diverse students by first examining whether the important aspects of language are 
attended to in a curriculum in an intentional, coherent way in the service of practicing science. 
“If you think of language as a product, as an objective that you have to know English to be able 
to do science, it excludes students. But if you think of using language as means to the science, it 
is an entry point…It’s a new way of thinking about language in relation to science,” she said. 
This new way of thinking should be reflected in both materials and in instruction, stated Lee, and 
developers of instructional materials should make their principles regarding language explicit. 
 

Formative Assessments 
 
 Formative assessment is a process that the teacher uses to elicit student thinking and 
provide feedback on the way to achieving learning goals in the classroom, explained Erin Furtak 
of the University of Colorado at Boulder.  Particularly when it is embedded in the curriculum as 
a part of daily instruction, formative assessment can affect student learning, potentially 
narrowing achievement gaps between high- and low-performing students, she said. 
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 Formative assessment that is integrated into the sense-making process differs from a quiz 
or set of questions that teachers might typically ask at the end of an investigation. Instead, Furtak 
stated, “formative assessment is much more about looking at a range of student understanding, a 
range of different types of student engagement, and then using that information to…tailor and 
improve the quality of subsequent instruction.” For example, high school biology students 
investigating carbon cycling might draw models and write explanations of phenomena depicted, 
share their explanations with other students, and then address clarifying questions in class 
discussion. Teachers would attend to how students are using crosscutting concepts, talking about 
disciplinary core ideas, and using explanation and argumentation in the discussion, and they 
would use this information to shape subsequent instruction.  

These types of formative assessments allow students to share their understanding in 
multiple modalities—drawing, writing, talking—and are embedded in the content that students 
are learning, said Furtak. Further, students and teachers can work together in various groupings 
to clarify thinking, listen, and ask questions. This process can help the teacher improve the 
quality of what students are doing in class, she added. 

Although worthwhile, this type of formative assessment can be challenging, she noted. A 
high-quality activity is not always used in a formative way in class, she said. Moreover, 
instructional materials may need to provide guidance for teachers about the best ways to 
structure and elicit student thinking and how to act on specific student responses. Online 
resources, such as STEM Teaching Tools,2 can also provide teachers with types of questions that 
could be included in their formative assessments, Furtak suggested. She also indicated that 
instructional materials should encourage teachers to share the information they are gathering and 
next steps for learning with each other. During discussions following Furtak’s presentation, 
multiple participants noted that professional learning communities may be an important 
mechanism for sharing and sustaining implementation. 
 

Support for Professional Learning 
 

 Betsy Davis from the University of Michigan discussed how instructional materials can 
provide support for professional learning and help to build capacity in the field of K–12 science 
education. “Educative” curriculum materials are designed to educate both students and teachers, 
she said. They can support and, importantly, provide images of multiple domains of knowledge 
and areas of practice.  
 Davis’ research shows that teachers who have access to examples of student work were 
more likely to increase their expectations for their own students. Such examples can also include 
sample comments that teachers could make in response to the student work, she added. In 
addition, narrative descriptions of how to enact or adapt a lesson can also be helpful. Davis and 
her colleagues have developed these descriptions based on their own observations of what they 
have seen teachers struggle with and ways that teachers have been productive and successful. 
 Providing teachers with the rationale for instructional materials and recommendations for 
practice is particularly important (Davis and Krajcik, 2005), explained Davis. Ideally, this would 
help teachers apply the reasoning to multiple instructional contexts. Research by Davis and her 
colleagues (Davis et al., in press) has yielded other design principles for educative curriculum 
materials. These principles include suggestions for adaptations of lessons that would take 
different amounts of time and meet a range of students’ needs, as well as materials that are 
                                                 

2See http://stemteachingtools.org/ for more information [December, 2017]. 
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situated and grounded in teachers’ practice, take multiple forms and work together to meet a 
range of teacher needs, provide additional support for sophisticated sense-making practices, and 
support “entry-level” practices to help move toward the vision. 

Educative features built into instructional materials could include a narrative or video that 
shows an example of a teacher enacting a particular lesson, she suggested. These could be 
tailored to make the teacher’s thinking and decision-making visible and the supports that are 
being put in place. For example, the narrative or video could explain how the teacher is building 
on students’ previous experiences and the goals of the instruction. In addition, the educative 
materials could also explain the teacher’s understanding of the NGSS and how they play out in 
the lesson. Rubrics, sample student models, and potential adaptations are other potential 
educative features that could be included with materials. 

These types of educative features present challenges and opportunities, she said. For 
example, by acknowledging and supporting the adaptations that teachers are likely to make, there 
is a risk of “lethal mutation,” explained Davis. Further, teachers and students are diverse. 
Materials should be supportive, but not too lengthy. This means they cannot specifically address 
all of the potential needs of all teachers and students. Technology can help with adaptation and 
customizing materials, provide multimedia professional learning, and help keep curriculum 
length manageable. Open-source delivery mechanisms may also be helpful to teachers. Finally, 
Davis noted that in addition to using tools such as EQuIP and PEEC to identify whether 
educative features are present, developers should gather information about which educative 
features of a curriculum teachers are putting into practice and which are not being implemented. 
 

LEARNING FROM MATHEMATICS 
 
 As early as the 1990s and 2000s, the mathematics community developed instructional 
materials to help enact the Common Core State Standards (CCSS) in mathematics. A panel of 
mathematics education specialists, moderated by Diane Briars of the National Council of 
Teachers of Mathematics, shared the lessons they learned with respect to developing, selecting, 
and implementing instructional materials that might be applicable to the science education 
community. 

Kathryn Chval of the University of Missouri presented several important considerations 
for science education based on her experiences in mathematics. First, she explained, honor the 
past by building on existing research and practice to recognize that advancing the field does not 
mean starting over. Second, she suggested the application of lessons learned from the past. In the 
past, mathematics has used the release of new standards to leverage change at the district level, 
just as science education has done with the NGSS. However, the resulting calls for changes in 
teacher practice can be difficult, and often do not result in the transformations in instruction that 
people hope for. Chval suggested that determining how to scale improvements in science 
education to more schools and classrooms is a difficult but important challenge. 
 Third, images are critical to implementation, said Chval, because they help to provide a 
shared understanding of how to interpret the standards and curricula. Images of materials, 
teaching, student work, and thinking are all important to knowing what success looks like. 
 Fourth, she said, it is important to understand why teachers resist change. In addition to 
the human tendency to continue what one has always been doing, Chval noted that teachers 
receive a variety of implicit, explicit, and contradictory messages about standards and their 
implementation. Interviews with math teachers show that teachers omit, supplement, or alter 
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curricula for a variety of reasons including lack of time, state testing, a focus on other content, 
lack of equipment and materials, or a perception that the materials are confusing to students—
factors, she observed, that may affect implementation of science education curricula as well. The 
local context and relevance to students, as well as resistance from the general public, can also be 
challenges to implementation, said Chval.  
 Fifth, she said, infrastructure and leadership can be helpful in bringing together various 
stakeholders not only to work together on issues around development and implementation of 
standards and curricula, but also to discuss other issues of concern to the field, such as preparing 
teacher leaders and the next generation of graduate students. Various annual conferences 
conducted by Chval and others have been helpful in developing partnerships and a plan for 
leadership and transition, she said. For example, during one conference, she and 11 others were 
able to work together to develop documents to help articulate a conceptual framework to map the 
system of forces that affect the teaching and outcomes of mathematics learning. 
 Sixth, advocacy, particularly through the professional associations, and conversations 
with parents, legislators, and the general public have proven important in policy-related 
mathematics education, in Chval’s view. Finally, Chval pointed out the importance of 
considering the needs of special populations, such as children in poverty, gifted children, or 
English learners. 
 Valerie Mills, a mathematics education consultant for Oakland Schools, focused on the 
lessons learned about the design, selection, and implementation of mathematics curricula. She 
emphasized that well-designed instructional materials are “extraordinarily important” to enacting 
new standards. In mathematics, several challenges have impeded the implementation of high-
quality instructional materials: 1) a lag between when districts want to be able to purchase 
materials in response to new standards and the time it takes to develop high-quality materials; 2) 
the “curriculum by Pinterest” approach that cash-strapped principals and teachers use to find and 
collect instructional materials online; and 3) the significant challenges that teachers have in 
selecting well-designed textbooks.  
 As part of a broad-based team, Mills and her colleagues developed a curriculum analysis 
toolkit to help address some of these challenges. The tools provide teachers with rubrics to help 
them analyze curricula for their alignment to mathematics standards. These rubrics addressed 
curriculum content and sequencing within and across grades, standards for practice in 
mathematics, and “overarching considerations,” which included areas such as equity, assessment, 
and technology. 

The content analysis tool was designed to help users determine the extent to which the 
math standards are addressed in the materials, sequenced appropriately, and provide a balanced 
treatment of the standards in terms of conceptual development and procedural fluency. This tool 
helped identify gaps in coverage, she explained. Over time, Mills found that having a shared 
understanding of words like “gap,” “understanding,” “balance,” and “connections” was 
necessary for using the rubric effectively. She continued, “The challenge has been that the 
language that we were so proud of and thought we had done such a lovely job with was 
extraordinarily confusing and has been very, very difficult.”  

Mills has also helped to develop an additional resource, Principles to Action: Ensuring 
Mathematical Success for All (Leinwand, 2014), for districts to use as they select mathematics 
curricula. This resource describes productive and unproductive beliefs about mathematics, which 
can help or hinder implementation of effective instructional practice or limit students’ access to 
important content or practices. She has also helped to develop a survey that teachers can use to 
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examine their own beliefs about mathematics. Her research indicates that teachers, principals, 
and district leaders almost always hold both strong productive beliefs and strong unproductive 
beliefs at the same time, presenting a difficult challenge for changing practice. 

These challenges have meant that teachers need particular supports to make sense of the 
curriculum analysis rubrics. For example, they have added “look for” statements to help make 
more transparent what is meant by the word “gap.” Mills and others have also worked to help 
teachers look beyond content and to closely the specific examine tasks and activities included. 
Finally, teachers need additional support to identify well-aligned textbooks. 
 William McCallum of the University of Arizona described three aspects of standards and 
curriculum alignment that have helped advance mathematics education: 1) the resilience of 
agreement; 2) taking standards seriously; and 3) using an asset-based approach to alignment. 
Once the Common Core State Standards were adopted by 45 states, the agreement itself was 
powerful. “They had all come together, and it’s like 50 different asteroids forming a planet. It’s 
actually very hard to pull them apart again into 50 different asteroids. And people have tried to 
pull them apart,” he said.  
 The speed of adoption of new practices has few comparisons, stated McCallum, and it 
may be that speed is less important than progress in the right direction. He advised avoiding 
expecting immediate change and giving teachers the message that they must completely change 
what they are doing. However, he stated that taking seriously the work to enact both content and 
practice standards, the field should avoid saying that they are “going beyond” content, since they 
have not yet reached the content standards in most cases. Whereas the content is more visible in 
curriculum materials, the practices are less visible there and exist more in the classroom. 
According to McCallum, EdReports3 is a web-based tool, described as a Consumer Reports for 
instructional materials, that has been useful for making publishers and adopters more aware of 
how curricula align with mathematics standards. Lastly, he encouraged participants to take an 
asset-based approach to implementation, focusing on the strengths that teachers already possess. 
 

Ideal Implementation versus Practical Constraints 
 

Many panelists addressed the challenge of aiming for the ideals of the curriculum or the 
tools used to select it while contending with the practical constraints in classrooms, schools, and 
districts. Investing time and effort in selecting good instructional materials is important for 
students and professional development, and understanding this need may require a change in 
culture at the district level, a slow and challenging process, explained DiRanna. 

Several participants discussed making incremental changes. Both Davis and Furtak 
explained that “baby steps,” leveraging experiences close to their current teaching practices can 
be a productive way to build on small successes. Reiser suggested thinking about “instructional 
materials as a catalyst, not as a treatment.” He recommended starting with entry-level or “high 
leverage” practices and finding productive “new twists” to push toward 3D science instruction. 
Lee explained that teachers experience a learning progression over several years of 
implementation, but added that the first-year experience has to be palatable enough for teachers 
to stay on. Helping teachers sustain these efforts takes supplies and time, even as accountability 
pressures and teacher knowledge pose challenges, she stated. With the changes in science 
instruction called for in the NGSS, instructional materials are more likely to be 80 percent 
teacher materials and 20 percent student materials, said Lee. Educative instructional materials 
                                                 

3See http://www.edreports.org/ for more information [December, 2017]. 
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can be useful, explained Davis, but they will not meet all of the professional learning needs that 
teachers may have. 

However, incremental change toward full implementation of a curriculum may differ 
from “shallow alignment.” NGSS is “a fundamental shift in what we are targeting as what it 
means to learn science,” stated Reiser, “and so, in a way, I feel like shallow alignment is worse 
than doing nothing at all,” especially if teachers are not engaging students in science and 
engineering practices. 

Lee also explained that developers need to demonstrate that it is possible to do the 
curriculum in a given year in a rigorous and practical way. Even though it might be useful to be 
able to identify the absolutely critical components of a curriculum, curriculum developers do not 
yet know enough to do that, explained Reiser. Further, doing so might be an oversimplification 
since there is often more than one purpose for a set of instructional materials, he added. 

Davis described another practical challenge—teachers will make changes to the materials 
during implementation. She suggested that developers acknowledge and support this, allowing 
for customization without undermining the intent of the materials. Materials are important, but 
insufficient for supporting all of the professional learning needs of teachers, she said. 
 

Discussion 
 

During a moderated question-and-answer period, participants offered their perspectives 
on curriculum analysis within mathematics. Considering whether each district should do its own 
analysis versus having a centralized organization conduct them, Briars asked the panelists to 
consider the efforts of organizations such as the AAAS, the U.S. Department of Education, and 
EdReports. Mills noted that curriculum analysis is challenging and centralized organizations 
could provide teachers and administrators with useful information. Despite this potential, many 
people who conduct reviews in centralized organizations are not closely tied to practice or to 
mathematics education. She recalled that many of the reviews completed for EdReports had to be 
redone after their initial release. However, McCallum suggested that EdReports has had a 
positive influence on the market overall and has been a step in the right direction despite being 
imperfect. 

Panelists also provided their suggestions for curriculum selection and implementation 
plans. Chval indicated that treating teachers as professionals and providing them with 
opportunities to practice the curriculum with children in real classrooms during their professional 
development have proven important. In addition, as a developer, she found it helpful to teach the 
lessons in classrooms herself to better understand teacher experiences. She added that wearable 
technology (i.e., a camera attached to the bill of a hat) enabled her to see classrooms from the 
child perspective. When she “watched children using materials, interacting with them and their 
peers, through these cameras, I saw things that I had not seen in the decades before in my earlier 
work,” explained Chval. She also urged participants to have difficult conversations, such as 
about the impact of state tests, and to carefully consider how to equip parents for curriculum 
changes, a lesson that mathematics education learned “the hard way,” she added. 

Several of the panelists urged participants to be patient. Mills noted that transformation of 
the sort that science education is seeking might be a generational change. Roseman added that 
starting where teachers are and gaining momentum in the right direction is an important 
motivator for teachers as they see their students benefit. Mills noted that professional learning 
communities may be useful for sustaining implementation. She and Briars emphasized that 
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devoting substantial time to making textbook and curriculum choices was worthwhile. Textbooks 
are often an important source of professional development, noted Briars. 

Panelists also considered specific supports needed for low-income schools and students. 
Developing materials that can be implemented in high- and low-resourced areas, and considering 
open education resources can help, suggested Chval. Mills urged developers to try their materials 
in classrooms with few resources to help ensure that they can be implemented appropriately in a 
range of settings. The nature of tasks and support for the teachers have a huge impact on what 
students gain from experiences, she added. She also suggested that preservice preparation could 
do more to prepare teachers to work in low-resourced schools. Last, Briars stated that the 
developers could provide images and other implicit information in curriculum materials that 
support diverse students’ identities as doers of math and science. 
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4 
Models for Developing and Distributing Instructional Materials 

 
 
 
 
 

The process of transforming science education through the use of instructional materials 
consistent with the Next Generation Science Standards (NGSS) involves not only the 
development of the materials, but also the distribution, adoption, and use of those materials. An 
understanding of the market for instructional materials and how teachers identify and use 
materials can inform how stakeholders anticipate and plan for challenges and opportunities. 
Panel presentations and discussions addressed important considerations in each step of this 
process from development to use.  

 
THE MARKET FOR K–12 INSTRUCTIONAL MATERIALS 

 
 Participants learned about the marketplace for K–12 instructional materials from several 
vantage points. Kathy Mickey of Simba Information, an educational market research firm, 
presented data on the K–12 instructional materials landscape. Jay Diskey provided the viewpoint 
from the Association of American Publishers, and Jeff Livingston of EdSolutions and Bert 
Bower of the Teachers’ Curriculum Institute described their own experiences in the business of 
producing and selling instructional materials.  

According to Mickey, a total of $640 billion was spent on K–12 education in the United 
States in 2013–2014, with a small fraction of that spent on instructional materials ($8.56 billion 
in 2016). Within that market, the amount of revenue generated in sales of instructional materials 
for science as of 2015 was $236 million, in third place behind revenue generated by English 
Language Arts and math, which dominate the instructional materials market. Examining data 
from the Association of American Publishers, Mickey explained that programs developed 
following the No Child Left Behind legislation in 2000 and its focus on testing had significant 
effects on the market.  
 The instructional materials market is changing, explained Mickey. The focus is no longer 
primarily on textbooks. Instead, there is an increasing emphasis on “basal” programs, which 
provide foundational materials that extend beyond books and texts, but are not fully 
comprehensive materials. There is also a demand for other categories of instructional materials: 
supplemental, digital, print, trade books, classroom magazines, and assessments. Many 
traditional publishers seek to provide comprehensive courseware; however, many teachers and 
principals indicate that they prefer being able to purchase separate components of these 
programs, according to Mickey. This is one reason that the instructional materials market tracks 
different categories of materials, she added. Research indicates that the need to adapt the 
curriculum to better fit particular district requirements or pressures can also influence whether 
teachers seek supplemental materials, explained participant Darleen Opfer of RAND Education 
in a follow-up comment.  
 Jay Diskey said his observations support these data. He has seen a 25 percent decrease in 
textbook sales over recent years. Further, he has also seen demand for supplemental materials, 
such as books for advanced placement (AP) courses or materials for more targeted interventions. 
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In addition, he explained that the purchase of instructional materials by states or local school 
districts is a government procurement process, an environment that operates differently from a 
typical business market, especially when funding is limited. 

The sales of instructional materials for science may be slow to grow, suggested Jeff 
Livingston, but he added that sales may be boosted by the connections that people make between 
science education and workforce and economic benefits. 
 One factor that traditionally had significant effects on the instructional materials market 
was the amount of control that states exerted over the adoption of materials by subject. For 
example, “adoption” states created calendars and cycles for considering new curricula to be 
placed on their lists of approved materials, generally through a 2-year review process. School 
districts in these adoption states were often constrained to purchasing materials on the approved 
list if they planned to spend state funds to do so. Although some states retain this model, the 
approach has been waning over the last decade because of the increasing availability of digital 
programs and the financial impact of the recession in the late 2000s. The result of these forces 
has been less state money for instructional materials and fewer state-level requirements.  

The recession particularly affected school purchasing because of the links between 
housing and funding for schools at the district level, stated Diskey. With this reduced funding, 
states and districts are attracted to less expensive options for instructional materials. For 
example, state leaders often perceive that free or less expensive instructional materials can now 
be found online, a perception that is often incorrect. Moreover, relying solely on digital resources 
would neglect the significant numbers of communities that do not have reliable Internet access or 
other technology, added Livingston. Bert Bower explained that many districts want multimedia 
options that include print, digital, and other types of resources. He and other developers are 
examining ways to use open educational resources (OER). 
 States that hold adoptions vary in the subjects and grade levels for which they conduct 
them. For example, California, Texas, and Florida all hold adoptions; however, California only 
holds this process for K–8 materials. In addition, none of these three states requires that state or 
district funds be spent on the materials on the adoption list. Some states are shifting from 
providing requirements to providing recommendations. Box 4-1 provides a list of state adoptions 
of science materials between 2015 and 2019.  
 Mickey illustrated how changes in the adoption process are unfolding in several states. 
Alabama outspent all adopters in amount spent on science materials in 2016 at $31.3 million, 
spending nearly $10 million more than the second top spender, South Carolina, and more than 10 
times more than the third top spender, North Carolina. Alabama is also having a second year of 
adoption in 2017 to encourage more districts to purchase materials. Even though North Carolina 
still conducts adoptions, the state is shifting from spending funds on textbooks to technology. 
South Carolina has suspended future adoptions because of fiscal concerns in the state. Virginia 
has had an erratic adoption schedule and has currently set a schedule for new adoptions. Recently 
passed legislation in Florida attempts to shift the adoption review process to the local level on a 
voluntary basis, but thus far, local districts have been hesitant to take up the complex and costly 
task. Mickey has observed an increasing preference across states for buying selected parts of 
programs. 

These state policies and funds also have significant implications for districts. Local funds 
provide 47 percent of funding for schools and 8 percent comes from the federal government, but 
state funds provide 45 percent. These funds are not necessarily dedicated to instructional 
materials. Moreover, Mickey has observed conflict between states and districts over 
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interpretations of who has control over school policies. Few of the states that have adopted the 
NGSS are states with adoption processes for instructional materials, stated Mickey. This means 
“that if you’re looking for input at the state level, [adoption states] are the only states you’re 
going to get a lot of it,” she explained.  
 Diskey explained that the response to Common Core State Standards has been another 
disruption with both positive and negative effects. Although it led to new materials and ways of 
teaching, the political controversy surrounding Common Core has made the market for these 
materials less robust than publishers had hoped. In Diskey’s view, more efforts should be placed 
on building demand for instructional materials. 
 Other market trends may be important for developers of instructional materials to 
consider, according to Mickey. Figure 4-1 shows the percentages of use of different technology 
devices in science across all grade levels that school districts participating in Simba surveys 
reported in 2016. An analysis of companies who comprise the competitive landscape in science 
materials in K–12 indicates that traditional publishers dominate, stated Mickey. Often new or 
open-access resources create materials to address particular issues rather than complete 
programs, she added. New online marketplaces also include evaluation services, such as 
EdReports or SpotOn, as well as social media networks in which teachers share lesson plans, 
such as TeachersPayTeachers. Among the factors that most influence teachers use of digital 
content are the recommendations of other educators, the ease with which it can be integrated 
with other instruction, how much it engages students or facilitates personalized learning, whether 
it includes assessment, and whether it is provided by the school or district.  
 Finally, Mickey offered several lessons learned from interviews with 31 education 
leaders at the state and local levels that shed light on how they are thinking about instructional 
materials in science. These interviews indicated that respondents were focusing more on teaching 
through problem-solving, were replacing textbooks with supplemental materials, and were 
seeking laboratory materials that also include an instructional component. These respondents 
also wanted recommendations from states and online repositories. Costs of materials and 
technological barriers pose challenges. “In discussions with teachers and districts,” emphasized 
Mickey, “the one thing we have overwhelmingly found is ease of use is an extraordinarily 
important factor.” Professional development can play an important role in how easy to use 
teachers find a curriculum, she added. Notably, evidence of effectiveness was not a top factor in 
decision-making, stated Mickey. 

 
Publisher Perspectives on the Instructional Materials Market 

 
 Jeff Livingston of EdSolutions provided his views of the instructional materials market 
based on his years of experience working with a large K–12 curriculum publisher. He 
emphasized that widespread adoption of instructional materials requires significant sales and 
distribution efforts. Although there has been a great deal of innovation in curriculum 
development, models for distribution have changed relatively little and can require extensive 
marketing efforts. Investing “in the quality but not in the distribution probably isn’t helping the 
people that you want to help as much as you want to,” he said, because materials placed on a 
website will not be discovered by districts without taking the materials to them and working 
within existing adoption processes. Further, these sales efforts need to be directed at the 
customers, those in charge of making purchasing decisions. Often, teachers are not involved in 
curriculum purchasing decisions. Those who are involved tend to be teachers who serve in 
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leadership roles or on adoption committees, he explained. Nevertheless, teachers do control what 
is used in the classroom to a greater extent. This means that even if teachers have curriculum 
materials chosen by the school or district, they may still determine how much they use the 
materials and whether they supplement portions or replace the materials with others that they 
identify on their own. One teacher participant pointed out that involving teachers in creating the 
curriculum may increase its use in the classroom. 
 Livingston also offered his perspective on the influence of state adoption cycles on the 
development of instructional materials. In particular, many large curriculum publishers, which 
currently comprise about 80 percent of the curriculum market according to Livingston, are likely 
to be developing curricula specifically to align with California’s 2019 science curriculum 
adoption cycle, since it is a large state that has already adopted the NGSS. This in turn will shape 
the materials subsequently offered in other parts of the country, he explained. Smaller curriculum 
developers are less likely to be successful in big markets like California given the attention these 
states will get from the larger publishers. Diskey agreed, noting that aligning to multiple sets of 
standards can be challenging for developers. There may be more flexibility in whether curricula 
need to be aligned with state standards in states that have more local control over curriculum 
choices (known as “open territory states”).  
 “Branded learning environments” is another trend that Livingston has observed in the 
instructional materials marketplace. Publishers sell the core curriculum associated with their 
brand with the goal that teachers will associate themselves with an “environment” into which 
they can bring other materials and resources. The companies provide easy web access to these 
environments and the resources teachers save there. He emphasized that these environments 
represent buying into a larger “grain size” product than what may actually end up in use in the 
classroom. Although some schools or districts might prefer to purchase a component of a 
textbook or curriculum, providing this is not in the financial interest of large publishers, noted 
both Livingston and Diskey. 
 Bower offered an alternative perspective on the market from his vantage point as 
executive director and founder of a smaller teacher-owned company, Teachers Curriculum 
Institute (TCI). Bower described his journey from social studies teacher to researcher and 
curriculum developer to company founder. He and his teacher colleagues began with the 
development of a supplemental program in social studies, taking on the large publishers in 
California to become the top program for middle school social studies in California after the 
2005–2006 adoption period. They focused next on digitizing their materials. Today, TCI has 10–
15 percent of the market in social studies nationwide. 
 When the NGSS were released, Bower and his colleagues saw an important opportunity 
for their small company to respond to a single set of standards that were being adopted by many 
states, in contrast to social studies in which each state has different standards. As a result, TCI 
developed a comprehensive NGSS-based science curriculum, Bring Science Alive!, for 
elementary and middle schools.  
 Teachers purchase a subscription to access curriculum materials online and can also 
purchase science kits for their classrooms. This online “ecosystem” also provides teachers with a 
way to connect and share resources with other science teachers. For example, they can create, 
save, and share assessments, images, or videos as subscribers. Students also have online 
subscriptions, as well as a print book and a print science journal. The business model essentially 
consists of earning revenue through the subscriptions; the print materials generate little if any of 
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the revenue. This model has proven profitable. TCI earned enough in its first year of offering 
Bring Science Alive! to pay for all of its development costs.  
 The curriculum has professional development embedded in each element. The online 
materials show teachers how to set up the classroom, for example. Students also receive support 
as they learn through problem-based approaches and communicate with their teachers through an 
online notebook. 
 

Discussion 
 
 Presenters discussed the importance of professional development to the curriculum 
decision-making process. Diskey indicated that the amount or quality of the professional 
development offered with the curriculum was often the deciding factor in a decision to purchase. 
One business model he has observed focuses primarily on professional development, offering the 
materials for free but charging fees for training. One function of this professional development, 
suggested Livingston, is to help teachers improve their teaching skills more generally, such as 
how to teach a diverse group of students. “So, professional development is everything, but it’s 
not really about the curriculum…It’s about helping the teacher understand how to be a better 
teacher,” he said. Although important, said Bower, professional development is becoming less 
and less profitable, as districts request shorter amounts of training. As a result, TCI has focused 
on embedding professional development in multiple ways into each of its units, an approach that 
Bower sees as the future of professional development.  
 A final discussion about the marketplace for instructional materials focused on possible 
policy changes that could facilitate equity for all students. Diskey emphasized that states need to 
do more to enforce laws that currently exist to ensure that all students have equal access to the 
materials, textbooks, or applicable digital materials they need. Livingston added that this access 
needs to extend to meeting the needs of students with disabilities. Large publishers are more 
often required to develop these adaptations than are small publishers, he added. Livingston also 
noted that policy could help shape the extent to which curricular materials represent diversity in 
characteristics such as age, gender, or ethnicity. Policies could extend access to English learners 
as well, said Livingston. 
 

MODELS FOR DEVELOPING INSTRUCTIONAL MATERIALS 
 

 Brian Reiser of Northwestern University moderated a panel of curriculum developers to 
consider four different models for developing instructional materials for science education: 1) 
developing a textbook to reach teachers at scale, 2) developing an online science curriculum, 3) 
developing instructional materials through research, and 4) co-development of a curriculum 
through a research-practitioner partnership. Together the panelists presented a range of ways that 
curriculum developers can engage with teachers and other stakeholders, as they seek to increase 
use of their materials. The four presenters described their materials and their development 
models, who they work with and engage, how they define success, and the challenges they face 
in accomplishing their goals. They also considered the rationales behind their approaches to 
development and the type of material they have produced, and their expectations for change in 
science instruction in the classroom.  
 

Developing a Textbook to Reach Teachers at Scale 
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 Joseph Levine of Pearson Education described the instructional program in biology that 
he and his colleague, Ken Miller, developed. Scientists by training, Levine and Miller began 
nearly 30 years ago to develop educational materials for high school biology because they found 
existing materials largely out of date, inaccurate, and focused on remembering facts. They 
focused on developing materials that would excite and engage both teachers and students without 
compromising accuracy, quality, coverage, or their own principles. Challenging an entrenched 
way of teaching biology on a large scale while satisfying the publisher meant appealing to 
mainstream, and not only the highest-achieving, teachers and students, he explained. 

Although the National Academies and others previously provided a vision for biology 
education (e.g., National Research Council, 1990), uptake of the recommendations has fallen 
short of expectations, explained Levine. In his view, earlier efforts often tried to accomplish too 
much too quickly. This view has informed his approach to help “gently evolve the system” and 
guide it in stages toward more conceptual understanding, critical thinking, and hands-on inquiry. 
Their partnership with the publisher has been particularly helpful in this respect because 
“because they go out and they have their marketing people do research with all the teachers who 
are potentially using the program. They come to us with some ideas. We push back. We don’t 
compromise on certain things, we agree with them on others.” According to Levine, an active 
marketing effort is needed for materials to have the broadest possible reach and effect. As 
developers, they help ensure that the publisher is making accurate claims about the curriculum 
when marketing staff share it with teachers, and they incorporate the feedback gathered from 
teachers in their revisions. Producing these materials for broad use requires a wide range of 
talents, including illustrators, artists, designers, and communicators, he said. 
 Levine described their model of change as a “recipe,” in which users can assemble 
different ingredients to produce variations on the same dish. However, publishers assist teachers 
with the ease of using this recipe through mass production and distribution, and in the way that 
publishers package the “ingredients.” This process of changing the way that science is taught is 
not an easy one, and the complexity of the educational ecosystem and many outside influences 
can make change more difficult, said Levine. Changes within the publishing industry, including 
digital disruption, and politicization of scientific topics are also factors that can affect the process 
of developing, distributing, and implementing instructional materials.  
 Levine and Miller’s approach began with goals, rather than standards, Levine explained. 
Their goals were to share their excitement for biology and to help teachers and students deeply 
understand concepts and the ways in which biology affects their lives. They also wanted to have 
as large an impact as possible on biology education nationwide and viewed storytelling as an 
essential aspect of engaging students and teachers. The resulting textbook, Biology, that Levine 
and Miller produced and published with Pearson was radically different than other texts of the 
time, explained Levine. 
 Over time, Levine and Miller continually updated their materials. Instructional materials 
must evolve, Levine emphasized. “Nature does not take leaps. Teachers don’t like to either,” he 
said. The biology text used to begin with short vignettes and guides for the teachers to use to 
guide inquiry. Now, each chapter begins with a mystery. For example, the chapter on cell growth 
and division began with a story of a salamander whose leg had been lost. The chapter provides 
clues through discussing topics relevant to the regrowth of the limb, such as mitosis, cell cycle 
control, differentiation, stem cells, and development. The chapter concludes by asking the 
students to solve the mystery. The next edition will feature case studies to begin each chapter, 
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providing information and concluding with a wrap-up of the case study and critical thinking 
work. The publisher supported this change and the addition of problem-based assessment at least 
in part because of the NGSS, explained Levine. 
 Finally, Levine emphasized the critical role of professional development in achieving 
widespread adoption of instructional materials. “Teachers don’t know how to do this kind of 
teaching,” he said. Although a small minority of teachers will be able to implement instruction 
consistent with the NGSS, the vast majority will need professional development to do so. 
Providing annual professional development is also a means for learning what systemic 
constraints teachers face in changing the way that they teach science, how these constraints are 
evolving, and how they can be eliminated to facilitate science education consistent with the 
NGSS. 

 
Developing an Online Curriculum 

 
 Eric Berson of Mystery Science described his organization’s approach to developing an 
online elementary science curriculum. Now in its third year, Mystery Science has grown from 
reaching fewer than 10,000 students in 2014–2015 to reaching more than 1 million students 
during the 2016–2017 school year. At the heart of Mystery Science is the belief that young 
children are naturally curious and that this curiosity should be nurtured in the classroom far more 
than it currently is. Berson explained that fostering this curiosity is especially important in 
elementary school because experiences there are important in shaping students’ ideas about what 
science is and their interest in pursuing it. However, teachers face challenges in teaching science 
at this level, in part because they are expected to be experts in all subject areas. Therefore, 
Berson and his colleagues have approached their work as “engineers” developing a solution to a 
problem, systematically breaking down the barriers to teaching science consistent with the NGSS 
(e.g., cost or lack of professional development). They have emphasized making it as easy as 
possible for elementary teachers to get started and to feel successful teaching science. “Our 
theory is if we can create materials that teachers can pick up on their own and share with each 
other, where they can go from not teaching science to teaching science, or to teaching science 
and teaching it in a more engaging way, in a more successful way, we have started momentum 
that can be built upon,” he explained. “This could be the first hour of a longer unit. This could be 
a modular piece that fits into other things that they are doing.”  
 Mystery Science starts with asking compelling questions developed in-house or drawn 
from a large database of questions that students have generated. For example, on the homepage 
of a unit about the rock cycle, teachers can view the mysteries on this topic that students could 
explore and activities associated with those mysteries. Within each mystery, teachers can quickly 
access a list of the common, easy-to-find materials needed for hands-on explorations; videos; and 
discussion questions for their lessons. Resources include video instructions for hands-on 
activities, as well as images and other videos to support conceptual understanding. Berson noted 
that teachers can also download these resources, so that they can access them when they are not 
connected to the Internet. These activities are designed so that students are slowly building their 
own conceptual understanding, making observations, and making sense of the phenomena. 
Berson emphasized that units must be profound, personal, and fun for students, while also being 
consistent with the NGSS and easy for teachers to implement. 
 To develop each unit, teams comprised of science storytellers, activity developers, visual 
storytellers, and a project manager work together to identify the profound scientific perspective 
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they want to convey for each NGSS topic, as well as the phenomenon that can provide a jumping 
off point for investigation. The team focuses on identifying phenomena that will be concrete, 
real-world, relatable, and engaging for children. The team develops and tests scripts, visuals, and 
activities before they record and publish each unit. The Mystery Science team seeks and 
incorporates teacher feedback on each unit, and conducts in-person classroom observations in 
their efforts to revise and improve the curriculum. Producing online materials also makes it easy 
to modify materials to adapt to teacher feedback and changing needs. Mystery Science is 
receiving positive feedback from teachers, said Berson. 
 

Development of Instructional Materials through Research 
 

Charles Anderson described the Carbon Transformations In Matter and Energy (TIME) 
Project, a research-based curriculum focused on carbon cycling at multiple scales, including 
global carbon cycling and its effects on climate change. Making the changes in curriculum and 
instruction, materials, and professional support needed to enact the NGSS vision for three-
dimensional learning would be unprecedented in magnitude, stated Anderson, but consensus 
around the vision of science education could prove a powerful foundation for longer and slower 
changes over time. Like the advocates of scientific medicine in the early 1900s who achieved 
dramatic shifts in medicine, Anderson and his team are working to achieve this profound change 
through design-based implementation research. In his view, developing systems to support the 
shifts needed should be more dramatic and revolutionary than evolutionary and incremental. 
Their research involves 150 teachers and more than 20,000 students over 2 years. 
 The Carbon TIME curriculum is comprised of six 3-week units addressing ideas in life, 
earth, and physical science. The curriculum emphasizes 3D learning consistent with the NGSS, 
and units are part of a broader system that includes curriculum and assessments, professional 
development, and teacher support networks. 
 The research is integral to the design and implementation of the curriculum. The 
curriculum is built on a theory about science learning, and also includes a system of assessments 
with predictive power and standards for measuring the effectiveness of instruction. The research 
is informed by and informs the further development of theory. The first part of the theory 
consists of an interpretation of NGSS 3D learning. “We recognize that scientific knowledge 
includes different kinds of claims that are validated and used in different ways. Observations, 
patterns, models. Scientific practices connect different kinds of knowledge claims as we create, 
validate, and use scientific knowledge, and crosscutting concepts function as discourse rules that 
constrain both knowledge and practice,” Anderson explained. 
 The learning progressions for middle and high school students and associated 
assessments, the second part of the underlying theory for Carbon TIME, have been developed 
through an iterative process of design, assessment, and interpretation of the data to inform 
revisions. The progressions form the basis for curriculum development, assessment, and 
professional development. Finally, the third part of the model consists of the theory that drives 
how teachers offer decreasing amounts of support to students as they learn science practices. 
Students practice being questioners, investigators, and explainers of phenomena in each unit. 
These practices can not only help affirm the value of students’ own ideas, but also help them 
recognize the limitations of that knowledge and how scientific tools can be used to fill those 
gaps. 
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 Carbon TIME provides teachers with a toolkit to help them implement in the classroom, 
but “using it successfully requires classroom discourse that’s rigorous and responsive,” Anderson 
said. Teachers participate in 2 years of professional development through in-person and online 
training, and through intersecting and supported professional networks (e.g., teacher team 
meetings and research team meetings). Measuring the efficacy of Carbon TIME involves 
assessments of learning, classroom observations, teacher interviews, and surveys of teachers’ 
professional networks. Together, the goals, instructional support, and measures of success 
comprise an iterative design cycle. 
 Anderson’s data show that high school students who participate in Carbon TIME are 
outperforming college science majors. Still, only a minority of these students are achieving at the 
level of NGSS performance expectations. Based on case study data they are collecting, Anderson 
and his colleagues are also seeing a chasm between what teachers know about scaffolding three-
dimensional science learning and what they know and are expected to do to fulfill their basic 
responsibilities as classroom teachers. 
 Although consensus around NGSS goals exists, support systems for teachers to enact 
them are currently fragmented, stated Anderson. Designing materials and systems are helpful in 
making this vision a reality, but they also require resources, “powerful theories, deep and 
accurate assessments, and rigorous standards for judging success,” he concluded.  
 

Research-Practice Partnership 
 

 Philip Bell of the University of Washington described the context and conceptual 
underpinnings of curriculum design through a research-practice partnership. Initiated prior to the 
release of the NGSS and after the publication of the Framework for K–12 Science Education 
(National Research Council, 2012), the partnership focused on the development of a year-long 
high school biology course, as well as an English Language Arts course. It involved 20 
researchers working with 50 teachers, 3,000 students, and 700 disciplinary experts. Bell and his 
team are currently focused on developing instructional materials for a range of in- and out-of-
school science programs in such areas as robotics, engineering, and computational inquiry. 
 Bell said he and his colleagues approach their work applying several key principles. First, 
they see building on learners’ prior interests and identities as vital. Thus, science and engineering 
investigations should be driven by learner interest, and students should have authority to design 
and control how knowledge unfolds during the learning process. Second, cultural formative 
assessments that assess how student interests and identities are addressed, as well as cognitive 
assessments of learning, are embedded within the materials. Third, participation structures and 
language supports are designed to foster inclusion and equity. The premise that learning and 
knowledge are culturally produced is also central to the way that Bell and his team work with 
students, teachers, and parents. Figure 4-2 shows the principles for the design of instructional 
materials that follow from this central premise. 
 Although partnerships can take a variety of forms, Bell focused his remarks on design 
research partnerships. These are long-term collaborations between practitioners, community 
experts, and researchers, organized to investigate and to make improvements on agreed-upon 
educational goals. Such partnerships leverage and value the expertise and perspectives that all 
stakeholders bring. Together, partners iteratively co-design, test, and refine curricula and 
assessments that are embedded within ongoing educational improvement efforts that often 
intersect with the interests of a variety of stakeholders.  
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  To illustrate various ways that his team works in partnership with teachers, Bell 
explained that his team and their district partners may often meet several times per week to 
develop 80 hours of professional development for 100 teachers focused on the materials his team 
has been adapting or creating. In addition, he and his team have worked across schools in the 
Seattle area to help them adapt commercially available materials to create coherent storylines 
consistent with the NGSS, incorporate more local and personal phenomena, and build in 
formative assessments and other adaptations. They also “engage networks of teachers to leverage 
their expertise of knowing what issues come up around particular topics,” said Bell. They use 
this knowledge of the diverse ideas that students are likely to generate and how teachers can 
respond to these to create an educative resource within the instructional materials.  
 The research design partnership has four cross-cutting dimensions: equity, pragmatism, 
mutualism, and historicity. The process begins with a focus on equity, explained Bell. To address 
this issue, they disrupt problematic practices, such as unfair assessment practices, and provide 
disproportionate resources for youth. Pragmatism means that rather than developing a curriculum 
in isolation and trying to implement it, they are instead “building from [teachers’] materials, 
adapting, sometimes developing new pieces to add to the set,” he stated. This can mean focusing 
on short-term improvements that can be made, while thinking of the longer-term shifts for which 
they are building. 
 Mutualism guides the partnership because communities, schools, and teachers should 
have the primary influence on schooling in Bell’s view. Researchers ought to operate in service 
of those constituencies, he added. Partners operate through compromise, mutual dependence, and 
shared benefit. Mutualism also means that decision-making responsibility lies more often with 
practitioners and community members, and researchers are not engaged in trying to implement 
their own agenda. Finally, the partnership among researchers, practitioners, and community 
experts is informed by the history and context that characterize school districts and other affected 
organizations. Informed by a sense of history, partners can seek ways to reconsider and 
transform normative practices. 
 Such partnerships can have several benefits, according to Bell. They foster capacity-
building and learning, leveraging the unique expertise that each partner brings. Partnerships 
foster the trust and the sense of mutual investment and shared purpose that are needed to 
undertake ambitious systemic change, and they foster sustained work on problems in practice 
and shifts in values. Such partnerships also help demonstrate the relevance of research and offer 
a nimble mechanism for adapting when there are changes in people, environments, or priorities. 
Bell and his colleagues also have research evidence to support their focus on student agency in 
the learning process. Compared with students who only had an inquiry-based curriculum, when 
students’ own agency was emphasized, they had a greater understanding of the role of science in 
society and their own ability to learn how to do science. Partnerships also face challenges, 
concluded Bell. For example, his team struggles with finding the right mechanisms to provide 
resources to teachers in the forms, places, and timeframe in which they need them, while 
remaining consistent with the NGSS and the Framework.   

 
ADOPTION AND TEACHER USE OF INSTRUCTIONAL MATERIALS 

 
Instructional materials for NGSS science education can only benefit students if they are 

ultimately used in the classroom. Participants learned from an ongoing study of factors that 
affect whether and how teachers use instructional materials in their classrooms. 
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Darleen Opfer of RAND Education presented the results of an ongoing 3-year study of 
teachers’ use of curriculum materials to implement Common Core State Standards (CCSS) in 
math and English Language Arts (Opfer et al., 2016). The majority of states in the United States 
are implementing CCSS, except for Alaska, Indiana, Oklahoma, South Carolina, Virginia, and 
Texas.1 The study, now in its second year, examined teacher knowledge of the standards, how 
they are implementing the standards in the classroom, and the supports they need for 
implementation. A key insight from this work is that teachers struggle to implement high 
standards when they do not have a comprehensive curriculum aligned with those standards, 
Opfer noted. Although most teachers do not have access to this type of curriculum, those who do 
really benefit from it, she added. 
 The primary source of information for this study was the American Teacher Panel 
Survey2 conducted in October 2015 and included more than 1,100 teachers who are participating 
in an ongoing longitudinal panel. Based on the results of this survey, Opfer and her colleagues 
examined one curriculum, Engage New York (EngageNY), an open-access, comprehensive 
curriculum with units and lessons for every topic and every grade level developed by the State of 
New York, in greater depth. They gathered data through Google Analytics to collect information 
about page views and other data. They also conducted telephone interviews with 31 teachers who 
reported through the survey that they use EngageNY at high levels. 
 Selecting from a list of available curricular materials, 90 percent of teachers of ELA and 
mathematics reported that the materials they use most are those they or their districts developed 
themselves. Further examination of this finding reveals that teachers essentially curate their own 
curricula, collecting materials from traditional curricula and other sources. The vast majority of 
teachers do not use published curriculum materials even 1 day per week, explained Opfer, with 
only 15 percent using such materials 1 day or more per week. When teachers are using a 
curriculum, they are using the curricula most aligned3 with CCSS, EngageNY, and Go Math. 
 In ELA, 99 percent of elementary teachers report using leveled readers (books that are 
matched to children’s reading abilities), and secondary teachers also use them at high rates. 
Other commonly used ELA resources have significant portions devoted to leveled readers. 
However, CCSS places greater emphasis on the use of complex text. The second year of this 
study followed up on this finding to seek more information about this high use of leveled 
readers. Teachers who have a high understanding of the CCSS tend to use leveled readers less, 
except when those teachers serve high numbers of at-risk students. In these cases, teachers report 
that they lack understanding of how to differentiate instruction using complex texts. 
 Availability is the top reason that teachers select certain instructional materials. Between 
66 and 84 percent of teachers often choose materials because they are required or recommended 
by their districts or states, especially for elementary math. “We think this is really important 
information for thinking about how we continue to support implementation, because when 
teachers hear from their districts or their states about what to use, they use it. It’s an important 
signal that I think has been underutilized,” said Opfer.  
 Teachers also use online materials for instruction with nearly all teachers using Google to 
locate materials, but also high percentages using Pinterest (86 percent – elementary; 63 percent – 
secondary), TeachersPayTeachers.com (87 percent – elementary; 53 percent – secondary), and 

                                                 
1 Minnesota implements CCSS for ELA but not mathematics. 
2See https://www.rand.org/education/projects/atp-aslp.html for more information about the American 

Teacher Panel Survey [December, 2017]. 
3 Degree of alignment is based on EdReports analyses. 
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state departments of education websites (63 percent – elementary; 73 percent – secondary). More 
than one-half of elementary teachers also used Readworks.org, and more than one-half of 
secondary teachers used Khanacademy.org. These findings provide further evidence that many 
teachers are curating their own curricular material, stated Opfer. This is especially true of 
teachers of low-income students, she explained, which may signal that they lack the materials 
necessary to meet the needs of their students. 
 As noted above, one curriculum consistent with the NGSS, EngageNY is used by a high 
percentage of teachers. Opfer and her colleagues examined this case in detail for insights that 
help to explain its success. Although most teachers who use EngageNY are in states that have 
adopted CCSS, even teachers in non-CCSS states use it as a resource. Its mathematics resources 
are used more often than its ELA resources, but this may reflect the greater abundance of 
materials for ELA that exist, Opfer explained. Teachers in CCSS states report that EngageNY’s 
alignment with the standards and their district’s recommendation are two reasons that they use it. 
Among math teachers using EngageNY, 44 percent were required to do so by their districts, 
while 41 percent of teachers followed the recommendation of their district. Among ELA teachers 
using EngageNY, 47 percent were following district requirements and 50 percent followed the 
district’s recommendation. In interviews, teachers reported that it helped them know exactly 
what they needed to do and expressed confidence that it would help their students achieve the 
standards. 
 “A really important finding about the use of EngageNY and something we’re also seeing 
in our other work is that when teachers use aligned curricula, they’re also more likely to report 
engaging in standards-aligned practice,” stated Opfer. Math teachers using EngageNY more 
often report that students explain and justify their work, and ELA teachers report more use of 
complex nonfiction in their classrooms. Although teachers report that they like the rigor of this 
curriculum, they also report that it lacks supports for special needs and differentiated instruction. 
Teachers also report that they sometimes have difficulty covering the amount of content it 
includes. 
 Opfer presented several take-away points from this study. First, the study found that 
teachers are embracing the CCSS, contrary to frequent media portrayals, but still lack the needed 
supports to implement the standards successfully. Second, strong and clear signals from states 
and districts are important to the adoption and implementation of instructional materials, she 
said. “One of the conclusions we’ve come to is that the reason Louisiana teachers understand and 
are implementing the standards more so than in other states is because the state has very clearly 
signaled to them what they should be doing and what they should be using,” Opfer stated. 
However, recommending curricula aligned with standards needs to be paired with aligned 
assessments and professional development to keep teachers from getting mixed messages about 
what and how they should be teaching. Third, although open-access materials can be helpful, 
most are not comprehensive, leading many teachers to curate their own curricula. Embedded 
supports for the use of such materials would be one approach for helping teachers learn to 
effectively use and adapt open-access materials. 
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BOX 4-1 State Adoptions of Science Materials, 2015–2019 
 
2015: OK, SC 
2016: AL, NC, WV 
2017: LA, OR, TN 
2018: FL, ID, TN 
2019: CA, MS, NM, VA 
2020: --------- 
 
SOURCE: K-12 Classroom Technology Survey Report 2016, Simba Information. 
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FIGURE 4-1  Percentage of device use in science. 
 

Device  Science Do not use 

iPad 28.4% 54.6% 

Chromebook 22.9% 67.2% 

Non-Chrom 
Lap/Note 

26.4% 60.6% 

Non-iPad Tablet 6.0% 91.3% 

Smartphone 10.1% 81.4% 

eReader 2.5% 91.5% 

Student Response 
System 

10.6% 83.7% 

iPod/MP3 Player 1.6% 94.5% 

 
SOURCE: K-12 Classroom Technology Survey Report 2016, Simba Information. 
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5 
Implementing Instructional Materials for the NGSS  

 
 
 
 
 
 Implementation is how instructional materials ultimately make a difference for student 
learning. This process not only involves addressing the professional learning needs of teachers to 
teach Next Generation Science Standards (NGSS) science in their classrooms, but also building 
the capacity within schools, districts, and states to support and sustain these new ways of 
teaching and to help all students reach their highest learning potential. Workshop participants 
examined challenges and opportunities for achieving equity in science education, approaches to 
professional learning, and ways to build the capacity of schools, districts, and states. Finally, 
participants offered their ideas for next steps in the design, distribution, selection, and 
implementation of instructional materials for the NGSS. 
 

EQUITY: SUPPORTING HIGH-QUALITY SCIENCE INSTRUCTION FOR ALL 
STUDENTS 

 
 The importance of equity in science education and the role that instructional materials 
can play was an important theme throughout the workshop. The topic was also the particular 
focus of a panel discussion. Leon Walls of the University of Vermont and Eileen Parsons of the 
University of North Carolina described the nature of the problem, including why, how, and to 
what extent disparities exist in opportunities and outcomes for children of color and from low-
income backgrounds. Alberto Rodriguez of Purdue University and Lizette Burks of the Kansas 
State Department of Education described the opportunities that exist for developers and 
implementers of instructional materials to address these challenges.  

 
Understanding the Problem 

 
 “Arguably, the most pressing challenge facing U.S. education is to provide all students 

with a fair opportunity to learn,” stated Leon Walls, quoting from A Framework for K-12 Science 
Education (National Research Council, 2012, p. 281). Meeting this challenge has been 
persistently difficult to overcome. The long-standing issues of racism in society, and racially and 
economically segregated neighborhoods still exist, he pointed out. In addition, school 
segregation is rising because the coupling of school compensation with housing patterns is 
growing tighter while judicial oversight over student school assignments is shrinking, Walls 
noted. “Students who grow up and have different lived experiences see and understand science 
completely differently, and we have to understand that,” he emphasized. Decades of research 
show that this economic and racial segregation is harmful to students who attend segregated 
minority schools, and these inequities in schools, districts, and communities are linked to 
different opportunities to learn and to differences in achievement (National Research Council, 
2012). 

One potential cause of these discrepancies is the unequal access to material resources and 
instructional supports that are needed to provide exemplary science instruction to all students on 
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a regular basis. This is especially true for black children in the United States, explained Walls. 
Although most elementary students receive little instruction in science regardless of background, 
in schools serving the most academically at-risk students, there is almost a total absence of 
science in the early elementary grades, he said. Moreover, elementary teachers often feel ill-
prepared to teach science when they do, he added. Therefore, students without the means to take 
advantage of opportunities to learn science outside of school can end up at a developmental 
disadvantage relative to those who do.  

In addition to these societal and systemic challenges, terminology used to describe 
children—“minorities,” “underserved,” or “at-risk”—can be a barrier to an equitable education 
because the language often represents a set of beliefs about what children of color are capable of 
learning. “If we, in our classrooms and in our institutions, still refer to children of color in terms 
that signal to them that they are outside of everything, it is not going to change the instruction,” 
he stated. Enacting the NGSS and making science education more equitable will mean changing 
the way that teachers and others think about children of color, according to Walls.  

Opportunities exist to make science education more equitable. The NGSS can and should 
serve as a catalyst toward that goal, even if external or societal barriers persist, noted Walls. 
Resources, including the Framework and existing research on culturally relevant pedagogy, offer 
important ways that instruction can be more inclusive and motivating for diverse groups of 
students, he said. Short-term strategies for addressing these issues can include forming 
researcher-practitioner partnerships that are centered on addressing equity or ensuring that 
assessments are meeting the needs of all students, said Philip Bell of the University of 
Washington, in a follow-up comment. Longer-term efforts could focus on fostering a more 
diverse field of developers, researchers, and educators in science education, Bell added.  

 
Understanding the Need for Equality and Equity: Data on Racial Disparities in Access and 

Achievement 
 

Eileen Parsons presented insights and data on racial equity and equality in education to 
provide a context for considering the rationale for addressing these issues in science education 
and instructional materials. Racial disparities in education have been persistent and changing far 
too slowly at a time when quality of life and economic prospects are increasingly dependent on 
the science, technology, engineering, and mathematics (STEM) fields, she said. The STEM 
fields continue to have an overrepresentation of whites relative to other groups, even though as 
of 2014, there is not a single racial numerical majority in the U.S. school-age population. Fortune 
500 companies are beginning to work to increase diversity; it is now urgent to address disparities 
in schools, according to Parsons. 

One reason for the lack of progress in addressing disparities among groups is the current 
equality approach used. Providing the same opportunities to all groups assumes a level playing 
field and leaves intact the political, economic, social, and educational barriers that face some 
groups, she said. Figure 5-1 illustrates this approach. For example, black and Hispanic children 
experience higher rates of poverty relative to white children, even controlling for the educational 
attainment of their parents.  

Equality is a national ideal, explained Parsons, but schools remain highly segregated, and 
the vestiges of an educational system initially engineered to be unequal remain. In fact, as 
recently as 2015, only 5 percent of white students attended schools where the student body was 
75 percent or more minority students, whereas 57 percent of black students and 60 percent of 

Design, Selection, and Implementation of Instructional Materials for the Next Generation Science Standards (NGSS): Proceedings of a Workshop

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/25001


Prepublication copy, uncorrected proofs 
 

5-3 
 

Hispanic students attended these schools. This is problematic in part because decades of data 
show that resources follow white students. This means that even achieving the goal of providing 
equal opportunities for all students is not yet occurring. Figure 5-2 illustrates the differences in 
access to math and science courses among white, Hispanic, and black students.  

These student groups differ in achievement, as illustrated by differences in math 
performance over the past several decades. Trends in math performance on the National 
Assessment of Educational Progress (NAEP) show a largely unchanged achievement gap from 
1978 through 2012, with whites outperforming black and Hispanic students at ages 9, 13, and 17. 
Data from 2009 and 2015 show the same pattern in science, using NAEP data (see Figure 5-3). 

 “What we need is equality and equity,” stated Parsons. Although the same opportunities 
should be provided (equality), equity means that remedies to respond to an uneven playing field 
are also needed. This concept is difficult to accept in the United States because it challenges the 
narrative that individuals can overcome any obstacle or life condition. Many conditions that 
children face set them on trajectories that require equity-based approaches to change, according 
to Parsons. As demographic diversity and the size of the U.S. science and engineering workforce 
grow, there is a pressing need to address the potential of a wider segment of the population, she 
explained.   

Developers of instructional materials for science education can take three actions to help 
address these needs, suggested Parsons. First, developers can be mindful of the larger context 
and the conditions that could impede the effectiveness of their materials when the materials are 
implemented and provide guidance to overcome those obstacles. In addition, developers should 
identify the minimum implementation conditions necessary for their materials to have an impact 
on student learning in the classroom. Second, developers should consider their content, and 
whether the knowledge being gained differs by population. She suggested that they determine the 
impact of that knowledge in terms of change in life trajectory for students. Third, developers 
should build in scaffolds for learning into the materials, as well as external resources for teachers 
and schools to increase their ability to be used effectively. Such scaffolds should supplement 
materials in ways that differences in backgrounds are not positioned as deficits, she added. 

 
Making Instructional Materials Culturally and Socially Relevant 

 
Alberto Rodriguez provided practical guidance on avoiding seven common pitfalls in 

attempting to make instructional materials for science education more culturally and socially 
relevant. He first asked participants to consider an example from a popular engineering 
curriculum that featured colorful pictures of siblings traveling around the world because, he said, 
it illustrates two of these pitfalls. 

The first pitfall he described—180-degree extreme stereotype reversal—occurs when an 
extreme example that has little basis in reality is included to compensate for a previous lack of 
representation of diversity. In this example, two siblings traveling the world without their parents 
illustrates this type of problem. The example also illustrates a second pitfall—using people of 
color as a colorful background. With no context to connect to the siblings, their inclusion can 
either lead to distraction because they are unrelatable, or to resentment because the students of 
color are being used like a backdrop. 

A third pitfall to avoid, explained Rodriguez, is limiting creativity. Telling students to be 
as creative as they like, but constraining the materials they can use, for example, unnecessarily 
restricts creativity. Rodriguez suggested that students be provided with more opportunities to try 
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different equipment or apply creativity within the constraints of the project, rather than having to 
follow prescribed procedures. 

Rodriguez also suggested that too little time is spent discussing ethics related to science 
and engineering, which is a fourth pitfall. He stated that engineering projects in particular seem 
to value lower cost and shorter times to completion and profits, with little consideration of ethics. 
In teaching engineering to students, the goal is not simply to create “mini-engineers,” he said, but 
rather to help them better understand science and engineering practices. 

The fifth pitfall is that curricula may raise awareness and encourage student agency, but 
discourage “making waves.” Rodriguez suggested that developers and others consider how to 
respond if students want to act on a science or engineering topic they learn about. For example, 
students may seek to assess food deserts in their neighborhood or start a petition to call for city 
officials to address the problem. Teachers may be concerned that such an action would create 
trouble for themselves or their school. “What are you going to do when they may want to do 
something that may be problematic? Are you going to tell them…it was just to do here, but do 
not go out there and apply it in your community?” asked Rodriguez. 

A sixth pitfall to avoid is creating the impression that failure is not an option. Rodriguez 
noted that the concept of failure in science and engineering receives too little attention, 
especially at the elementary level. Generating excitement for the endeavor to create engagement 
is important, but failure can lead to negative emotions among younger students. However, failure 
and the reactions to it can be anticipated and addressed. Emotional responses can vary by the 
individual backgrounds of students, but improving emotional literacy and pedagogy to manage 
varying reactions can help prepare teachers to manage these reactions, explained Rodriguez. 

Finally, Rodriguez cautioned participants to avoid the seventh pitfall, what he termed the 
“savior fetish.” He explained this as the tendency to portray members of the predominant culture 
in the role of “savior,” “rescuer,” and “fixer” of the “other” (e.g., the culturally different, poor) 
who are always in distress or needing help. To counter this tendency, Rodriguez suggested that 
class discussions could consider how members of communities are addressing problems 
themselves or could be a source of ideas from which members of a predominant culture could 
learn. 

In addition to avoiding these pitfalls, Rodriguez noted that future iterations of the NGSS 
need to more effectively integrate dimensions of engagement, equity, diversity, and social justice 
(Rodriguez, 2015). His 2015 critique of the NGSS emphasized the point that diversity needs to 
be more purposefully embedded throughout the standards. In his view, this integration is 
important for more systematically addressing issues of equity and diversity. Such issues should 
not be relegated to an appendix, he said. Integrating how to address issues of culture, diversity 
and equity at the “same level of importance as talking about engineering and scientific practices 
will send a different kind of message,” noted Rodriguez. This would help change everyday 
teaching practices. 

 
Making Diversity Visible in Instructional Materials for Science Education 

 
Lizette Burks shared how her personal experiences as a K–12 student learning English, a 

classroom teacher, and a science education leader have shaped her efforts to promote equitable 
science learning. Her own education lacked opportunities to make sense of science at school, she 
said. Burks credits her success to her mother, who was a teacher who could help her discuss 
these phenomena at home in the context of her culture and community. Her own experiences as a 
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classroom teacher shaped her views as well, as she witnessed how both students of color and 
white students would discuss their ideas about science with her. These experiences illustrated 
that the sense-making occurred primarily in these “sideline chats” with students, but were not 
brought forth in the instructional materials. When she moved on to review curricula as a science 
leader for her district, she noted that issues of culture and language continued to be addressed on 
the sidelines. For example, curriculum materials put issues of diversity in text boxes or extra 
links on websites. 

Instructional materials need to move from placing culture and diversity on the sidelines to 
making them an integral part of the materials, emphasized Burks. To do this, instructional 
materials should make diversity visible, she said. Many concrete ideas for doing this are found in 
Chapter 11 of the Framework (National Research Council, 2012), including relating youth 
discourses to scientific discourses, building on prior interest, and tapping cultural funds of 
knowledge. These can help students with different experiences see themselves in the materials 
and be invited to make sense of what they are learning as part of the curriculum, she said. 
 

Discussion 
 

 Panelists discussed systemic barriers to equity and prospects for enacting the vision of the 
NGSS. Parsons indicated that little is likely to change if there is not broader acceptance of 
approaches to providing equity rather than equality. This requires focusing on outcomes (e.g., all 
children are able to achieve at their highest potential) more than process (e.g., what teachers are 
doing). Making diversity visible in instructional materials is one approach to addressing the 
structural and institutional barriers, suggested Burks. This visibility makes it easier for teachers 
to discuss the topic with colleagues and to see what children bring from their culture to the 
sense-making process as assets. Rodriguez emphasized that the lack of science education in the 
schools is his primary concern. In California, he has observed less science instruction, even in 
middle school, because of an emphasis on reading and math and the standardized testing in those 
subjects. 

Panelists also discussed the role of language in science education. Burks noted that 
approaches to teaching English learners have advanced since she was a student, but instructional 
materials still focus more on behavioral interventions than on sense-making. Parsons explained 
that science has its own language, which can be a barrier for many students who do not hear 
technical language at home or in other settings. “It is important to connect the scientific and 
technical language to the language of their everyday lives, the language that they use in their 
experiences,” she said. According to Parsons, this connection is important for equity because it 
helps to make the curriculum accessible to diverse groups of students. Rodriguez added teachers 
are increasingly challenged by meeting the needs of students who speak a variety of languages. 
However, teachers can learn to create a welcoming and inclusive environment. The Framework 
offers strategies for and concrete examples of language integration in science education, added 
Burks. 
 There are examples where progress has been made to make science education more 
equitable. The work of Brian Brown has emphasized connecting student experiences and 
backgrounds to scientific phenomena, suggested Parsons. This has helped students see the 
relevance of science, according to Parsons. Increasing the flexibility in how students can 
represent their science knowledge has been successful in increasing student engagement and 
learning, according to Rodriguez’s research. William Penuel of the University of Colorado noted 
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that his curriculum development team administers surveys to students to better connect to their 
interests and experiences. 

Supporting teachers in their efforts to address diversity and equity may be needed in the 
short term, as structural and societal changes occur over the longer term. Teachers may be 
reticent to address these topics, and leadership and policy support from the principal or from the 
school district can be helpful, stated Rodriguez. Teachers themselves experience inequalities and 
inequities based on the resources and composition of the school population, explained Parsons. 
She encourages teachers to begin with self-examination to understand their own world views, 
perspectives, and biases. From there, she encourages teachers to build relationships with students 
and to encourage students to bring in resources from their lives and communities (e.g., materials, 
stories, people who help as teachers). These connections allow teachers to work more effectively 
within the constraints that exist.  

In Burks’ experience, most professional development around issues of diversity and 
equity has been ineffective and impractical. Experiences where participants engaged in 
structured conversations around their own differences, even if uncomfortable, can be helpful. 
However, often professional development experiences are so brief that it is difficult to have a 
meaningful dialogue. One set of resources, STEM Teaching Tools,1 is effective at making 
diversity more visible and helping people to talk about the issue, stated Burks. 
 

INSTRUCTIONAL MATERIALS AND PROFESSIONAL LEARNING 
 

Professional learning is a key link between the development of instructional materials and 
their successful implementation in the classroom. Barbara Nagle of Lawrence Hall of Science 
described her work to develop and evaluate a model of professional learning. Jennifer Horton of 
Western Placer Unified School District provided her perspective on professional learning as a 
teacher, instructional coach, and co-developer of curriculum. 
 Nagle discussed teacher professional learning based on her experiences with the Science 
Education for Public Understanding Program (SEPUP) and collaborative work with the 
American Museum of Natural History. Nagle said she has observed the ability of instructional 
materials to transform classrooms for teachers and students as a researcher and designer of 
professional learning, and as a teacher using them herself. Evidence also indicates that materials 
can catalyze teachers’ long-term professional learning beyond the instructional materials, she 
said.  
 Nagle is currently collaborating with multiple partners2 to develop and evaluate a model 
NGSS science unit for middle schoolers and a professional development model. Participating 
teachers engage in 12 days of professional development focused on learning about the materials, 
but also about the three-dimensional science learning that characterizes the NGSS. Teachers both 
experience the materials as learners and reflect on them as teachers. 
 The instructional materials have been designed to catalyze teacher learning because they 
provide models for different ways that teachers can interact with students, students can interact 
with materials, and students can interact with each other. The materials also provide specific 
support to teachers about how to implement the materials, as well as how to approach assessment 
and tracking student learning over time. Teachers are encouraged to continuously reflect on their 
practices. 

                                                 
1See http://stemteachingtools.org/ for more information [December, 2017]. 
2 The American Museum of Natural History, the University of Connecticut, and WestEd. 
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 Balancing the need to support teachers in their day-to-day teaching to build confidence 
with the need to help them to think more broadly about teaching science consistent with NGSS is 
a challenge, noted Nagle. When they develop materials, she and her colleagues must also work to 
balance the varied needs of teachers and students. For example, teachers are diverse in their 
years of experience either with science or with teaching. To address this Nagle and her 
colleagues are working to develop different “paths” through the materials based on level of 
teacher expertise. They are also working to determine how to address this teacher diversity while 
considering the needs that stem from the diversity of the communities in which they work. 

The limited time that teachers have for professional development is a challenge. Her team 
seeks to find more efficient ways to support teachers as they move towards more three-
dimensional (3D) science teaching. Feedback from teachers indicates that they would prefer even 
more professional development to support them in making this significant shift in their teaching. 

As a teacher, Jennifer Horton said she has observed the need to help her students be more 
engaged and do more thinking, rather than simply memorizing, regurgitating, and forgetting 
facts. What changed her teaching was participating in professional development that placed her 
in the role of the student. She and her colleagues were presented with a phenomenon and asked 
to generate their own questions about it. The facilitators also asked the teacher-learners 
challenging questions and presented them with tasks to do. These experiences showed Horton 
how much she still had to learn about science. This uncertainty provoked her and the other 
teachers in her group to discuss their ideas, to use provided information, to think deeply, and 
ultimately to answer the question they were exploring. Creating a feeling of safety during the 
professional learning experience was also important in Horton’s view. In this atmosphere, she 
felt that she could question her own previous understanding and abilities and the science. She 
realized that she needed to re-examine her scientific understandings and to make sense of the 
science that she planned to teach.  
 In her role as an instructional coach, she has also found that placing teachers in the role of 
student, though time-consuming, is the most effective way to engage teachers and prepare them 
to use the practices in their own classrooms. Just as with students, Horton has found that teachers 
learn best by doing. 

Horton also discussed insights about how instructional materials can support teachers. 
Engaging phenomena are critical, she explained, but they will differ across classrooms. 
Therefore, providing teachers with options or types of phenomena can facilitate adapting to 
different groups and interests. Providing questions that challenge both teachers and students are 
also important. She explained that materials with embedded strategies to support teachers who 
have limited time, differing levels of experience, and classroom contexts are helpful. For 
example, many teachers do not really know how to facilitate a classroom that is student-centered 
and doing so requires a significant shift in practice, she explained. Horton has found that 
providing many different strategies for teachers to choose from is especially helpful as teachers 
make this shift. Strategies that can be used across curricular areas are particularly useful for 
elementary teachers. One idea is teaching language arts through the lens of science, using 
informational texts and having students discuss and write about the world around them, she 
suggested. In a follow-up comment, Walls added that science is often a subject that gets students 
excited about learning other subjects. 

Teachers also need to feel supported as they attempt new ways of teaching, Horton 
explained. This can mean creating a sense of safety the first time that teachers attempt a new 
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approach. Developers could also communicate the ways in which NGSS science teaching looks 
different to administrators, so that they can understand and better support their teachers. 

 
Discussion 

 
 Teachers experience a tension between the practical challenges of learning to implement 
a curriculum day-to-day with fidelity (e.g., managing the classroom) and gaining a deeper 
understanding of why the curriculum is designed as it is, stated panel moderator Cynthia 
Passmore of the University of California, Davis. Nagle responded that the implementation 
process can take multiple years. Teachers may start with what is written, but ultimately fidelity 
“means understand the vision and the principles so that you make decisions that do not 
undermine your own goals,” she said. Then, after the first year, teachers can use the embedded 
assessment system to gather evidence to adjust. Although materials may never be perfect, “we 
just have to start with what we have, figure out what works and what does not work and keep 
going forward,” stated Horton. Providing teachers with opportunities to interact with other 
teachers around multiple samples of student work and interpret it together can be useful to 
teachers as they begin to understand a curriculum, she added. 

 
INSTRUCTIONAL MATERIALS AND BUILDING SCHOOL AND DISTRICT 

CAPACITY 
 

Building capacity can mean “building the knowledge and skills in educators to better 
teach kids,” according to Jill Cowart of the Louisiana Department of Education. Yet, more 
broadly, it also means that knowledge and expertise come from many different sources. 
Therefore, building capacity in the educational system means that educators are supported by 
infrastructures that connect people in the system to one another and to high-quality resources, 
explained William Penuel of the University of Colorado at Boulder. Panel presentations and 
discussion examined examples of building capacity to support the implementation and use of 
instructional materials for science at the school, district, and state level.  
 

Professional Development for Administrators 
 
 Katherine McNeill from Boston College offered insights from her experiences as a 
curriculum developer working with school administrators to support science instruction 
consistent with the NGSS. Her efforts arose to address a problem—when teachers implemented 
NGSS science instruction, their principals would not permit it to continue. After a new 
evaluation system was implemented in Massachusetts, principals “were coming in looking for 
reading and writing. They were looking for quiet kids sitting very attentively. Science was 
messy. Science was loud. This did not match what they thought,” McNeill explained. Her 
partner, Pam Pelletier, the science director of Boston Public Schools, requested professional 
development targeted to educational leaders, assistant principals, and principals to address the 
problem. Together, McNeill and Pelletier received funding for the Instructional Leadership for 
Science Practices (ILSP) project. 
 This experience highlighted the importance of attending to more than just teachers and 
students, stated McNeill. Developers need to provide guidance or other materials to support 
administrators, she said, considering their specific backgrounds and needs. Many have no 
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experience as science teachers, and they have competing demands on their time. Further, when 
principals observe science teaching, they attend to issues of general pedagogy (e.g., how many 
students are talking?) rather than the science, in McNeill’s experience. 

Despite their limited time and experience with science, principals are very receptive to 
learning more about science practices, McNeill said. A useful “on-ramp” has been offering 
principals support that they value to improve their ability to use Massachusetts’ evaluation 
system. McNeill recommended that developers consider the needs of stakeholders and how to 
connect to them.  

She also suggested that developers consider ways to simplify professional development 
for administrators. Principals do not need the same level of understanding as science teachers, 
stated McNeill. ILSP focuses on helping administrators understand science practices. Further, 
based on administrator feedback, they have condensed the eight science practices outlined in the 
NGSS into three types—investigating practices, sense-making practices, and critiquing practices. 
In McNeill’s view, simplifying information for different audiences makes the goal of helping 
administrators understand NGSS science more achievable. Understanding the formats of 
information that will appeal to various audiences is important, too. ILSP includes both paper and 
electronic tools for administrators; however, she has found that principals have widely used 
small, colored laminated materials that could be posted in their teachers’ classrooms. 
 

Building School District Capacity through Researcher-Practitioner Partnership 
 

Douglas Watkins discussed how partnering with teachers as co-developers of curriculum 
can help build school and district capacity to implement NGSS science. The science curriculum 
specialist for Denver Public Schools, Watkins has served as a partner with researchers from the 
University of Colorado at Boulder developing a 9th-grade biology curriculum and assessments. 
He and other teachers have become leaders in the district through the curriculum writing process. 
This process of both writing and using NGSS-consistent curricula has deepened understanding 
and reinforced the underlying philosophies behind the NGSS. 

Building capacity in his district also comes in the form of teachers taking on leadership 
positions. Watkins has encouraged teachers involved in co-developing science curricula to apply 
for positions as regional team specialists with the Denver Public Schools. Specialists who are 
deeply knowledgeable about NGSS are then able to provide professional development to others. 

Watkins’ partnership with the research team has increased his own capacity to serve as a 
leader for NGSS science. As his understanding of the Framework and NGSS grows, his ability to 
provide effective professional development to more teachers has also grown. This has been 
important to their efforts to take science teaching consistent with the NGSS to scale. In addition, 
Watkins has been able to build capacity within individual schools through his one-on-one work 
with teachers. “This work and partnership just for me personally is extremely motivating and 
provides a positive feedback loop. The more I do it, the more I want to do it. The more I do it, 
the better I am at it. That really is a strong lever for building capacity through the district,” he 
said. He plans to use his expertise to benefit the upcoming science curriculum adoption process 
for middle school. 

William Penuel described his view of the partnership as the leader of the research team.3 
Curriculum, professional development, and coaching must all work together, he said. This means 

                                                 
3Their partnership has also benefited from the expertise of Brian Reiser and his colleagues, as well as 

partners from other states, said Penuel. 
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that design and implementation need to be considered together, so that each element can help to 
calibrate the others. If the curriculum is immutable, then determining how it can be implemented 
successfully becomes the problem of another part of the system, he explained. In partnership, 
members of the team devoted to development and practice can help ensure that the curriculum is 
able to be implemented faithfully in a way that benefits students. Paradoxically, learning how to 
adapt to local variations in partnership with practitioners can actually make a curriculum more 
useful and adoptable in a wider variety of settings, explained Penuel. 

According to Penuel, working in partnerships to co-develop curriculum conveys four key 
benefits. First, such partnerships can result in useable materials that reflect the best expertise 
from subject matter experts. Second, having scientists who study learning working together with 
teachers and education leaders results in a cadre of teacher-leaders who are deeply 
knowledgeable about the vision of the Framework and how it can be embodied in instructional 
materials. Third, partnership work helps to build the supporting infrastructure for the use of 
materials, calibrated to the localized assessment and evaluation systems by which teachers are 
judged. Fourth, student learning improves, as demonstrated through randomized control trial 
research Penuel has conducted. His research compared four conditions: 1) teachers who 
implemented a high-quality curriculum with fidelity; 2) teachers who designed their own 
curriculum unit using a structured process; 3) teachers who were provided with a high-quality 
unit but were also taught the design process; and 4) a control group. The third group of teachers, 
the productive adaptation group, consistently had better teaching and better student outcomes. 
Penuel suggested that curricula could be designed for productive adaptation. 

 
Building Capacity at the District Level 

 
 Lesa Rohrer, the secondary science curriculum coordinator for Oklahoma City Public 
Schools, provided an example of how to build the capacity to transform science teaching across 
an urban school district. Although Oklahoma did not adopt the NGSS, it did adopt a similar set 
of standards and held a curriculum adoption in 2015. Rohrer brought together science department 
chairs and other teachers to use the EQuIP rubric (see Chapter 3) to evaluate curricula. “We 
knew that if we adopted the traditional program that we saw in our classrooms that were at least 
a decade old, because it had been 10 years since we had adopted, then we would have the same 
type of instruction occurring in our classrooms for the next decade,” she said. Ultimately, they 
adopted several curricula—Full Option Science System4 created by Lawrence Hall of Science, 
IQWST5 for middle school science, BSCS6 for high school biology, and Lab-Aids7 for high 
school chemistry. 
 After adoption, Rohrer and her team focused on how to support and sustain 
implementation of these curricula. First, they adapted their assessments to identify evidence of 
student learning consistent with their goals. This process involved drawing upon resources and 
expertise from universities and other states, and then working with a group of teachers in the 
district to further develop an assessment rubric that would work for their district. This group of 
teachers was able to conduct an in-depth exploration of the Framework and develop a better 
understanding of what they needed to look for in evaluating student work. 

                                                 
4See https://www.fossweb.com/what-is-foss for more information [December, 2017]. 
5See http://www.activatelearning.com/iqwst/ for more information [December, 2017]. 
6See https://bscs.org/bscs-5e-instructional-model for more information [December, 2017]. 
7See https://lab-aids.com/ for more information [December, 2017]. 
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 Changing the conversations about assessment in teachers’ professional learning 
communities was another mechanism for building capacity for change across the district, 
explained Rohrer. They wanted to move from a model that focused on identifying needs for 
remediation, a product of No Child Left Behind, to one that focused on ways to differentiate 
instruction. This meant that assessment needed to focus on how to make student thinking visible 
to inform instruction. Rohrer and her team have examined student work to inform their ongoing 
revisions of the assessments they created. Rohrer has also sought to share what her district has 
developed and learned about the process with others in her state.  
 Going forward, Rohrer would like to further develop the assessments so that they can 
better serve a diagnostic function. Such tools, she said, could be useful in identifying gaps in 
instruction as well as ways that the base curriculum could be adapted to better meet the needs of 
students. 
  

Building Capacity at the State Level 
 

 Jill Cowart offered her views on how to build system capacity statewide that supports the 
implementation of new educational standards. She focused on her state’s work to bolster 
instruction in English Language Arts and math consistent with Common Core State Standards 
(CCSS). According to a 2016 study conducted by the RAND Corporation, teachers in Louisiana 
demonstrated a more accurate understanding of approaches and practices consistent with CCSS 
than teachers in any other surveyed state. Cowart attributes this understanding to the emphasis 
they have placed on incentivizing local adoption of high-quality curricula.   
 Louisiana has also seen gains in student learning. According to Cowart, Louisiana’s 4th-
grade students have had the highest growth in the nation on the National Assessment of 
Educational Progress (NAEP) reading and are tied for highest growth on NAEP math. In 
addition, Louisiana is among the top five states in narrowing achievement gaps in 4th grade 
among various groups in reading and math. They are also one of 12 states that require that all 
students take the ACT exam, and their students have increased their scores on this test by a 
higher percentage than any other state. Their students have also made gains in Advanced 
Placement exam scores and graduation rates. “We feel, and the data is showing us, that what we 
are doing is working, which again is why we want to do similar work in science,” stated Cowart. 
 The first step in the process of making systemwide change was finding quality curricula. 
However, they also focused on building teacher-leaders, ultimately two per school, beginning 
with training district administrators. Cowart explained that they did not begin working with 
principals right away. Only after 2 years of work were principals ready to work with the state 
because their teachers and district leaders were talking with them, she stated. Principal training 
involves providing a foundation of understanding about the standards, ways to support teacher 
planning, and what to look for when they are observing teachers. In 2017, Cowart and her team 
have trained over 600 principals on supporting CCSS-aligned math instruction. 
 The next step in building capacity is developing content expertise among teachers 
through credentialing programs and other training. Cowart also explained that they are working 
to align “every piece of the system—the curriculum, the professional development, the 
assessments—so that teachers, principals, districts are all understanding the same priorities.”  
 Cowart challenged participants to consider the case of EngageNY (see Chapter 4) and 
what it suggests for providing high-quality instructional materials. First, she noted that the 
curriculum is not research-based, but rather published quickly based on research-based 
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standards. In addition, teachers who add to EngageNY through their own Internet searches are 
able to identify high-quality materials this way. Third, the curriculum was created by a small 
group determined to complete it, rather than by a large consortium. Fourth, the curriculum was 
not perfect, nor was its implementation. Despite this, it has been highly effective in boosting 
math learning in an overwhelming majority of districts in Louisiana, stated Cowart. “If we are 
waiting for the perfect product, we will still be sitting here in 5 years having the same 
conversation,” she underscored. 
 

Discussion 
 

 Panelists and participants considered the role of capacity-building for achieving the goal 
of equitable science learning for all students. Rohrer’s approach in Oklahoma City Public 
Schools has been to attend to several elements. Ensuring that a high-quality curriculum is in 
place everywhere is of prime importance. However, building capacity to support teachers in 
using the curricula means building in layers of teacher support, including specific curriculum 
training and support from consultants who were deeply familiar with the Framework. Rohrer also 
worked with university experts to help elementary teachers with the science content and 
progressions. Providing experiences that addressed equity at the teacher level was a need as well. 
Using federal funding provided to schools with high numbers of students receiving free and 
reduced school lunch, Rohrer has been able to provide professional development and build a 
teacher-leader group. This group is important for both sustainability of efforts and for credibility. 
“When I have my Teacher of the Year saying ‘I am Teacher of the Year because I taught science. 
That is why my math and English scores went up,’ then she has more credibility than I do,” 
explained Rohrer. 
 Watkins and Penuel both stressed the importance of building equity by connecting 
science to students’ lives. The co-design process helped Watkins understand the way that 
scientific phenomena that are meaningful and relevant to students can help to motivate the 
greatest numbers of students. In addition, Penuel indicated that they are reaching out to groups in 
the community to provide students with opportunities to investigate and address real problems. 
 McNeill indicated that more affluent schools tend to be less concerned about English 
Language Arts (ELA) and math learning among their students, to talk more about science, and to 
experience more demand from parents for science education. Her work with principals has 
helped her see that making more connections between science, ELA, and math learning might 
provide an entry point to increasing the amount of science that occurs in elementary schools. She 
also suggested that developers could create short introductory videos for schools to send to 
parents to help increase understanding and buy-in from this important stakeholder group. 
 Panelists also discussed how the approaches to building capacity at various levels could 
be implemented on a wider scale. Penuel stressed the need for investment in partnerships to 
expand to more locations. “We have to have infrastructure to get infrastructure,” he said. 
Expanding this model to more locations will help illuminate how it successfully generalizes. He 
noted, however, that curricula will always need to adapt to fit local teacher evaluation systems. 
McNeill and Rohrer both indicated that many resources already exist. What is needed are better 
means for sharing these existing resources and for sharing lessons learned. Cowart noted that 
Louisiana has been thinking about scale from the outset, and its model for approaching systemic 
change is applicable elsewhere based on state decisions. She noted that taking efforts to scale in 
rural areas, and other areas with personnel who have to fill multiple roles, means that states need 
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to consider how to ease their burden. “It does not mean we are taking their choice away. It means 
we are providing them the information. We are giving them the tools. We are doing a lot of the 
work for them and they choose to trust us or not,” she stated. Helping people solve their 
problems builds trust, added Cowart. 
 In a comment from the audience, a 6th-grade teacher offered her perspective on building 
capacity based on her experiences learning about building a coherent storyline in understanding 
science. “The work that I did then changed the way I look at science,” she said. “I told my 
friends about it. And then I found out more. And it has grown. Every day this summer that I have 
worked with 40 elementary teachers from K through 8. The human capacity is there when they 
are challenged and when they are supported and when they see the vision…. You give them the 
tools and then you have them try it in the classroom and you continue to support them as they 
enact. We will have more change because we reached to the human capacity. That is what will 
keep this going.” 
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FIGURE 5-2  Access to math and science courses. 
 

  
 
SOURCE: U.S. Department of Education, Office for Civil Rights, Civil Rights Data Collection, 
2011–2012.  
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FIGURE 5-3  NAEP science performance. 
 

  

  
 
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for 
Education Statistics, National Assessment of Educational Progress (NAEP), 2015 Science 
Assessment. 
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6 
Next Steps 

 
 
 
 
 

 The diverse group of stakeholders convened at the workshop—researchers, developers, 
teachers, educational leaders, publishers, funders, and others—contributed to discussions about 
possible next steps to develop instructional materials for science education consistent with the 
NGSS. Small groups convened to discuss how to build smarter supply, demand, and 
implementation of instructional materials for the NGSS. The workshop concluded with 
participants’ final reflections on the day.  
 

IDEAS FOR BUILDING SMARTER SUPPLY, DEMAND, AND IMPLEMENTATION 
OF INSTRUCTIONAL MATERIALS FOR THE NGSS 

 
 Workshop participants participated in one of 10 small group discussions to consider 
approaches for improving the supply, demand, and implementation of instructional materials. 
Afterward, one individual from each group shared suggestions for action steps developed by the 
small group. A list of all suggested action items is presented in Appendix C. 
 Some suggestions focused on improving the review process to identify high-quality 
instructional materials consistent with the NGSS. Group 1 reporter Leon Walls stated, “an 
independent review organization such as EdReports, using expert and well-trained educators 
from states, should review publisher and OER materials and share results.” Several other 
participants agreed, but added their views that a broad coalition of stakeholders should comprise 
the group who conducts the reviews. Walls explained that reviewers could include both experts 
and well-trained teachers. Fred Niepold from the Climate Office at the National Oceanic and 
Atmospheric Administration expressed his view that ensuring that scientists who understand the 
content help to conduct reviews of instructional materials is vital. 
 Other participants discussed what the panels should be reviewing and the type of 
evidence they should consider in evaluating them. Walls also suggested that “states should come 
together and collaborate with publishers to develop comprehensive OER NGSS aligned 
educative curriculum and associated systems for professional learning (e.g., professional 
development, coaching tools, 'look fors').” He noted that reviewers should look for evidence of 
student learning and change in teacher practices. Several other participants agreed. As one stated, 
“It’s not enough that we have a sophisticated system for pulling and identifying resources. We 
need to have as sophisticated a system for identifying if our hunches were correct and that will 
come from student evidence.” Districts or states could report results on a shared site to report 
effectiveness data for the curricula they adopt. Another participant added that evidence of 
effectiveness should be paired with information about teachers’ ability to use the materials or 
their fidelity of implementation to better understand what approaches could be used on a wider 
scale. Group 2 reporter, Brian Reiser, indicated that feedback from a review panel should help 
users to understand why and how materials are graded as they are. “A coalition of stakeholders 
should assign levels of certification for NGSS alignment after having evaluated these materials 
independently using PEEC, AIM, EQuIP [or another tool] and help build awareness among 
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consumers about the importance of this,” he suggested. Cindy Passmore reported that Group 3 
had a similar suggestion. 
 Other ideas focused on increasing the interconnection between supply, demand, and 
implementation. For example, Group 4 reporter Tiffany Neill and Group 9 reporter Matt 
Krehbiel stressed the importance of partnerships among researchers, teachers, and districts 
and/or state education networks. Neill stated, “to build smarter supply research practice 
partnerships should prototype and iterate open education resources (OERs) aligned to NGSS 
curriculum.” Krehbiel noted that greater levels of support are needed for the development of 
these partnerships.  He stated, “Contingent on increasing smarter demand, funders should 
support the development of partnerships with researchers and districts to develop and share 
curriculum, leading to an increase in smarter supply, and state/district leaders should build from 
partnerships to provide professional learning to diverse groups of stakeholders (e.g. instructional 
leaders, teachers, superintendents, parents), leading to an increase in smarter implementation.” 
He also expressed support for “getting away from this linear model that we have used 
historically of developing [materials] and then teaching folks how to use it.” Group 7 reporter 
Betsy Davis stated that “to build better supply and implementation, teachers in the classroom 
who themselves represent the diversity of students in our country need to be involved in 
curricular design (writ large) and need to be engaged in working to build capacity in the system 
(e.g., to demand and receive high-quality materials and to adapt the materials with integrity to 
the vision of the Framework) as a whole inside and outside the existing “educational 
community.’” Group 10 reporter Kenne Dibner also emphasized the interconnection between 
supply, demand, and implementation and focusing on coherence across K–12. She stated, “to 
build smarter demand and implementation, professional development providers should support 
teachers in productively adapting curriculum to maintain coherence as envisioned by the K–12 
Framework for Science Education.” Joseph Levine and Diane Briars agreed that high-stakes 
testing plays an important role in what teachers focus on in the classroom. According to Briars, 
materials should be accompanied by high-quality assessments, and then more could be done to 
encourage the inclusion of science in the evaluation of all standards. 

Many participants stressed the need for involving teachers in curriculum development. 
Krehbiel noted that including teachers streamlines the links between development and 
implementation and improves the quality of both. As noted above, Davis said that curriculum 
design should involve teachers who represent the diversity of students in the country. A teacher 
participant strongly agreed that including teachers in development and/or review will help ensure 
that factors that determine whether a teacher will use the materials are considered.  

Another participant said that involving a broad coalition of stakeholders in design, 
including science education experts, scientists, teachers, and individuals from the community, 
can improve demand for high-quality materials consistent with the NGSS. This involvement 
fosters a deeper understanding of the vision, purposes and approach to science education. 
Building understanding and demand is of equal importance to building supply, stated Reiser. 
Group 5 reporter Susan Gomez-Zweip stated, “to build smarter demand and implementation, a 
collaborative foundation will provide funding for a national network of regional centers that 
provide researched-based professional development and bring together, promote, and sustain 
interdisciplinary, multigrade, and three-dimensional instruction aligned with the Framework for 
K–12 Science Education and NGSS.”  Tiffany Neill stated, “to build better demand, state 
networks should be engaged in large-scale instructional materials development to ensure 
stakeholders in the system are included in the prototype and iteration processes.” 
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Other participants emphasized helping improve the understanding of the Framework and 
NGSS among those involved with selecting curricula. For example, Group 6 reporter Daniel 
Edelson explained that selection teams may need their own professional learning experiences 
about the Framework and instructional materials before they engage in reviews. “To build 
smarter demand via smarter decision makers, NSTA [National Science Teachers Association] 
and/or similar organizations should offer professional learning programs for members of review 
committees and states/districts should take responsibility for providing it for them,” he 
suggested.  Group 8 reporter Diane Briars focused more on the need to provide support to 
reviewers on the best approaches for selecting high-quality materials. She suggested that “to 
build smarter demand, [a well-respected organization] should create and broadly disseminate to 
decision-makers a set of policy guidelines around effective selection of science instructional 
materials,” including guidance about committee composition, needed preparation, and process. 
Briars also offered a caution about providing a forum for crowdsourcing reviews of materials 
from teachers or others. It can be difficult to discern the qualifications of those making reviews 
and to reconcile the accumulated reviews in ways that help potential adopters make informed 
choices, she said.  
 

FINAL DISCUSSION 
 

During the final open discussion of the day, several participants highlighted the needs of 
teachers. One participant indicated that teachers need more guidance about how to address equity 
in their classrooms, including building networks among teachers for sharing ideas. Cynthia 
Passmore expressed the need for a repository to share important design features in a concrete and 
digestible manner. Teachers could also benefit from having strong and weak examples of science 
instruction to accompany instructional materials, an approach used successfully in math 
education, suggested Briars. One teacher of geosciences expressed that their field is in particular 
need for instructional materials. 
 Participants also identified important considerations for developers of instructional 
materials. Levine noted that instructional materials should focus on conveying relevance and 
inspiring excitement about science. He said he has found that deep content expertise has been 
important for materials as well, and urged developers to attend to the content as well as the 
pedagogy. Reiser emphasized the importance of ensuring that materials, professional 
development, and supportive networks for science instruction are working together. In his view, 
partnerships to achieve this coordination because the varying expertise that different partners 
bring is needed. 
 Two participants expressed the need to gather more data to inform how teachers use 
instructional materials. One participant observed that workshop presentations had illustrated how 
much more needs to be known about how teachers are really using materials in the classroom. In 
addition, more needs to be known about how to build the capacity to collaborate for collective 
problem solving and innovation in teaching science, she said. Charles Anderson suggested that 
developers and researchers who make claims of being “evidence-based” should be based on 
observations of teachers and students using the materials in the classroom. “It is hard to get that 
evidence, but I think progress depends on our being able to collect that evidence and act on it and 
use it to revise our rubrics and our curriculum materials and our PD and our networks,” he said. 
 Judy Wurtzel explained that The Charles and Lynn Schusterman Family Foundation, a 
sponsor of the workshop, focuses on changing the life chances of young children, especially 
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students who come from low-income or diverse backgrounds. Ensuring that students have high-
quality instructional materials and teachers have strong professional learning is important to this 
broader goal. She lauded the strong research base that exists about science learning and 
instructional materials and the commitment to continual improvement.  

Wurtzel reflected that lessons from ELA and math can provide important lessons learned 
for science education. First, providing transparent information to stakeholders involved with 
curriculum adoption can help to shape the demand for high-quality materials. Second, providing 
feedback to developers about how to strengthen their materials over time can also be very useful. 
 Wurtzel noted the opportunities that OERs offer. OERs can be improved rapidly and by 
multiple people, she noted. “It allows a larger community to be working on important problems,” 
such as meeting the needs of students performing below grade level, she said. However, OERs 
lack a good business model, she said, and can have trouble navigating the state adoption process.  
 States have a renewed interest in identifying their leverage points for improving 
education for their students, and have benefitted from Louisiana’s example. Wurtzel said she 
would like to see more of a priority placed on science education. She also emphasized the need 
for participants to focus on continuous improvement rather than waiting for perfection. She 
noted, “If we try to make it perfect, we will not reach our goal of getting great materials into the 
hands of more teachers and in front of more students, particularly those who need them the 
most.” 
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Appendix A 
Agenda 

 
Instructional Materials for the Next Generation Science Standards: Design, 

Selection, and Implementation 
Room 100, Keck Building 

500 Fifth St NW 
Washington, DC 20001 

 

DAY 1: Tuesday, June 27th 
 
8:30 am Registration, Breakfast, and Coffee 
 

9:00 am Welcome and Introductions 
Michael Lach, Director, STEM Policy and Strategic Initiatives, University of 
Chicago  
Heidi Schweingruber, Director, Board on Science Education, National 
Academies of Sciences, Engineering, and Medicine 

 
9:15 am The Importance of Science Education 
 Rush Holt, CEO, AAAS 
 
9:45 am Existing Instruments to Guide Development and Selection of Instructional 

Materials: Overviews of EQuIP, PEEC, and Next Generation AIM 
 
Moderator: Susan Gomez-Zwiep, Professor, California State University, Long 
Beach 

 
Overview of EQuIP and PEEC 
Matthew Krehbiel, Associate Director, Science, Achieve, Inc. 
 
Overview of Next Generation AIM 
Kathy DiRanna, K-12 Alliance Director, WestEd 
 
Commentary 
Jo Ellen Roseman, Director of Project 2061, AAAS 

 
10:30 am Questions from the audience 
 
10:45 am Break 
 
11:00 am Beyond Content Alignment: What Additional Criteria Should Be Considered 

When Developing and Selecting Instructional Materials? 
Moderator: Daniel Edelson, Executive Director, BSCS 
Panelists: 
Elizabeth Davis, Professor, University of Michigan 
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Erin Furtak, Associate Professor, University of Colorado, Boulder (virtually) 
Okhee Lee, Professor, NYU Steinhardt 
Brian Reiser, Professor, Northwestern University 
 
Note: Short papers are available online as background to each panelist’s 
presentation. 
 

12:00 pm Questions from the audience 
 
12:15 pm Lunch 
 
1:15 pm Lessons from Mathematics about Developing, Selecting, and Implementing 

Instructional Materials 
Moderator: Diane Briars, Past President, National Council of Teachers of 
Mathematics 
Kathryn Chval, Dean, College of Education, University of Missouri 
William McCallum, Professor, University of Arizona 
Valerie Mills, Mathematics Education Consultant, Oakland Schools 

 
1:45 pm Questions from the audience 
 
2:00 pm What Is the Current State of Science Curriculum and Instruction in the 

USA?  
 
Patrick Sean Smith, President, Horizon Research, Inc. 

 
2:25 pm Questions from the audience 
 
2:40 pm Break 
 
2:55 pm  What Are Districts and States Doing? What Do They Need?  

Moderator: Tiffany Neill, Executive Director of Curriculum and Instruction, 
Oklahoma State Department of Education 
Panelists: 
Jill Cowart, Math and Science Instructional Team Lead, Louisiana Department of 
Education 
Jennifer Munger, Principal, Hartford Elementary School, West Central School 
District, South Dakota 
James Ryan, STEM Executive Director, San Francisco Unified School District  
Sam Shaw, Team Leader Division of Learning and Instruction, South Dakota 
Department of Education 
 

3:30 pm Questions from the audience 
 
3:45 pm Teachers’ Needs 

Moderator: Tiffany Neill, Oklahoma State Department of Education 
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Panelists: 
Monica Aguirre, Teacher, Lake Elementary, Oceanside, California 
Rabiah Harris, Science Teacher, Kelly Miller Middle School, District of 
Columbia  
Margo Murphy, Science Teacher, Camden Hills Regional High School, 
Rockport, Maine and Chair, National Academies’ Teacher Advisory Council  
 

 
4:05 pm Questions from the audience 

 
4:15 pm How Do We Get the Instructional Materials We Need: Models for 

Development 
Moderator: Brian Reiser, Northwestern University 
Panelists: 
Charles (Andy) Anderson, Professor, Michigan State University 
Philip Bell, Professor, University of Washington 
Eric Berson, Director of Teacher Happiness, Mystery Science 
Joseph Levine, Author, Pearson Education and Course Director, Organization for 
Tropical Studies 

 
5:15 pm Day 1 Summary and Looking Ahead to Day 2 
 
5:30 pm Adjourn 
 

DAY 2: Wednesday, June 28th 
 
8:30 am Breakfast and coffee available 
 
9:00 am  Welcome to Day 2 
 
9:10 am Adoption, Usage, and the Marketplace 

V. Darleen Opfer, Director, RAND Education, RAND Corporation 
Kathy Mickey, Senior Analyst/Managing Editor of the Education Group, Simba 
Information 
 

9:50 am Questions from the audience 
 
10:00 am How Do We Get the Instructional Materials We Need: Business Models  

Moderator: Michael Lach, University of Chicago 

Panelists: 

Bert Bower, CEO, Teachers’ Curriculum Institute 
Jay Diskey, Executive Director of the PreK-12 Learning Group, Association of 
American Publishers 
Jeff Livingston, President and CEO, EdSolutions 
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10:30 am Questions from the audience 
 
10:40 am Recommendations for the Field: How Do We Build Smarter Supply, 

Demand, and Implementation of Instructional Materials for the NGSS?  
Small group discussion  
 

11:45 am Share recommendations with the large group 
 

12:15 pm Lunch 
 
1:00 pm Instructional Materials and Teachers’ Professional Learning 

 
Moderator: Cynthia Passmore, Professor, University of California-Davis 
 
Panelists:  
Jennifer Horton, Science Teacher, Lincoln High School, Lincoln, California 
Barbara Nagle, Director, Science Education for Public Understanding Program, 
Lawrence Hall of Science, University of California-Berkeley 
Leon Walls, Associate Professor, University of Vermont 
 

1:30 pm Questions from the audience 
 
 
1:45 pm Instructional Materials and Building School and District Capacity 

 
Moderator: Elizabeth Davis, University of Michigan 
 
Panelists: 
Jill Cowart, Louisiana Department of Education 
Katherine McNeill, Associate Professor, Boston College 
William Penuel, Professor, University of Colorado-Boulder  
Lesa Rohrer, Secondary Science Curriculum Coordinator, Oklahoma City Public 
Schools  
Douglas Watkins, Science Curriculum Specialist, Denver Public Schools 

 
2:30 pm  Questions from the audience 
 
2:45 pm Break 
 
3:00 pm Instructional Materials and Equity 

 
Moderator: Leon Walls, University of Vermont 
 
Panelists: 
Lizette Burks, Science Program Consultant, Kansas State Department of 
Education 
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Eileen Parsons, Professor, University of North Carolina-Chapel Hill 
Alberto Rodriguez, Chair of Elementary Education and Professor, Purdue 
University 
 

3:45 pm Questions from the audience 
 
4:00 pm Reflections from the Audience 

 
4:30 pm Reflections from the Sponsors 
 James Short, Program Director for Teaching and Human Capital Management, 

Carnegie Corporation of New York 
 Judy Wurtzel, Director, Education, Schusterman Family Foundation 
 
4:50 pm Reflections from the Committee Chair 
 Michael Lach, University of Chicago 
 
5:00 pm Adjourn 
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Appendix B 
Biographical Sketches of Planning Committee Members and Presenters 

 
 
 
 
 

MONICA AGUIRRE (Presenter) is a K–5 resource teacher in the Vista Unified School District 
(VUSD) in San Diego, California. She has 20 years of experience working with K–4 students, 
instructional expertise in the Common Core State Standards (CCSS) and Next Generation 
Science Standards (NGSS), and building relationships with students through restorative 
practices. She has held various leadership positions, including founding faculty to design the 
practices of a new school, English Language Arts (ELA) and Math CCSS implementation lead 
and curriculum reviewer, and district leader on the VUSD Core Leadership Team for the 
California NGSS Early Implementation Initiative through K–12 Alliance/WestEd. She has a 
B.A. in political science and sociology, California Multiple Subject Teaching Credential and 
Administrative Services Credential, and M.A. in education administration and supervision. 
 
CHARLES W. (ANDY) ANDERSON (Presenter) is a professor in the Department of Teacher 
Education, Michigan State University. His current research focuses on the development of 
learning progressions leading to environmental science literacy for K–12 and college students. 
He has used conceptual change and sociocultural research on student learning to improve 
classroom science teaching and science teacher education, science curriculum, and science 
assessment. He is past president of the National Association for Research in Science Teaching 
and was co-editor of the Journal of Research in Science Teaching and associate editor of 
Cognition and Instruction. He served as a member of the National Assessment of Educational 
Progress (NAEP) Science Framework Planning Committee and the NAEP Science Standing 
Committee. He received his Ph.D. in science education from the University of Texas at Austin in 
1979. 
 
PHILIP BELL (Presenter) is a professor of learning sciences and human development and 
holds the Shauna C. Larson Chair in Learning Sciences at the College of Education at the 
University of Washington (UW). He is executive director of the UW Institute for Science & 
Math Education. He pursues a cognitive and cultural program of research across diverse 
environments centered on how people learn in ways that are personally consequential to them. 
He is co-principal investigator (PI) of the Research+Practice Collaboratory. His current work 
involves design-based research on novel learning experiences and resources that promote 
educational equity as well as broad-scale design-based implementation research conducted 
through collaborative partnerships of researchers and practitioners. He has a background in 
human cognition and development, science education, computer science, and electrical 
engineering. 
 
ERIC BERSON (Presenter) is the director of teacher happiness at Mystery Science, a K–5 
science curriculum start-up based in San Francisco. A former classroom teacher, he has 
researched how students develop scientific understanding and how teachers develop instructional 
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practices in science. He was a post-doctoral fellow at Stanford University and earned a Ph.D. in 
elementary science cognition at the University of California, Berkeley. 
 
BERT BOWER (Presenter) is CEO and president of Teachers’ Curriculum Institute (TCI), 
which trains and supports science and social studies teachers in a series of teaching strategies 
that allow students with diverse learning styles to experience learning. He taught social studies 
for 8 years at Mountain View High School in Mountain View, California, and authored several 
social studies textbooks for D.C. Heath and Company. He is also co-author of Bring Learning 
Alive! The TCI Approach for Middle and High School Social Studies and Social Studies Alive! 
Engaging Diverse Learners in the Elementary Classroom. He received a doctorate in social 
studies education from the Stanford University School of Education. 
 
DIANE J. BRIARS (Planning Committee Member) is a mathematics education consultant and 
immediate past president of the National Council of Teachers of Mathematics. She began her 
career as a secondary mathematics teacher. She was a senior developer/research associate on the 
Intensified Algebra Project funded by the National Science Foundation (NSF) and was 
mathematics director for Pittsburgh Public Schools. She is a past-president of the National 
Council of Supervisors of Mathematics and has served in leadership roles in other national 
organizations. She holds a Ph.D. in mathematics education and M.S. and B.S. in mathematics 
from Northwestern University and did postdoctoral study in the Psychology Department of 
Carnegie-Mellon University.  
 
LIZETTE BURKS (Presenter) is the state science supervisor for the Kansas State Department 
of Education. Previously, she directed K–12 science programs in a large school district in 
Kansas. She also served as a science teacher in Texas and Kansas at the high school and middle 
school levels for 8 years. She serves on the boards of directors for the Kansas Association for 
Conservation and Environmental Education and the Kansas Association for Teachers of Science. 
She also serves on the communications committee of the Council of State Science Supervisors. 
She was recently selected as a Research+Practice Fellow by the Research+Practice 
Collaboratory. She earned a B.S. in biology from Texas Tech University, M.Ed. in teaching from 
Emporia State University, and Ed.D. in curriculum and instruction from the University of 
Kansas. 
 
KATHRYN B. CHVAL (Presenter) is the Joanne H. Hook Dean’s Chair in Educational 
Renewal, dean of the College of Education, and professor of mathematics education at the 
University of Missouri. Prior to joining the university, she was the acting section head for the 
Teacher Professional Continuum Program in the NSF Division of Elementary, Secondary and 
Informal Science. She worked at the University of Illinois at Chicago as the co-director on 
mathematics curriculum development projects and systemic change projects funded by NSF, 
after leaving her position as a 3rd-grade teacher. Her research focuses on effective preparation 
models and support structures for teachers, effective elementary mathematics teaching for 
English learners, and curriculum standards and policies. She earned her Ph.D. at the University 
of Illinois at Chicago. 
 
JILL COWART (Presenter) is the director of math and science content in the Louisiana 
Department of Education. As a teacher, school administrator, and now state-level leader, she has 
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spent her career working with Louisiana students and educators. In her current role, she is 
working on projects such as implementing a pre-engineering pathway for high school students, 
partnering with local and national organizations to develop and implement quality curriculum in 
math and science, and building out standards and curriculum-aligned remediation tools to help 
teachers help struggling students. She earned a B.A. in education from Southeastern Louisiana 
University and M.A. in curriculum and instruction from Louisiana State University. 
 
ELIZABETH A. (BETSY) DAVIS (Planning Committee Member) is a science educator and 
teacher educator at the University of Michigan. She is especially interested in beginning and 
experienced elementary teachers, teachers learning to engage in ambitious science teaching, and 
the roles of curriculum materials and teacher education in promoting teacher learning. She 
received the Presidential Early Career Award for Scientists and Engineers at the White House 
and the Jan Hawkins Early Career Award. She has published in journals such as Science 
Education, Journal of Research in Science Teaching, Teaching and Teacher Education, 
Curriculum Inquiry, and Educational Researcher. She received her doctorate from the 
University of California at Berkeley.  
 
KATHY DIRANNA (Presenter) is the statewide director of WestEd’s K–12 Alliance.  She is 
the director of the California NGSS K-8 Early Implementation Initiative and has served as a 
principal investigator (PI) or project director for several NSF-funded projects. She helped shape 
California’s science reform efforts for the past 30 years and continues to serve on state 
committees for the implementation of NGSS and through the California Mathematics and 
Science Partnership Program. Nationally, she has served as the mentor coordinator for the 
National Academy of Science and Mathematics Education, co-developed professional 
development design, and provided technical assistance. She serves on a variety of advisory 
boards, has been a consultant on instructional materials and multimedia productions, and has 
been a featured speaker and program coordinator at state and national conferences. She is the co-
author of several publications, including Assessment-Centered Teaching: A Reflective Practice 
and A Data Coaches Field Guide: Unleashing the Power of Collaborative Inquiry.  
 
JAY DISKEY (Presenter) is executive director of the PreK-12 Learning Group of the 
Association of American Publishers (AAP). In this role, he directs the group’s advocacy, public 
policy development, and operations. He has worked in government relations and education 
policy for nearly three decades. Prior to joining AAP, he headed Diskey & Associates, a public 
affairs consultancy specializing in education. He served as communications director for the U.S. 
House of Representatives’ Committee on Education and the Workforce, and as vice president of 
the education practice at Hager Sharp Inc., a Washington-based public relations firm.  In the 
early 1990s, he was special assistant to U.S. Secretary of Education Lamar Alexander. He 
recently served as chair of the International Publishers Association’s education committee.  
 
DANIEL EDELSON (Planning Committee Member) is the executive director of Biological 
Sciences Curriculum Study (BSCS). He has experience as a curriculum and educational software 
developer, educational researcher, and advocate for science and social studies education. Prior to 
his work at BSCS, he served as vice president for education at the National Geographic Society, 
executive director of the National Geographic Education Foundation, and professor at 
Northwestern University, where he had a joint appointment in education and computer science. 
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He is the lead author of a high school environmental science course, Investigations in 
Environmental Science: A Case-Based Approach to the Study of Environmental Systems, and an 
author of units in two comprehensive middle school science programs. He has written 
extensively on the importance of geoscience, geography, and environmental science education, 
and has published papers on motivation, instructional design, educational technology and teacher 
professional development. He received a Ph.D. in computer science from Northwestern 
University. 
 
ERIN MARIE FURTAK (Presenter) is associate professor and program area chair of science 
education at the University of Colorado Boulder, as well as the chair of the CU Teach Secondary 
Science, Engineering, and Mathematics Teacher Education Program. Previously, she was a 
public high school science teacher. Her current research focuses on how to support secondary 
science teachers in improving their everyday formative assessment practices. She was PI for an 
NSF CAREER grant to investigate how a long-term professional development program centered 
on a learning progression for natural selection supported high school teachers in iteratively 
designing, enacting, and revising formative assessments. She is involved in professional 
development partnerships with school districts and organizations in Colorado and across the 
country. She earned a bachelor’s degree in environmental, population, and organismic biology 
from the University of Colorado Boulder, master’s degree in education from the University of 
Denver, and doctorate in curriculum and teacher education from Stanford University. 
 
SUSAN GOMEZ-ZWIEP (Planning Committee Member) is a professor of science education at 
California State University, Long Beach. Her research areas include science education, language 
development, and teacher education. Her current research focuses on using inquiry science as a 
context for secondary language development and the integration of science with CCSS ELA and 
math. She was a member of the California Curriculum Framework Committee for the NGSS and 
is a leader for the California NGSS Early Implementation Initiative, through K–12 
Alliance/WestEd. She also serves as a regional director for the K–12 Alliance/WestEd. She 
received a B.A. in biology from the University of California, Berkeley and Ph.D. in science 
education from the University of Southern California.   
 
RABIAH HARRIS (Presenter) is a science and STEM elective teacher at Kelly Miller Middle 
School in Washington, DC, and for 4 years, served as the science department chair. She will 
teach at Dunbar High School in Washington, DC, in the coming year. She has taught in public 
and public charter schools over the last 12 years in Washington, DC, and New Orleans, 
Louisiana. She has worked on projects with the Washington, DC, central office, supporting 
teacher professional development and realignment of science teaching in the district to NGSS. 
She is a graduate of Howard University and University of Pittsburgh. Currently, she is studying 
to receive a doctorate in STEM education focusing on equity with minority K-12 students in 
STEM classes. 
 
RUSH D. HOLT (Presenter) is the chief executive officer of the American Association for the 
Advancement of Science and executive publisher of the Science family of journals. Before 
joining AAAS, he served for 16 years as a member of the U.S. House of Representatives, 
representing New Jersey’s 12th Congressional District. In Congress, he served as a senior 
member of the Committee on Natural Resources and the Committee on Education and the 
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Workforce. He was assistant director of the Princeton Plasma Physics Laboratory (PPPL), where 
he helped establish the lab’s science education program. Earlier, he served on the faculty of 
Swarthmore College, where he taught courses in physics and public policy. He is a graduate of 
Carleton College, and he holds M.A. and Ph.D. degrees in physics from New York University.  
 
JENNIFER HORTON (Presenter) is the STEM / CTE instructional coach for K–12 teachers in 
Lincoln, California. To prepare her for this position, she taught high school biology for 11 years 
and worked with the University of California Davis School of Education to help develop NGSS, 
model-based biology lessons. Science education and its relevance has always been important to 
her, from her work with salmon in Alaska, to sailing for 4 years in the South Pacific, to currently 
working on her farm in Loomis, California. 
 
MATTHEW KREHBIEL (Presenter) joined Achieve, Inc., in October 2015 as associate 
director, science. His work focuses on science instructional materials and supporting 
implementation of the NGSS. He previously served as the state science supervisor in the Kansas 
State Department of Education. He also coordinated the state-wide effort to use the 
implementation of the standards to advance science education for all students. He served on the 
board and later as president of the Council of State Science Supervisors. He began his career as a 
high school science teacher in Kansas. He earned a B.A. in biology and natural sciences and 
secondary teacher certification in general science, biology, and physics from Bethel College. He 
has an M.S. in curriculum and instruction with a focus in science education from Kansas State 
University. 
 
OKHEE LEE (Presenter) is a professor in the Steinhardt School of Culture, Education, and 
Human Development at New York University. Her research areas include science education, 
language and culture, and teacher education. She is currently leading collaborative research 
between New York University and Stanford University to develop instructional materials aligned 
with the NGSS in order to support science learning and language development of elementary 
students including English learners. She was a member of the NGSS writing team and served as 
leader for the NGSS Diversity and Equity Team. She was also a member of the steering 
committee for the Understanding Language Initiative at Stanford University. She received her 
Ph.D. in educational psychology from Michigan State University. 
 
JOSEPH LEVINE (Presenter) is co-creator and instructor of the course Inquiry in Rain Forests, 
an NGSS-aligned, field-based, graduate-level professional development (PD) course, through the 
Organization for Tropical Studies. He is co-author of Biology, has led PD workshops in the 
United States and globally, and served as Outstanding Educator in Residence for Singapore’s 
Ministry of Education. He is currently working with a team at the University of California 
Berkeley Museum of Paleontology to develop a framework for teaching about global change. 
Following a fellowship in science broadcast journalism at WGBH-TV, he produced science 
features for National Public Radio and served as science editor for NOVA co-productions and 
for the series The Secret of Life and Evolution. He earned a B.S. from Tufts University, master’s 
from the Boston University Marine Program, and Ph.D. from Harvard University.  
 
MICHAEL LACH (Planning Committee Chair) is the director of STEM Education and 
Strategic Initiatives at the Center for Elementary Mathematics and Science Education and the 
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Urban Education Institute of the University of Chicago. Previously, he was appointed by U.S. 
Department of Education Secretary Arne Duncan to lead science and mathematics education 
efforts at the department. He began his career teaching high school biology and general science 
in New Orleans as a charter member of Teach for America. After 3 years in Louisiana, he joined 
the national office of Teach for America as director of program design. Returning to the science 
classroom in New York City Public Schools and then Chicago, he was named one of Radio 
Shack’s Top 100 Technology Teachers, earned National Board Certification, and was named 
Illinois Physics Teacher of the Year. As an administrator with the Chicago Public Schools, he led 
instructional improvement efforts in science and mathematics. He earned a bachelor’s degree in 
physics from Carleton College, master’s degrees from Columbia University and Northeastern 
Illinois University, and a doctorate from the University of Illinois at Chicago. 
 
JEFF LIVINGSTON (Presenter) is president and CEO of EdSolutions, Inc. He spent more than 
a decade as a senior executive at McGraw-Hill Education, most recently as senior vice president 
of education policy and strategic alliances. He also held management responsibility for 
Intervention, Career and Technical Education, Supplemental Publishing, Advanced Placement, 
Adult Basic Education, Workforce Training, Fine Arts, and College Readiness. Before joining 
McGraw-Hill Education, he was an entrepreneur with specialties in instructional technology and 
marketing to urban school systems. As co-founder of Achieva.com, he helped to build online test 
prep and college prep programs for U.S. high schools. During a sabbatical focused on finding 
creative solutions to educational problems, he visited universities in Brazil, after-school 
programs in Colombia and South Africa, and other locations. He then formed EdSolutions, Inc. 
He holds a baccalaureate degree in government from Harvard University.  
 
WILLIAM G. MCCALLUM (Presenter) is a University Distinguished Professor of 
Mathematics at the University of Arizona. In 1989 he joined the Harvard Calculus Consortium 
and is the lead author of the consortium’s multivariable calculus and college algebra texts. He 
spent a year at the Institut des Hautes Etudes Scientifiques and a year at the Institute for 
Advanced Study on a Centennial Fellowship from the American Mathematical Society. In 2006, 
he founded the Institute for Mathematics and Education at the University of Arizona and is 
currently its director. He was one of the lead writers for the CCSS in mathematics. He received 
his Ph.D. in mathematics from Harvard University in 1984. 
 
KATHERINE L. MCNEILL (Presenter) is an associate professor of science education at 
Boston College. A former middle school science teacher, her research focuses on how to support 
students with diverse backgrounds in engaging in science practices, with a particular focus on 
explanation and argumentation. Currently, she is working with colleagues at the Lawrence Hall 
of Science to design a digital middle school science curriculum. She has published the findings 
from her work in venues for educational researchers and practitioners. In 2011, she received the 
Early Career Research Award from the National Association for Research in Science Teaching 
(NARST). She has also conducted workshops at the annual meetings of the National Science 
Teachers Association and in school districts. She received her doctorate in science education 
from the University of Michigan. 
 
KATHY MICKEY (Presenter) is managing editor/senior analyst of the Education Group at 
Simba Information, where she leads research on the PreK–12 and college education markets. She 
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writes the bi-weekly newsletter Educational Marketer and works on a number of annual market 
forecast reports. She joined Simba in 2000 after many years as a reporter and editor at weekly 
and daily newspapers, where her focus was education. 
 
VALERIE L. MILLS (Presenter) is a mathematics education consultant for Oakland Schools 
and past-president of the National Council of Supervisors of Mathematics. During her more than 
35 years in education, she has taught high school mathematics, served as mathematics 
department chair, K–12 mathematics coordinator, and director of curriculum for the Ypsilanti 
and Ann Arbor public school districts in Michigan.  In addition, she was PI on five Mathematics 
and Science Partnership grants working with high-needs districts, a teacher-author on the Core 
Plus Mathematics Project, and an advisor for the Connected Mathematics Project.  
 
JENNIFER MUNGER (Presenter) is the principal at Hartford Elementary and K–12 
curriculum director in the West Central School District in South Dakota. She has roughly 10 
years of teaching experience in special education and general education classrooms. During this 
time, the West Central School District embarked on the path of creating its own science 
curriculum to meet district needs and the needs of the learners, including resources to move to a 
more personalized learning environment for students. She completed her undergraduate work at 
Dakota State University and received an M.A. in education leadership from South Dakota State 
University. She is currently pursuing a doctorate degree at the University of South Dakota. 
 
MARGO MURPHY (Presenter) is a teacher at Camden Hills Regional High School (CHRHS) 
in Rockport, Maine. She currently teaches global science, AP environmental science and an 
elective course, Sustainable Agriculture. Prior to coming to CHRHS, she taught science for 22 
years at Georges Valley High School. In 2003, she became a national board-certified teacher in 
earth science and was recertified in 2013. She is serving as a 2017 STEM Teacher Ambassador 
for the National Science Teachers Association and also serves on the board of the Maine 
Mathematics and Science Alliance. She received a B.S. in forest management and M.Ed. in 
secondary science education in 1992, both from the University of Maine, Orono. She is currently 
working on an advanced degree in educational leadership. 
 
BARBARA NAGLE (Presenter) is director of the Lawrence Hall of Science’s Science 
Education for Public Understanding Program (SEPUP). She is a former research biologist and 
high school chemistry teacher. She has more than 20 years of experience leading large science 
instructional materials development projects and conducting professional development for 
middle and high school science teachers. With the SEPUP staff, she has developed a 
comprehensive issue-oriented middle school program and two high school courses. She is 
currently collaborating with the American Museum of Natural History and the University of 
Connecticut on Moving Next Generation Science Standards into Practice: A Middle School 
Ecology Unit and Teacher Professional Development Model, funded by NSF. She has a Ph.D. in 
cell biology from the University of Pennsylvania. 
 
TIFFANY NEILL (Planning Committee Member) serves as the executive director of 
curriculum and instruction and the director of science and engineering education at the 
Oklahoma State Department of Education. She works to support districts and educators in 
aligning their curriculum and instruction to the Framework for K–12 Science Education and 
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NGSS three-dimensional standards. She is also the president of the Council of State Science 
Supervisors and the co-PI for the NSF project ACESSE, working with 13 states to promote 
equity and coherence in state science education systems. She is completing a Ph.D. in science 
curriculum and instruction at the University of Oklahoma. 
 
V. DARLEEN OPFER (Presenter) is the director of RAND Education and holds the 
Distinguished Chair in Education Policy. Prior to this role, she was director of research and 
senior lecturer in research methods and school improvement at the University of Cambridge’s 
(England) Faculty of Education. Her research uses large-scale surveys and other methods to 
understand the conditions that impact outcomes for teachers and students. She currently leads the 
TALIS Video Study. With Brian Stecher, she launched RAND’s American Teacher Panel and 
American School Leader Panel in 2014. She has served as a research advisor to the Institute for 
Social Science in Croatia, an advisor to the National Council for Education Research and 
Training, India, and a consultant for the U.S. Agency for International Development. She holds a 
B.A. from Stetson University and Ph.D. in education policy studies from the University of 
Virginia.  
 
EILEEN PARSONS (Presenter) is a professor of science education in the School of Education 
at the University of North Carolina at Chapel Hill. Her research investigates the cultural and 
racial responsiveness of practices with respect to African American students in K–12 learning 
environments, with a focus on middle school. Additionally, she studies cultural and racial 
inclusiveness for traditionally underrepresented students of color in undergraduate STEM. She 
has published widely and has been an associate editor for the Journal of Research in Science 
Teaching and a co-editor of Science Education. She serves on the board of directors for the 
National Association for Research in Science Teaching. She taught high school science and 
math; instructed methods courses; coached lateral-entry teachers; and facilitated professional 
development of practicing science teachers. She earned a bachelor’s degree in science teaching 
(chemistry) from the University of North Carolina at Chapel Hill and master’s and doctorate 
degrees in science education from Cornell University. 
 
CYNTHIA PASSMORE (Planning Committee Member) is a professor specializing in science 
education in the School of Education at the University of California, Davis. A former high 
school science teacher, her areas of expertise include models and modeling in student learning, 
curriculum design, and teacher professional development. As part of the Sacramento Area 
Science Project (SASP), she has focused on investigating model-based reasoning in a range of 
contexts and is particularly interested in understanding how the design of learning environments 
interacts with students’ reasoning practices. She earned her Ph.D.in curriculum and instruction 
from the University of Wisconsin. 
 
WILLIAM R. PENUEL (Presenter) is a professor of learning sciences and human development 
in the School of Education at the University of Colorado Boulder. His current research examines 
conditions needed to implement rigorous, responsive, and equitable teaching practices in STEM 
education. With colleagues from across the country, he is developing and testing new models for 
supporting implementation of innovations in science education through long-term partnerships 
between educators and researchers. As a co-PI of the Research+Practice Collaboratory, he is 
developing resources to help people build and sustain research-practice partnerships. Penuel is 
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also PI for the National Center for Research in Policy and Practice. He is one of the developers 
of an approach to improvement research called Design-Based Implementation Research. 
 
BRIAN J. REISER (Planning Committee Member) is professor of learning sciences at 
Northwestern University. His research examines how to make the scientific practices of 
argumentation, explanation, and modeling meaningful and effective for classroom teachers and 
students. His Next Generation Storylines investigates how to help K–12 teachers work in 
partnership with students to design and manage the trajectory of science investigations. He 
served on the National Research Council committees authoring A Framework for K–12 Science 
Education, Developing Assessments for the Next Generation Science Standards, and Guide to 
Implementing the Next Generation Science Standards. He is currently collaborating with several 
state initiatives to design and provide professional development and curriculum materials for K–
12 teachers to support them in realizing the reforms in NGSS in their classrooms. He earned his 
Ph.D. in cognitive science from Yale University. 
 
ALBERTO J. RODRIGUEZ (Presenter) is the Mary Endres Chair in Elementary Education 
and professor of cross-cultural science education in the Department of Curriculum and 
Instruction at Purdue University. His research focuses on the use of sociotransformative 
constructivism as a theoretical framework that merges critical crosscultural education tenets with 
social constructivism. He is the PI of the 20/20 Vision for Transdisciplinary Cross-Cultural 
STEM Project. His work has been published in various journals, and he has edited or co-edited 
four research-based books. He recently received the Innovations in Research on Diversity in 
Teacher Education Award from the American Educational Research Association, Division K 
(Teaching and Teacher Education).  
 
LESA L. ROHRER (Presenter) serves as the director of curriculum, instruction, and 
assessment, and is the secondary science coordinator for Oklahoma City Public Schools. Prior to 
this, she served as the career and technical education (CTE) specialist and Indian Education 
Grant Director for the Northwest Arctic School Borough District in Alaska. Her teaching career 
spans grades 7–12 as a classroom teacher and adult learners as a PD provider and adjunct 
professor. She has authored and published instructional trade books for levels that range from 
grade 3 to high school. Currently, she is working with Brett Moulding and multiple states to 
build out a repository of lessons to support teachers in shifting their instruction as directed by the 
K–12 Framework. She received a bachelor’s degree in elementary education with a minor in 
science from the University of Central Oklahoma and a master’s degree in educational leadership 
from the University of Alaska Southeast. 
 
JO ELLEN ROSEMAN (Presenter) is director of Project 2061, a long-term science education 
initiative of the American Association for the Advancement of Science. She is responsible for 
overseeing the project’s programs and activities in the areas of curriculum, instruction, 
assessment, and outreach. She participated in the development of Benchmarks for Science 
Literacy. Additionally, she directed the development of Resources for Science Literacy: 
Professional Development and led Project 2061’s evaluations of widely used middle and high 
school science textbooks. She also served as director of the Center for Curriculum Materials in 
Science. Prior to joining Project 2061, she was involved in scientific research and teaching at 
Johns Hopkins University. She has served on the board of directors for the BSCS. She also has 
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taught biology and chemistry in Massachusetts, Michigan, and Virginia. She received degrees 
from the University of Michigan, Michigan State University, and Johns Hopkins University. 
 
JAMES RYAN (Presenter) is the San Francisco Unified School District STEM executive 
director. He has worked in a variety of capacities to improve STEM education for all students. 
He was a high school mathematics teacher and site administrator for 9 years. He worked as an 
analyst, programmer, and team lead for PowerSchool, a division of Apple Computers, and in 
several leadership roles at Key Curriculum Press. In his work at Key, he was vice president of 
professional development and marketing teams and led the creation of a new division focused on 
supporting the implementation of the Common Core State Standards for Mathematics (CCSS-
M). Prior to his current role, he managed a CCSS-M Project at the San Francisco School 
Alliance. 
 
SAM SHAW (Presenter) has served as the South Dakota science education director since 2010. 
His other roles include consulting on state and national grants, managing South Dakota Virtual 
Schools, Advanced Placement, remediation programs, standards development, and statewide 
professional development. He has consulted for and developed initiatives involving teacher 
trainings to build instructional capacity. He led South Dakota’s NGSS work as a lead state, 
coordinated a South Dakota workgroup to create science standards based on the Framework, and 
is currently staging and implementing long-term plans for professional development in science 
for South Dakota teachers. He is treasurer for the Council of State Science Supervisors, where he 
acts as board liaison for the Committee on Professional Learning and co-PI on an NSF Core 
Research Grant titled Advancing Coherent and Equitable Systems of Science Education.  
 
JAMES SHORT (Presenter) is the program director for leadership and teaching to advance 
learning at the Carnegie Corporation of New York. His work in philanthropy focuses on 
supporting the preparation and development of teachers and leaders as well as the development 
and use of high quality instructional materials and tools for the implementation of new standards. 
Prior to Carnegie Corporation, he was the founding director of the Gottesman Center for Science 
Teaching and Learning at the American Museum of Natural History in New York City. His 
experience in education also includes a teacher of secondary science and graduate courses in 
science education, director of the National Academy for Curriculum Leadership at BSCS, and 
district science coordinator for Denver Public Schools. In recent years, his work has focused on 
developing tools and models for professional learning to help teachers translate the NGSS into 
classroom instruction and assessment. 
 
PATRICK SEAN SMITH (Presenter) is president of Horizon Research, Inc. (HRI), Prior to 
joining HRI in 1991, he taught high school chemistry and physics. In addition, he was a member 
of the Education Studies Department at Berea College. He worked extensively on materials 
development for Project Earth Science. He also worked on the evaluation of the NSF-funded 
Statewide Systemic Initiative for North and South Carolina and on other projects. He is currently 
the PI for the NSF-funded Knowledge Assets to Support the Science Instruction of Elementary 
Teachers project. He received a bachelor’s degree in chemistry, master’s degree in science 
teaching, and Ph.D. in curriculum and instruction from the University of North Carolina at 
Chapel Hill. 
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LEON WALLS (Planning Committee Member) is an associate professor of elementary science 
education at the University of Vermont. He has 14 years of experience as an electrical engineer 
and 9 years as a middle school science teacher in the Milwaukee Public Schools district. His 
current research interests include multicultural science education, education for sustainable 
development, and the nature of science. His particular interest is in investigating how formalized 
school settings impact student comprehension in these areas relative to very young children, 
especially children of color. He has also authored articles and book chapters on equity and 
science education. He has a B.S. in electrical engineering from St. Mary’s University-Texas, 
M.A. in educational policy and leadership from Marquette University, and Ph.D. in 
geoenvironmental science education from Purdue University. 
 
DOUGLAS WATKINS (Presenter) serves elementary and high school science teachers, 
administrators, and students in the Denver Public School District. He spent 10 years in the 
classroom, educating students from grades 5 to 12 in the sciences. It was through observing his 
father and uncle (58 years teaching science combined) and a professor at Washington State 
University that he learned how science education could look. He models his own educational 
philosophy around their approaches, and has worked with a group of researchers at the 
University of Colorado Boulder to create a curriculum in line with that philosophy. He received a 
bachelor’s degree in wildlife sciences from Washington State University. 
 
JUDY WURTZEL (Presenter) supports the Charles and Lynn Schusterman Family 
Foundation’s efforts to improve K-12 education across the U.S., with a focus on instructional 
materials, professional learning and parent resources. Prior to joining the Schusterman 
Foundation, Wurtzel was a senior advisor to the Noyce Foundation supporting grant making in 
human capital in education and other areas.  Previously, she served in the U.S. Department of 
Education as a deputy assistant secretary in the Office of Planning, Evaluation and Policy 
Development and as founding director for technical assistance and policy in the department’s 
Implementation Support Unit.  Previously she also was a senior advisor to the deputy secretary 
of education. She was co-director of the Aspen Institute Program on Education and Society. She 
has authored or co-authored numerous reports and studies on education improvement and co-
edited Teaching Talent: A Visionary Framework for Human Capital in Education.  She attended 
Yale College and earned a law degree from New York University Law School. 
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Appendix C 
 

Possible Action Items from Small Groups 
 

 

Group Possible Action 1 Possible Action 2 

1 
 

Leon Walls (facilitator) 
Monica Aguirre 
Bruce Wellman 
Andy Anderson 
Eileen Parsons 
Eric Berson 
Elizabeth Foster 
Darleen Opfer 
Shelley Rouser 
Judy Wurtzel 
Kim Bjorgo-Thorne 
Sean Smith 
Janice Anderson 
Sivan Arunachalam 
Gary Sircus 
Aida Awad 
Valerie Mills 

 

An independent review organization such as 
EdReports, using expert and well-trained 
educators from states, should review publisher 
and OER materials and share results.    
 

Review would need to go beyond content and 
look at: 
--other elements of alignment (e.g., cross-
cutting practices) 
--evidence of student learning and teacher 
practice change as it emerges  
 

Review should consider strategies for reviewing 
sub-full course materials (units, modules).   

States should come together and collaborate with 
publishers to develop comprehensive OER NGSS-
aligned educative curriculum and associated systems for 
professional learning (e.g., PD, coaching tools, “look 
fors”). 
 

It should be based on high-quality criteria for curriculum 
(e.g., EQuIP and PEEC) as well as for PD, and include 
structured educator input, and piloting and evidence 
gathering to inform a continuous improvement model 
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Group Possible Action 1 Possible Action 2 

2 
 

Brian Reiser (facilitator) 
Justine Boeker 
Marjorie Nussbam 
Phillip Bell 
Jerome Shaw 
Lauren Chapalee 
Jacob Foster 
Pam Pelletier 
Beth Ruedi 
Bert Bower 
David Campbell 
Blair Blackwell 
Pam Goodner 
Cassie Soeffing 
Haidee Williams 
Mirel Herrera 

 

To build smarter supply:  
Developers should provide explicit 
informational guidelines about which 
instructional model (e.g., PBL, 5Es, place-
based, etc.) their materials are using; and  
evidence about how their materials fare under 
Next Gen tools. 
  
A coalition of stakeholders (e.g., Achieve, 
AAAS, other nonprofits) should assign levels of 
certification (similar to LEED certification) for 
NGSS alignment after having evaluated these 
materials independently using PEEC, AIM, 
EQuIP etc. and help build awareness among 
consumers about the importance of this issue. 

To build smarter supply:                                                      
Curriculum authors should design materials that support 
teachers to engage in principled adaptation of quality 
materials to meet the needs of all students. Strong 
educational research supports principled adaptation of 
high-quality materials for local context as best practice.  
 
To do this well, curriculum authors need to ensure 
design capacity within their team to support 
differentiation of their instruction materials in ways that 
support the learning of nondominant students (i.e., from 
underresourced communities, underrepresented in 
STEM, youth of color, ELs, etc.). This could include 
supports and educative resources for culturally relevant 
instruction (e.g., cultural formative assessment), 
language supports, support for identifying local 
phenomena and community connections, teacher 
supports for deep listening to student’s ideas and sense-
making, etc.  
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Cindy Passmore (facilitator) 
Rabiah Harris 
Adam Blankenbicker 
Manbir Sodhi 
Kathleen Comfort 
Prem Ghalley 
James Ryan 
Sandy Boyd 
Kirsten Fearnley 

To build smarter supply:                                        
Districts need to demand a clear vetting system 
(EdReports type using EQuIP) that results in 
stamps of approval at Program & Unit level. 
(but we don’t know who does it, how it is 
funded, if publishers can do it themselves and 
submit) 
Need to educate the marketplace to know to 
demand it. Needs to interact with suggestions 
on how to string together 

We need better guidance about scope and sequence both 
within and across years. 
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Group Possible Action 1 Possible Action 2 

Tara Chudoba 
Christine Herald 
Peg Steffan 
Tara McGill 
Daniel Alcazar-Roman 
Michael Fundator 
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Tiffany Neill (facilitator) 
Wanda Hathaway 
Kathryn Chval 
Zhenqi Sun 
Patti Curtis 
Mekuria Girma 
Jim Short 
Robert Hilborn 
Joseph Hardcastle 
Jill Cowart 
Carolyn Landel 
Jeanne Sullivan 
Lauren Morse 
Channa Comer 
Nick Baker 
Doug Hodum 
 

To build smarter supply:                                        
Research practice partnerships should prototype 
and iterate open education resources (OERs) 
aligned to NGSS curriculum.  

To build smarter implementation:                                        
Developers should produce materials that have seamless 
integration of professional learning and assessment 
within instructional materials. 
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Susan Gomez-Zwiep 
(facilitator) 
Delene Hoffner 
Evelina Felicite-Maurice 
Bruce Moravchik 
Rev. Keith Davis 
Joseph Levine 
Margaret Strohecker 
Kenneth Huff 
Theresa Schwerin 
Cari Herrmann Abell 
Kathy Mickey 
Rebecca Vieyra 
Michael Novak 
Jack Hehn 
Cory Epler 
Jess Rowell 

 

To build smarter demand and implementation:     
A collaborative foundation will provide funding 
for a national network of regional centers that 
provide research-based professional 
development and bring together, promote and 
sustain, interdisciplinary, multigrade, and three-
dimensional instruction aligned with the 
Framework for K-12 Science Education and 
NGSS. 

To build smarter implementation:                                        
Curriculum developers should develop materials that 
allow space for teacher expertise including flexible 
material, dedicated space for online learning 
communities and vetted online resources. 
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Daniel Edelson (facilitator) 
Jennifer Horton 
Maya Garcia 
George DeBoer 
Amy Gensemer 
Julio Lopez-Ferrao 
Eddie Tabata 
Pat Johnson 
Rachel Leifer 
Susan Codere 

To build smarter demand via smarter decision 
makers: 
NSTA and/or similar organizations should offer 
professional learning programs for members of 
review committees. 
States/districts should take responsibility for 
providing it for them.   

To support smarter implementation:                                    
Districts should engage in continuous improvement 
processes, including co-design/adaptation, outcome 
monitoring, PLCs, research. 
Materials developers should provide support with 
materials for these continuous improvement processes.  

D
esign, S

election, and Im
plem

entation of Instructional M
aterials for the N

ext G
eneration S

cience S
tandards (N

G
S

S
): P

roceedings of a W
orkshop

C
opyright N

ational A
cadem

y of S
ciences. A

ll rights reserved.

http://www.nap.edu/25001


Prepublication copy, uncorrected proofs 
 

App C-5 
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Taunya Nesin 
Vanessa Wolbrink 
Lesa Rohrer 
Kayla Heimann 
Michelle Kutch 
Julie Olson 
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Betsy Davis (facilitator) 
Elizabeth Huezo Rubio 
Okhee Lee 
William Penuel 
Kathy DiRanna 
Dan Mullaney 
Jodi Peterson 
Terri Taylor 
Jeff Livingston 
Jason Morris 
Frank Niepold 
Matt Ellinger 
Sam Shaw 
Sharon Sikora 
Aimee Park 
Marc Siciliano 

 

To build better supply and implementation:          
Teachers in the classroom who themselves 
represent the diversity of students in the country 
need to be involved in curricular design (writ 
large) and need to be engaged in working to 
build capacity in the system (e.g., to demand 
and receive high-quality materials and to adapt 
the materials with integrity to the vision of the 
Framework) as a whole inside and outside the 
existing “educational community.”  

To build better demand:                                                       
Science-related affiliate groups should create an online 
rating system that is based on an evidence-based criteria 
system that could include sample student work, teacher 
perceptions of utility and feasibility, examples of 
transcripts of classroom discussions, etc. 
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Diane Briars (facilitator) 
Cristina Wage 
Anne Moore 
William McCallum 
Jay Diskey 
Jennifer Munger 
Kiran Purohit 
Cheryl Thompson 
Jean Moon 
Ann Rivet 
Susan Poland 
Teresa Eliopoulos 
Niki Snyder 
Erma Anderson 
Amy Reese 
Kathleen Traphagen 
Mary Elaine Vaughan 

 

To build smarter demand:                                      
NSTA or BOSE or Achieve (or a committee) 
should create and broadly disseminate to 
decision-makers a set of policy guidelines 
around effective selection of science 
instructional materials. 
 
Policy document to provide guidance at 
multiple levels: district, state, school 
Crosswalk of AIM-NGSS, EQuIP, PEEC, and 
others 
Appendix with case studies around selection 
needs to be in the hand of decision-makers, not 
just science people! 

To build smarter supply:                                                      
Materials developers should align materials not only to 
PEs or dimensions, but also to a location in learning 
progressions.  
 
This is based on an acknowledgment that teachers will 
gather their own curriculum from disparate sources. 
Prepare teachers to select high-quality materials and fit 
materials into learning progressions over time 
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Matt Krehbiel (facilitator) 
Kara Piccirilli 
Margo Murphy 
Katherine McNeill 
Michael Feder 
Barbara Nagle 
Jo Ellen Roseman 
Lauren Weisskirk 
Nathan Olsson 
Jeff Remington 

Contingent on increasing smarter demand: 
Funders should support the development of 
partnerships with researchers and districts to 
develop and share curriculum, leading to an 
increase in smarter supply 

Contingent on increasing smarter demand:                         
State/district leaders should build from partnerships to 
provide professional learning to diverse groups of 
stakeholders (e.g., instructional leaders, teachers, 
superintendents, parents), leading to an increase in 
smarter implementation. 
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Bridina Lemmer 
Douglas Watkins 
Lizette Burks 
Dionn Brown 
Gilbert Brown 
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Kenne Dibner (facilitator) 
Julie Neidhardt 
Alberto Rodriguez 
Michael Ford 
Xochitl Garcia 
Carol O’Donnell 
Sue Laura White 
Michael Schwarz 
Ryan Stowe 
Lisette Gallegos 
Ariel Simons 
Carla McAuliffe 
Rodger Bybee 
Sandra Ospina 
Renee Stockdale-Homick 
 

To build and maintain smarter supply:                  
Curriculum developers should ensure that 
educative materials are research based, field 
tested, and driven by student outcomes. 

To build smarter demand and implementation:                   
PD providers should support teachers in productively 
adapting curriculum to maintain coherence as 
envisioned by the K–12 Framework for Science 
Education. 
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