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Abstract

Calls for research to be more relevant to practice persist, despite extensive efforts over
the past two decades, because most research efforts remain unresponsive to the concerns
of decision makers and educators and fail to anticipate the diverse goals and contexts of
practice. We present five heuristics for organizing development and adaptation studies
to improve relevance and impact in the context of a project that developed and tested a
set of free, standards-aligned instructional materials in high school science with
associated professional development. The five heuristics are: (1) be adaptive while also
attending to history; (2) anchor design activities in a vision for equitable disciplinary
teaching and learning; (3) maintain continuous attunement to interest holders’ concerns;
(4) design for productive adaptation; and (5) develop evidence of changed relations and
of multiple potential future uses of the products and findings from the research and
development effort. We argue that more studies are needed that adhere to these
heuristics and we consider conditions that would need to be in place for other kinds of
development and adaptation studies to succeed. We conclude by articulating the kinds of
research questions that might follow design and adaptation projects such as ours.

Introduction

An enduring theme in education research is the call to make it more relevant to practice.
In the early 2000s, a broad coalition of scholars, advocates, and policy makers argued that
to be relevant to policy and practice, research needed to use research designs that could
accurately estimate the impacts of potential interventions (Coalition for Evidence-based
Policy, 2002; National Research Council, 2002; Whitehurst, 2003). Policies and research
funding justified through this line of argument have been successful in generating
evidence from experimental and quasi-experimental designs for a wide range of
interventions, and they have expanded the capacity of the field to conduct large-scale field
trials of interventions (Edovald & Nevill, 2020; National Academies of Sciences
Engineering and Medicine, 2022).

Doing more research on the impacts of interventions, however, has not made education
research more relevant to policy and practice. The kinds of field-initiated studies that
agencies like the Institute of Education Sciences (IES) in the United States fund do not
directly address many of the ongoing concerns of teachers (Schneider, 2018; Willingham &
Daniel, 2021). Further, many of the current Development and Innovation studies funded




by IES maintain a high degree of researcher control and are conducted in a narrow range
of settings, with little opportunity to discover the kinds of problems that emerge once
innovations are implemented in more heterogeneous contexts (Farley-Ripple et al., 2018;
National Academies of Sciences Engineering and Medicine, 2022). The emphasis on
researcher control and “doing what works,” moreover, has greatly restricted the scope of
practitioners’ say in decision making regarding the design and development of
interventions, wherever these policies have been promoted (Biesta, 2007).

This paper makes the argument that we need to organize a higher percentage of research
and development projects in ways that allow for research to be in a deep sense “responsive
to this moment” (National Academies of Sciences Engineering and Medicine, 2022, p. 160)
in history. Our argument is aimed at designers and scholars seeking to develop
innovations that can achieve broad reach across heterogeneous school contexts. Research
that is responsive to the moment is necessarily interdisciplinary, collaborative, and
focused on changing systems in ways that make them more equitable and just (Spencer
Foundation, 2023). Further, it is fundamentally about changing relations—among people,
organizations, and institutions—both as a means of promoting systems change and as an
end unto itself (Bang & Vossoughi, 2016).

Synchronization as Key to Relevance and Impact

Making research relevant to practice requires a deeper synchronization in time and place
between research and practice. That is to say, becoming more relevant will require
researchers to develop practices that allow them to attune in an ongoing way to the people
who are involved in, and hold interest in, the outcomes of research before, during, and
after research, that is, in the future (Akkerman et al., 2021). Further, those intervening in
systems need to collaborate with others to anticipate the potential futures — of the
research, of schools, and of the relationships of schools to broader social, political, and
economic systems — toward which the research might build or contribute (Philip &
Sengupta, 2021; Stilgoe et al., 2013). This anticipation involves consideration of both
potential benefits and harms to individuals and groups furthest from power, as well as
those to whom as a nation we owe an “education debt” (Ladson-Billings, 2006). It also
requires anticipation of a wide range of productive adaptations of interventions in varied,
contested spaces of implementation (Gutiérrez & Penuel, 2014; Penuel & Fishman, 2012).

Just how such synchronization can be accomplished in research is only beginning to be
documented in educational research. In part, this is because current research and
development infrastructures are organized around the goal of developing evidence for
potential impact through a linear, research-to-practice pipeline (Peurach, 2016; Thomas et
al., 2024). At the same time, a family of collaborative research approaches has emerged
alongside—and funded partly through—the current infrastructure, and this family of
approaches has yielded a number of examples of research that is both relevant and
impactful (Penuel, Riedy, et al., 2020). Further, a recent National Academies of Sciences,
Engineering, and Medicine (2022) report called for a new type of research named
“Development and Adaptation” studies. This calls for studies that develop interventions
that are responsive to real needs and that create high-leverage, multicomponent strategies
to address inequities within and across schools. Such studies, the report argued, should
also investigate the ways educators adapt interventions in a wide variety of contexts,
recognizing that adaptable interventions are “more likely to be adopted, supported, and
sustained, thus improving educational outcomes” (p. 79).




In this paper, we present heuristics for planning and carrying out these kinds of
development and adaptation studies, illustrating these heuristics within a single project.
The heuristics are based on three bodies of existing research. We developed the heuristics
first by synthesizing evidence and recommendations from three key sources: (1) research
on how education leaders perceive, access, and use research in practice; (2) research and
evaluation of research-practice partnerships in education; and (3) research on supporting
the design and enactment of equitable STEM learning at the scale of a school district. As
we present the heuristics, we present key ideas from these areas of research. In selecting
from among the many possible ideas to put forth as heuristics, we have focused on
elaborating ideas that are largely missing from existing guidance developed for design and
development studies in education (e.g., IES and NSF, 2013).

Though the terminology we use to describe the project is centered on a U.S. context, there
are similar kinds of opportunities for funding for development and adaptation studies
outside the U.S, as well as a similar focus on incentivizing research that can inform
practice. In the United Kingdom, for example, the Education Endowment Foundation
(EEF), established in 2011, funds both evaluation studies of interventions and syntheses of
evidence related to interventions for use by educators. Some of the projects funded by
Horizon Europe, a funding program for research and innovation, include several projects
focused on designing and testing innovations in education. In the Netherlands, the
National Regieorgaan Onderwijsonderzoek has a competitive grant program focused on
“research into promising approaches and innovations” in education; several funded
studies use design-based approaches to research, such as those used in the OpenSciEd
project. In addition, improving the use of research in policy and practice is a priority
globally. In the UK, for example, the Economic and Social Research Council (ESRC)
Education Research Programme has funded projects focused on exploring “new ways of
working in partnership across the boundaries between education research, policy and
practice” (OECD, 2025, p. 71). At the same time, in countries beyond the US, there is also
little consistent or clear guidance about how best to synchronize research, policy, and
practice (van Atteveldt et al., 2019).

The OpenScikEd High School Development Project

OpenSciEd High School is a development and adaptation project focused on improving
student outcomes for all students in science. OpenSciEd High School consists of
instructional materials intended to address high school standards for life, physical, and
Earth and space sciences articulated in the Next Generation Science Standards (NGSS;
NGSS Lead States, 2013). The project to develop the materials was grounded in research-
based ideas for how best to support student learning in science, building on a storyline
instructional model (Reiser et al., 2021). This model organizes instructional materials
around the pursuit of questions that students identify when presented with a phenomenon
from the natural world or with a problem that calls for engineering design. In the storyline
model, student questions motivate and guide collective sensemaking activities that lead
students to develop explanatory models of phenomena or solutions to problems (Penuel,
Reiser, et al., 2022). Such classrooms are organized around students’ figuring out key
science ideas with guidance from their teachers, rather than simply learning definitions
and facts (Schwarz et al., 2017).




The project was led by a consortium of developers from four different institutions which
was selected through a competitive process. The development team included science
educators, researchers, and former classroom teachers from across the country. In
addition, the consortium included a school district partner to support more intensive
collaboration and a group dedicated to promoting education, social justice, and diversity in
science education. The consortium was contracted by a nonprofit organization to carry out
the project, which provided overall guidance and was responsible for distributing materials
and certifying professional development providers upon project completion. A consortium
of private foundations funded the initiative, a step that would likely be necessary for future
projects of this size, given the limitations on individual project amounts for both federal
and foundation grants.

A State Steering Committee for the project provided input on the design of materials at
regular intervals, and it was responsible for recruiting teachers to participate in a field test
of the materials. Members of the committee were either state education agency staff or
their delegates. The ten states represented all regions of the United States: they included
states with large urban centers and rural areas, as well as states with more conservative
populations and states with more liberal politics.

According to the common guidelines first articulated more than a decade ago by the
Institute of Education Sciences and National Science Foundation (2013) for design and
development studies, the project has been a success. For one, the project developed a
complete intervention, including all materials needed for implementation. The OpenSciEd
materials that the consortium developed are freely available. By making the materials free,
the consortium intended to improve access to high-quality instructional materials and
transform relationships among developers, publishers, and school districts that adopt
materials. The Creative Commons license for high school allows any school district or
teacher to use the materials freely and to adapt them as they see fit. The license specifies
that commercial textbook companies may adapt, distribute, and sell the materials, but they
must pay a fee to the nonprofit organization, OpenSciEd. The nonprofit maintains the
materials and contracts with 1) providers of kits associated with units, and 2) a network of
certified providers of professional learning that schools and districts can hire to prepare
educators to use the materials. The result is a large distribution and support system, in
which anyone can obtain a version of the materials for free, but where an ecology of
publishers can sell derivative versions with their own enhancements to schools and
districts.

Consistent with U.S.-based guidelines for intervention studies at this stage of
development, the project developed evidence of feasibility of implementation and promise
for improving student outcomes. In their responses to survey questions, teachers indicated
that they able to implement the key instructional routines of the storyline model, such as
connecting the day’s lesson purpose, activities, and learning to that of the larger arc of the
unit. Additionally, their facility with routines increased over time, that is, from early
rounds of testing to later rounds (see Figure 1). Second, a test of students’ ability to apply
knowledge developed in units showed significant gains in both biology (n = 57) and
chemistry (n = 82); in physics, where the sample size was smaller (n = 22), the trends were
positive but not statistically significant (Figure 2).



Figure 1 — Teachers’ use of navigation routine across rounds over time
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Figure 2 — Mean (with SD error bars) pre and post-test scores
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One motivation for developing this article has been the fact that the project’s organization
does not reflect a typical development and innovation project in science or any other
subject area. Instead of being developed by a small team of researchers and tested in a
handful of classrooms, this project involved a large group of people that included
education researchers, educators, content experts in science, state education leaders, and
professional development providers. Instead of focusing on testing in a few classrooms,
the field test reached 20,000 students in 300 classrooms. Further, after gathering
evidence of feasibility of implementation and promise, thousands of educators have
registered to download the materials, as an indicator of its reach. In many ways, the
project’s impact—in terms of its reach—has already been felt. But, we argue below, that is
because we have followed a set of heuristics for supporting synchronization between
research and practice, and thereby intervened in a way so as to effectively promote the
relevance of the project.



Heuristic 1: Attend to the Historical Moment While
Adapting to Changing Circumstances

What we mean by this heuristic is that project teams need to be particularly attuned to the
historical circumstances in which they find themselves and to recognize that such
circumstances evolve in ways that require adaptation of initial research plans and
compromises among partners. As a historical event, the OpenSciEd initiative began four
years after the publication of the Next Generation Science Standards (NGSS; NGSS Lead
States, 2013). By the time an initial consortium of developers had been selected through a
competitive process led by the Carnegie Corporation of New York, a private foundation,
many states had adopted the NGSS or standards based on them. Yet there were few
instructional materials aligned to the new standards, and many in the field were clamoring
for materials that could be used to propel changes to practice (National Academies of
Sciences Engineering and Medicine, 2018). By the time developers were selected to
develop high school materials, seven years had passed. Our project design reflected the
sense of urgency among members of the State Steering Committee as leaders for standards
implementation in their states, and we were given a contract to develop, test, and revise
three full-year courses that addressed all NGSS standards in high school within a three-
year time period. This was possible only because many members of the consortium had
worked together in the past—and with the State Steering Committee members as well—
and because an existing set of materials for two of the courses developed by two
consortium members could be revised as part of the project.

As a consortium, one way we attended to history while also adapting to the present was in
how we selected phenomena to anchor units of study. A key goal in selecting anchors was
to consider those groups of students who have historically been excluded from science and
engineering and whose interests, experiences, and concerns are rarely included in U.S.
curriculum materials. So to select those anchors, we gathered survey data from students
about lists of phenomena connected to specific standards, and on each survey, we gathered
information (anonymously) about their race/ethnicity, gender, home language, and ZIP
code. The samples included students from ZIP Codes across the country, in urban,
suburban, and rural areas. In selecting phenomena to anchor units, we sought to give
preference to students from systemically marginalized communities to promote equity.

We could not simply select any phenomena for students to rate, however, given the
complicated circumstances politically that emerged during the period of our project. A
“conflict campaign” began that resulted in several states passing laws restricting teaching
about subjects that addressed matters of racial equity and gender and sexual identity
(Pollock & Rogers, 2022). This required the team to be attentive to new political divides
existing across states in our field test. Some phenomena we were interested in pursuing to
anchor were not politically viable, and we were not able to gather data on them to know
how interested students might be in them.

Our approach was to adapt to the political moment in ways that still supported teachers in
engaging students in thinking about how human social, political, and economic systems
shape phenomena in science and problems in engineering. The team emphasized
gathering multiple perspectives and putting students in the driver’s seat when it came to
proposing solutions to problems. The team also had to compromise with states about
specific language used in the materials, to ensure that access to them would not be
unnecessarily restricted by new state laws. We came to an agreement on those



compromises through a variety of means: through conversations among developers,
through feedback from State Steering Committee members, and by reviewing feedback
forms from teachers. The ability to achieve these compromises underscores the
importance of relying in concert on both Heuristic 3 (maintaining continuous attunement
to interest holders’ concerns) and Heuristic 2, to which we turn next.

Heuristic 2: Anchor Design Activities in a Vision for
Equitable Teaching and Learning

Our design activities were anchored in a particular vision for science that was centered on
equity. By vision, we mean an image of what teaching and learning ought to look like, that
is, a normative characterization of how students relate to each other, to the teacher, and to
tasks in the classroom. A vision is grounded both in research and in a set of values. Our
team’s values center on a vision of ensuring that all students have an opportunity to
experience science and engineering as relevant to their lives and as contributing to the
flourishing of their communities (National Research Council, 2012). That is what we mean
by equity. Equity also demands that we consider for whom we are designing, paying
particular attention to communities that have been excluded from science and engineering
in the past, to ensure that they can see their own interests and concerns reflected in
instructional materials (National Academies of Science, Engineering, and Medicine, 2024).

To promote equity in both the design and implementation of materials, our team followed
several equity guidelines informed by research and by the design specifications of
OpenSciEd, which were developed by a different group of stakeholders primarily from the
education research community. The design specifications for OpenSciEd emphasize the
value of recognizing multiple ways of knowing and being, as well as considering how
science and engineering are implicated in matters of justice related to race, socioeconomic
class, gender, educational sovereignty, Indigenous rights, immigration history, land and
water rights, sexual orientation, gender expression, abilities, and other dimensions of
social difference related to justice (OpenSciEd, 2019).

We used several strategies to address these guidelines. For one, we involved diverse groups
of stakeholders in the design of materials (Bang & Vossoughi, 2016). That meant
constructing teams that were diverse with respect to race, ethnicity, gender, and sexual
identity. In addition, we consulted regularly with community members and elders in
places where units were anchored to embody within the context of disciplinary learning an
appreciation for heterogeneity in ways of knowing and being (Warren et al., 2020). For
example, in a unit where students investigate what causes lightning and why some places
are safer than others when it strikes (the structure and properties of matter), the opening
lesson invites students to engage with different lightning stories involving engineers and
storytellers from many different traditions as sources for learning about lightning. These
include a reading about engineer Hertha Ayrton, known for her work on electric arc lamps,
and a video in which the chemistry team’s collaborator, Toyin, shares Oyo oral history
about the storm deities Sango, Qya, Osun, and Qba. Another reading featuring a Navajo
historian describing Navajo knowledge about lightning supporting life is returned to again
in a later lesson as students consider lightning’s effects, including the production of
atmospheric nitrogen.




Another example of how we addressed these guidelines comes from the physics course. In
a unit where students explore gravity, orbits, and meteors, students spend some time
investigating the meteor that most likely led to the extinction of the dinosaurs. The
resulting crater is discernible through a pattern of water-filled caverns on the Yucatan
peninsula, which were historically, and continue to be, sacred to the Mayan people. The
physics team worked with Professor of Chicana/o Studies Gerardo Aldana, who speaks
Mayan and has spent extensive time in modern Mayan communities, to better understand
the Mayan people's relationship to these caverns and communicate about that relationship
respectfully in the materials.

In addition, the developers consortium was structured to be answerable to two different
groups, in terms of adhering to a vision for equitable teaching and learning. One group was
an independent group that contracts with anonymous reviewers to provide both formative
feedback and summative evaluation of units using a set of guidelines jointly developed by
them and another independent curriculum materials review group (NextGen Science &
EdReports, 2021), another independent group that evaluates curriculum materials. For
state- and district-level decision makers, the evaluations of these groups figure in what
materials are selected for lists of high-quality instructional materials (Doan et al., 2022). A
second group to which the consortium was answerable was a non-profit organization
committed to researching, building, and sustaining transformative educational
opportunities in science with all students. The consortium set up a grant program that this
organization administered, which supported the involvement of educators and researchers
in both reviewing units and contributing to unit design. Their participation was key to
ensuring a focus on the equity specifications.

To ensure that the equity specifications were front-and-center within the ongoing work of
writing teams, we held regular project retreats and meetings where equity and justice were
a focus. In some of these retreats, we reviewed the equity design specifications together
and discussed how they were being embodied in both instructional and professional
learning materials. We also had presentations and discussions with leading scholars of
equity in science education, some of whom also consulted directly with the project. In
addition, an in-person mid-project writers retreat focused on equity and justice as a
central theme. At this retreat, we catalogued the different strategies and approaches we
were using within each course and shared them with each other to make visible across
teams the different strategies each course was using to address the design specifications
related to equity. We also spent time together reflecting on and synthesizing our
approaches to promoting equity and justice, writing about them for a practitioner audience
(Penuel, Henson et al., 2024).

An ongoing challenge for us as a team was addressing two different meanings of equity
that are emphasized within science education, namely embracing heterogeneity and
learning and using science and engineering to promote justice. Briefly, these framings of
equity emphasize diversity and divergence in classrooms (embracing heterogeneity) and
engaging students directly in remedying injustices experienced in their communities
(promoting justice) (National Academies of Sciences Engineering and Medicine, 2024).
Our instructional model emphasizes students working toward consensus together on
explanatory models of phenomena, even as what students bring from their own
experiences and identities are valued (Reiser et al., 2021). But there can also be value in
seeking to name differences and to organize science and engineering learning around
“heterogeneity-seeking” rather than consensus-building (Morales-Doyle, 2024; Pierson et
al., 2023). And while we present students with many opportunities in materials to grapple
with injustices, we did not encourage students to take specific action to address those




injustices, [1] nor did we incorporate many opportunities to engage with local issues. In
seeking to be useful across the country, our materials do not in themselves address the
need for materials to be localized; we take this point up in the context of discussing
Heuristic 3, support for adaptation. The need to avoid encouraging students to take up
stances within movements toward justice has much to do with the heterogeneity of our
interest holders’ concerns for developing materials that could be used in states across a
wide political spectrum, as discussed above under Heuristic 1. The strategies we used to
attune to that heterogeneity is what we take up next in discussing Heuristic 3.

Heuristic 3: Maintain Continuous Attunement to Interest
Holders' Concerns

A key goal of design and development research as defined by federal grant makers is that
this early phase work should produce measures of good technical quality for assessing
implementation and student learning outcomes that can be used in subsequent studies, as
well as pilot data that provides evidence of the intervention’s promise in improving
student outcomes. As part of OpenSciEd, we did just that: we developed a range of
measures for studying teachers’ practice and teachers’ learning from professional
development (for published articles related to the middle school field test, on which
measures for high school were based, see Krumm et al., 2020; Penuel et al., 2023; Penuel,
Krumm, et al., 2024). In addition, we followed an evidence-centered design process (as
described in Penuel et al., 2019) to develop phenomenon-based tasks to measure students’
growth in their ability to use science ideas, practices, and crosscutting concepts targeted in
units. The results of those studies showed the promise of units in promoting student
learning, as noted above.

But if that were all the evidence gathered as part of our study, we would have little
evidence to support the claim that our endeavor was relevant to and synchronized with the
activities and concerns of key interest holders in the project. A key requirement for
promoting relevance is that evidence gathering within design and development studies
should systematize an “ongoing process of engaging, listening, and responding with the
willingness to listen and respond again” (Akkerman et al., 2021, p. 421). Further, within
projects, the relations between researchers and participants should be organized as much
as possible as subject-to-subject relationships, that is, as people interacting with purposes,
not just research subjects or objects of research (Akkerman et al., 2021). In this project, we
prioritized the concerns of three groups of interest holders: educators, state education
leaders, and students.

One of the ways that we engaged educators throughout the project was through the co-
revision of units. The team was committed to engaging practicing teachers as designers of
these materials, because past research has shown co-design builds commitment and
understanding of key design principles and because it supports teachers’ own agency
(Severance et al., 2016; Voogt et al., 2015). It also helps researchers learn: by engaging in
co-design, researchers develop a sensitivity to problems of practice that arise in
implementation, along with practical design principles for balancing competing design
goals (Goldman et al., 2022; Manz et al., 2022). But co-design is time-intensive, and the
considerable constraints placed on the consortium with respect to time and standards
made it impossible to replicate an approach used to develop initial versions of two courses.
Thus, the team adapted its process to focus on inviting teachers from the field test to be




involved in co-revision meetings, held online, that were aimed at addressing feedback
teachers had provided when first implementing units and feedback from external
reviewers. Co-revision did give teachers less say in the overall design, but it provided space
for educators to see that developers were being responsive to their concerns and to
influence how specific concerns would be addressed.

Educators who served as field test teachers also had multiple opportunities to provide
feedback on the structure and content of the professional development and curriculum
materials. Prior to teaching a field test unit, teachers participated in a professional
development workshop. Following their participation, teacher feedback related to both the
content and organization of the workshop was collected via surveys. During the field test of
each unit, field test researchers gathered data from teachers on implementation and
experience via survey and interview. Teachers also provided direct feedback via a form
monitored by the unit writers. All of this feedback informed the revision of the final public
facing materials

We also stayed attuned to state education leaders through regular meetings with them.
There were two types of meetings: monthly meetings with all leaders, and design meetings
between unit leads and state leaders. At monthly meetings, the developers consortium
presented on and solicited feedback on multiple key aspects of design: the course scope
and sequence, the professional development goals and sequence, Earth and space science
integration, how to address emergent issues related to the pandemic, changing political
environments, and teachers’ responses to the materials and professional learning
activities. In this way, state leaders were design consultants and were full partners in
implementing professional learning, in that they were responsible for recruiting and
supporting a cadre of local leaders for workshops who attended facilitator workshops led
by developers with expertise in professional learning. In addition, data from the field test
were presented at multiple meetings, and state leaders were given opportunities to make
sense of the data and to make recommendations to developers about how to address
concerns identified in the field test. As part of these sessions, state leaders followed a
routine of first listening to a presentation, then discussing their own noticings and
interpretations of field test data in small groups, which they then brought back to
developers with concrete recommendations for change. Unit leads presented to state team
members information on unit-specific plans, as well as feedback from teachers and
planned revisions. In these meetings, they solicited input from state leaders. In some
cases, the input resulted in major shifts to units. For example, based on unpacking of
standards, the physics unit 1 team originally chose an anchoring phenomenon about a
young boy in Malawi named William who brought electricity to his village by building a
windmill. Despite interest expressed on student surveys, the State Steering Committee felt
that this phenomenon was too far from the experiences of American students to anchor a
whole unit and instead suggested that we look to the then-recent widespread power
outages in Texas. The team pivoted to this phenomenon, and the field test showed that it
was a success, capturing the interest of students and driving learning toward the chosen
standards.

Student interest and experience were attended to in several ways. First, as described
above, we surveyed students recruited both from field test classrooms and via the internet
about the problems and phenomena they would find most interesting. The problems and
phenomena included in the survey were generated by the unit development team following
a deep analysis of the standards. These data informed the selection of the anchoring



phenomenon as well as lesson level and assessment phenomena. During the unit field test,
student experience data was collected via regular exit tickets and surveys. Student work
samples were also collected and analyzed by the unit writing team to evaluate the
alignment of student learning goals and outcomes in real time.

An example from the chemistry course illustrates how one team made use of feedback
from different sources to revise units in ways that stayed attuned to different stakeholders’
concerns, particularly related to ensuring relevance to students. The focal unit,
Thermodynamics in Earth Systems, is organized around the question, “How can we slow
the flow of energy on Earth to protect vulnerable coastal communities?” The first issue the
team tackled was that teachers said they rarely revisited questions generated in the first
lesson, which were questions intended to drive the learning forward and help students see
how the day’s learning connected to something they cared about (Weizman et al., 2008).
The team addressed this feedback by building in three places in the unit where teachers
were invited to revisit student questions explicitly, so that students had the chance to see
how their questions would be answered. Field-test teachers also reported that while
student interest in the unit was high at first, it waned across the course of the unit.
Teachers recommended more images to dramatize the immediate effects of glacial
melting, as well as more explicit connections between glacier melt and effects of climate
change felt around the world. The team also incorporated multiple prompts for student
thinking from the Ethical Deliberation and Decision-Making Framework from the
Learning in Places project (Learning in Places Collaborative, 2022) throughout the unit,
inviting students to consider how both the human world and other species were impacted
by polar ice melt and sea level rise. For example, a lesson that previously focused solely on
data analysis around glacial melt in Greenland now incorporates Inuit voices and asks
students to consider how Inuit hunters and fishers and NASA scientists define systems and
the problem in different, but complementary, ways.

We did not involve the key interest holders of students and families directly in design.
Interest surveys were an indirect means of getting their input into units, but we recognized
that these provided limited insight into why some phenomena were interesting to some
students but not others. Our own team’s limited experience with involving students and
families in design made it difficult for us to see how to do so within the resource and time
constraints of the project. At the same time, following models provided by the Learning in
Places project, we did incorporate into both field test and final materials multiple
opportunities for “home learning” engagements in which students solicited input from
family and community members on the problems and phenomena they were studying, as
well as potential design solutions to them.

Heuristic 4: Design for Productive Adaptation

A goal of many design and development projects is to create programs or practices that can
be implemented with fidelity in a wide range of contexts, under typical conditions of
schools and districts. Such a goal is grounded in an appreciation for how effects of
interventions are often mediated by implementation quality (Zvoch, 2012) but also with
the belief that treatments should work anywhere, regardless of context, under the routine
conditions of schools (Conaway et al., 2022). But approaching development and
adaptation projects with the goal of producing something that can work anywhere leaves
no room for educator agency and localization. Further, the requirement that context be




treated as something that is irrelevant to design makes heterogeneity—in implementation
and in outcomes—a problem to be solved rather than a resource for making interventions
more relevant to local actors. Often, intervention requires changing the conditions of
schools and districts to accommodate ambitious and equitable teaching and learning goals
(Penuel, 2019).

The goal of synchronization (attuning continuously to interest holders’ goals and concerns)
in development and adaptation studies demands that researchers assume that
implementers bring a wide variety of goals for implementation, and that implementation
contexts are varied and often challenging. First, designers should anticipate the wide
variety of goals educators bring and the variety of contexts in which they work
(Bjorgvinsson et al., 2012; Escobar, 2017). Second, implementing teachers regularly
experience discontinuities that need to be anticipated between administrators and
teachers, for example, in terms of their goals and systems for evaluation and guidance
(Elmore & Forman, 2011; Hannan et al., 2015; Penuel, 2019). Third, implementing
teachers experience discontinuities between families and schools, with respect to how
home knowledge is valued for science learning (e.g., Ishimaru & Bang, 2022) and between
what is expected regarding performance, grading, and feedback and accommodations that
are necessary in classrooms characterized by neurodiversity. The degree to which people
are able to anticipate these pluralities and discontinuities is likely to depend both on the
composition of the design team, as well as situational and institutional constraints on
design goals (Le Dantec & DiSalvo, 2013; Penuel, Allen, et al., 2022).

The OpenSciEd High School Developers Consortium anticipated several goals high school
teachers might bring and the variety of their contexts, based on our earlier curriculum
development work. For example, some educators are motivated strongly by goals typically
associated with place-based education for ensuring that science instruction focuses on
phenomena that are local; others are concerned with ensuring their students are prepared
for demanding college courses. At the same time, we also knew that, broadly speaking,
teachers’ visions for science teaching and learning were most well-aligned to the idea of
science as being both knowledge and practice and that science should connect to students’
interests and experience, even if teachers’ ideas about equity were less well-aligned to that
of the Framework (Penuel, Bell, et al., 2020). Further, we anticipated that to meet these
goals, teachers were more inclined to rely on materials that they developed themselves
than the coherent units of instruction that we were developing (Doan et al., 2023).

Our professional learning workshops with teachers reflected our understanding of these
diverse goals that teachers brought to field testing new instructional materials. In
anticipation of teachers’ reluctance to use materials “as is,” we outlined ways that teachers
might adapt field test materials in ways that still maintained integrity to the design
specifications. In addition, we sought to build appreciation for how the unit design
process, the focal phenomena, and activities of units could facilitate students seeing how
science and engineering could be relevant to their everyday lives and to their communities.
In both units and in professional learning, we gave strong emphasis to building equitable
learning cultures and to recognizing heterogeneous ways of making sense of phenomena,
to help develop teachers’ visions for equity in science teaching and learning. We supported
teachers in developing and revisiting a set of “community agreements” in their classroom
for fostering respect, equity, and a shared commitment to collaborative knowledge
building (Affolter et al., 2022). For example, designers of the first chemistry unit for the
year incorporated intentional moments to return to community agreements into every
lesson in the first lesson set, as well as at other key moments in the unit. In the fifth lesson,




students explicitly consider how they can work throughout class to be “Committed to Our
Community.” They also discuss as a class which community agreements might be most
important to keep in mind during a consensus decision and take time at the end of class to
reflect on how community agreements could support the investigations needed to answer
students’ key questions.

With respect to addressing discontinuities teachers encountered, we gathered data from
educators on their persistent challenges, which helped state leaders and facilitators
understand the emergent discontinuities teachers experienced. One such perceived
discontinuity among teachers was between meeting the needs of students with disabilities
in the curriculum materials and the goal of supporting students in making sense of
phenomena using the three dimensions emphasized in the NGSS. Through interviews
conducted both as part of the field test data collection and with designers of professional
learning materials, we surfaced different understandings of the problem, as well as
strategies that some teachers were using to adapt materials to meet requirements
involving students’ Individualized Education Plans (IEPs). To address these concerns, the
team developed a two-day professional learning workshop that engaged educators in using
the framework of Universal Design for Learning (UDL; Rose & Meyer, 2002) to identify
ways to adapt materials to meet their specific students’ IEP requirements. The professional
learning also highlighted ways materials were designed with this framework in mind. For
revised units, we built supports based on research that address the kinds of supports that
benefit students with different kinds of disabilities in meeting ambitious disciplinary
learning goals in science (Palincsar et al., 2001; Therrian et al., 2011). For example, the
materials in all three courses suggest ways in which teachers can encourage students to
communicate their ideas through gesture, drawing, and kinesthetic activity, in addition to
orally, during classroom discussions. Alternative activities are suggested when students
are required to walk or run, particularly outside. We also provide extensive support for
students’ social interactions, in the form of community agreements that are jointly
negotiated, as elaborated above.

One challenge relates to how to support productive adaptation of materials beyond our
project, particularly related to the ongoing press for materials to address local phenomena
and problems, including those that pertain to socio-ecological justice. To that end,
members of our team worked with state leaders and researchers on two related projects
that were focused on localization. The team developed a set of resources for teachers to use
related to five different strategies for localizing OpenSciEd materials, highlighting
differences in the time and capacity needed for each. The most demanding—in terms of
capacity and time—is to add or swap an anchoring phenomenon. Such an adaptation
requires rewriting all the lessons that follow, for them to be coherent from the student
point of view. Somewhat less demanding is the strategy of adding or swapping out an
investigative phenomenon, which involves writing in a new lesson at a specific point in the
storyline. Teachers can also swap out a transfer task that could be used as an assessment
that ties to a local phenomenon or issue. Both these strategies still rely on the pedagogical
design capacity of teachers for developing tasks that both elicit students’ use of the three
dimensions of science and that connect to students’ interests, experiences, and identities.
Other strategies rely less on teachers’ design of new materials, and more on how they
respond to students’ questions and interest with existing materials. One of these
adaptation strategies entails making use of phenomena that students identify at the
beginning of each unit that they have experienced and that they think can help them
explain the focal phenomenon of the unit. A second involves making use of student exit
tickets to invite students to make connections between the day’s lesson and something in
their everyday lives or that they care about (Hulleman & Harackiewicz, 2009).



Additional challenges to fostering productive adaptation fall beyond the scope of our
immediate project but depend on local actors leveraging resources and expertise within
local networks developed through the project (Heuristic 5 below). These include challenges
that are well-documented in the literature, such as teacher access to sustained professional
learning opportunities and incoherent guidance from other components of systems such as
assessments and teacher evaluation frameworks (Cobb et al., 2018; Penuel, 2019; Rorrer et
al., 2008; Stosich et al., 2017). The challenge of providing access to sustained professional
learning opportunities is particularly acute at this moment, since the post-pandemic funds
many states used to support teachers in the past few years of field testing are no longer
available.

Heuristic 5: Developing Evidence for Changed Relations
and Possible Future Uses

As noted above, our development and adaptation project developed evidence related to
feasibility of implementation and promise of OpenSciEd. However, for research to be
relevant, evidence of generativity is needed, namely evidence that the project has yielded
products which can support multiple possible future uses and which show ways that those
uses could transform relations within the classroom and beyond. We anticipated several
potential uses of research tools and evidence for which we designed: political uses to
support adoption decisions, uses to inform adoption and piloting, and uses by other
scholars studying OpenSciEd. To support these different uses, we made all instruments
used in the field test Open Educational Resources, just as we did the materials. We also
considered both the kind of evidence needed and formats for visualization and sharing that
could readily be used by state and local leaders in multiple contexts.

Political uses of research are often contrasted negatively with instrumental uses of
evidence to inform decisions regarding programs and practices (see, for example, Coalition
for Evidence-based Policy, 2002; Dunworth et al., 2008). But political uses of research are
inevitable, and they can be beneficial and bring about needed changes to practice when the
evidence is recruited accurately to the cause (Weiss & Bucuvalas, 1980). For state leaders
and district decision makers, data are necessary tools of persuasion regarding adoption
decisions for new instructional materials. And while data on learning outcomes are
especially prized, data related to implementation and to teacher and student perceptions
are valuable, too, for learning about how educators adapt materials in ways that can
inform iterative design (Penuel et al., 2014). In a world where individual teachers have
considerable say over what materials they use, positive endorsements from peers matter a
great deal to leaders (Torphy et al., 2020).

To support effective political uses of research by state education leaders, we began the field
test by engaging state leaders in thinking about the data we might collect, and they
provided feedback on what data would be most important for informing local leaders’
decisions regarding the adoption of OpenSciEd. On that menu were documentation of
student learning outcomes, teacher and student perceptions of the materials,
implementation of the materials, and documentation of changes to practice to align better
with the vision of teaching and learning in A Framework for K-12 Science Education
(National Research Council, 2012). State leaders believed student learning outcomes
would be important to informing local leaders’ adoption decisions. They also highlighted
the value of two other kinds of evidence to them, namely that students from systemically
marginalized groups and communities felt the materials were personally relevant to them




and important to their communities, and that the materials supported changes to practice
that they thought were important to make, but also difficult to make without high quality
instructional materials. For state leaders, new materials were part of a broader strategy to
change science teaching, not an end unto themselves, and so data on whether the materials
were supporting such changes were important to them.

To accommodate their needs, we incorporated student surveys of experience into data
example, we gave students survey items such as, “I found today's lesson interesting,” and
“Today’s lesson relates to a problem we have in our city or town that needs to be solved” as
part of brief surveys which students completed once per unit. In slide presentations to
State Science Supervisors, data team leaders presented results, disaggregated by
race/ethnicity and by gender, that could be reused in state contexts. To facilitate both
leaders’ and developers’ own queries of the data by state, the team created a dashboard for
each unit, with data from all survey items that had been administered to students and
teachers.

Another potential use that we anticipated for the tools for data collection we had
developed was to support adoption decisions. Most larger school districts have formal
adoption processes for instructional materials (Allen & Seaman, 2017). As part of that
process, many also engage in pilot testing with groups of teachers, and a few also
incorporate data collection into the pilots, to understand what teachers think about the
materials and how they are enacting them (EdReports, 2023). The process—as well as the
instruments—for rapidly gathering and analyzing data from the field test of OpenSciEd is
one that was designed to be adaptable for other kinds of pilots, supported by external
partners (e.g., a research or evaluation team). If used in this way, the field test process and
instruments could enhance the capacity of systems to learn from pilot tests of instructional
materials and to customize teacher learning based on evidence of how teachers are
perceiving and enacting materials. Unlike previous instruments and approaches (e.g., Hall
& Hord, 2014), the measures are keyed to specific practices targeted in materials and focus
on the student experience, not just on teacher implementation.

To assess the degree to which relationships among students and between teachers and
students and classroom practice had shifted, we included questions on student surveys
that asked about their perceptions of the classroom community. We incorporated scales
about students’ sense of belonging, care, sense of epistemic agency, and perceptions about
what they thought it took to succeed in their science classrooms. We also asked them to
report on classroom practices that their teachers used to support their collaborative
sensemaking about phenomena. These were scales which we had first piloted and reported
on as part of our study of middle school instructional materials for OpenSciEd (Penuel,
Krumm, et al., 2024; Singleton et al., 2024), or that we had adapted from other studies
that focus specifically on instructional shifts promoted in the NGSS Framework (e.g.,
Campbell et al., 2021; Hayes et al., 2016). And as with data on student experience, we
presented these data to state leaders in a disaggregated fashion, to show the degree to
which teaching and learning were perceived to be equitable by students themselves.

Researchers from the OpenSciEd developers consortium have also shared its instruments
with a growing community of scholars who are interested in studying OpenSciEd. A
nonprofit organization, Digital Promise, has formed the OpenSciEd Research Community
that connects researchers, practitioners, policymakers and innovators who are interested
in studying the use of the materials and associated professional development both to



advance scholarship in science education and build field-wide capacity for
implementation. The group has awarded mini grants to scholars to develop larger research
proposals for external funding that are building on the knowledge base generated by
members of the OpenSciEd developers consortium.

Potential Generality of the Heuristics and Conditions for
Synchronization

The heuristics named above worked together to promote synchrony and are unified by a
common focus on continuous attunement in the present to multiple interest holders that is
also focused on potential for promoting equity at scale in the future. The work of
attunement and anticipation we maintain is likely present in any successful development
effort, but is rarely the focus of guidelines or advice to investigators. In making these
heuristics explicit, we hope that this more intensive focus on the relational dimensions of
development and adaptation studies provides useful guidance both for individual studies
and the preparation of investigators and other team members in studies. That is to say, we
hope that the project has embodied the principle of generativity within the ontological
conception of relevance offered by Akkerman and colleagues (2021).

Whether or not these heuristics can be readily applied to other development and
adaptation projects is partly an open question. However, there are other examples of
projects like OpenSciEd High School that have used many of the same approaches to
synchronizing research and practice that our team has, and with similar levels of success in
terms of reach. Many of these projects have also demonstrated impact on student
outcomes, such as Success for All (Cooper et al., 1998) and Building Blocks (Sarama &
Clements, 2004). Notably, the stories told about these projects tend to highlight the
outcomes but not the ways that research and development were structured in a way to
maintain continuous responsiveness to a wide range of interest holders. Peurach’s (2011)
account of Success for All is an exception, and it is notable for the detail he provides about
how researchers and the Success for All Foundation engaged in continuous learning about
and from implementation, adjusting course as needed to support the growth and spread of
the intervention. What was replicated across sites was as much a set of routines and
practices as it was a particular design for improving learning (Peurach & Glazer, 2012).

What is arguably different about OpenSciEd from these other projects is that, rather than
starting small, the project started big, in terms of its reach, and it was designed for rapid
expansion, even as evidence of its promise was still being gathered. As Clements (2007)
rightly notes, these investments are resource-intensive, and investing in something not yet
proven effective in a range of classrooms carries risks. OpenSciEd was about three times
the size of investment made in a typical U.S.-based design and development grant. Can
funders like those that invested in OpenSciEd bear such risk for other projects?

In the case of OpenSciEd, several factors helped to reduce that risk that may need to be
present to answer that question affirmatively. For one, starting big was possible in part
because of the specific conditions in which the project found itself—several years into a
standards movement that had yet to produce high-quality instructional materials for the
secondary level. There were, moreover, willing and enterprising leaders and teachers who
were ready to try out the materials we were developing. And there was a research and
design team with both experience in multi-institutional collaborative design and ample
resources to accomplish its aims. This kind of confluence of political conditions, will, and
capacity that is needed for reforms to succeed is well-established (Bryk, 2015; Cohen &
Ball, 1999; Tichnor-Wagner et al., 2017).




Having these conditions in place, however, would not have been sufficient for our team to
achieve success. Synchronizing research and practice to promote relevance required
multiple, structured opportunities for continuous engagement across the research-
practice-policy divide. Not only did these opportunities facilitate the use of data and
evidence from the field test for different purposes, they also enabled researchers to stay
closely attuned to different interest holders, from students to teachers to state-level
leaders. There was also a need to incorporate ongoing learning opportunities in the
collaboration. We accomplished this through periodic internal team retreats, whole-team
meetings, and a regular newsletter that documented stories, but also through our collective
commitment to orienting to one another’s current concerns and hoped-for futures. Our
own experience is consistent with findings about other collaboratives like ours, which have
found that supporting the ongoing learning of members is key—but also a challenge (Cohen
et al., 2013). As a team comprised of both researchers and designers with different
backgrounds in curriculum development and teaching, to engage in research and
development that is relevant to practice requires continuous learning and enhanced
capacities that can only be developed through collaborative endeavors like this one, and
with a great willingness to take considered risks on investing in people and networks who
hold a vision for how teaching and learning could be better for all.

What Comes Next After a Development and Adaptation
Project Like This One

In the report, The Future of Education Research at IES: Advancing an Equity-Oriented
Science (National Academies of Sciences Engineering and Medicine, 2022), the committee
called for a new category of research called Impact and Heterogeneity. Such studies might
follow a Development and Adaptation project, if the goal were to gather causal evidence of
an intervention’s efficacy or effectiveness. In contrast to current practice at IES, the
committee called for the category to include quasi-experimental studies to accommodate
situations where systems-level change efforts make experimental designs infeasible. In
addition, the committee called on scholars to pay closer attention to heterogeneity in
treatment effects early on, as part of their emphasis on producing useful research that also
attends to equity.

The OpenSciEd project would benefit from an efficacy study that would allow for causal
inferences about the impact of using the instructional materials when supported by
sustained professional learning from teachers. Such a study could employ the measures
developed by the team as part of the Design and Adaptation project, alongside other, more
distal measures that were developed independently. At this stage of the project, a quasi-
experimental design might not just be more feasible to implement, and it might also be
more desirable. The substantial changes to instruction required of most teachers for
implementation makes it more desirable to include teachers who have taught the materials
for at least a year before testing its impacts on students.

But efficacy studies are not the only research studies that are needed; several unanswered
questions emerged from our work that are likely to emerge from other efforts like ours. For
one, data are needed on families’ or communities’ feedback on interventions. Knowing
something about the range of possible responses to materials might be valuable to district
leaders considering adoption. They could use such information to inform local adaptation
of the materials or to plan communications with caregivers about the materials. Second, it
is important to gather information about teachers’ and publishers’ adaptations of
materials, as to whether they maintain integrity to the design principles. For the middle
school version of these materials, researchers are already investigating teachers’



adaptations (McNeill et al., 2023). This research, as future research on the high school
program might, focuses on teachers’ goals for adaptation, the form of those adaptations,
and the role of different aspects of teachers’ local contexts in shaping their adaptations. A
third area of research might focus on sustainability. The long-term sustainability of this
intervention depends on school- and district-level adoptions. While there is some research
in the grey literature on adoption decisions (e.g., Allen & Seaman, 2017), understanding
how OpenSciEd fares in adoption decisions and what reasons and data inform those
decisions is an important question to answer. Furthermore, knowledge mobilization
research may explore interventions to enhance the use of evidence from various sources
(e.g., field test data, local pilot data) in decision-making processes. Research on
sustainability might also explore strategies schools and districts pursue for sustaining
teachers’ implementation and ongoing learning from classroom implementation. At
present, research on what happens “when the research ends” is rare and sobering
(Fishman et al., 2011). Thus, future research on successful strategies for sustainability is
needed.

Last, future research that might be conducted on Design and Adaptation projects like ours
could be empirical studies of the processes themselves. We could not devote resources to
contract or commission a study of our own process with an outside consultant. Had we
done so, we would have been interested in documenting more systematically the
development process, along with how we used feedback to inform revisions to materials.
While we attempted through our newsletters to develop contemporaneous accounts of the
process, they are necessarily from the developers’ point of view. We think large
Development and Adaptation projects like ours would benefit from a systematic, multi-
perspectival account of patterns and variation in terms of how development unfolded
within and across teams and courses. Such research may be crucial in demonstrating just
how ambitious Development and Adaptations can be and still realize goals for quality,
relevance, and impact.

At the present moment—in the U.S. at least—it is difficult to imagine when or how these
next steps might take place, given the dismantling of the research and development
infrastructure that happened at the beginning of 2025. But calls for more relevant research
and for more responsible innovation that includes the voices of interest holders are global
phenomena (e.g., OECD, 2025; van Atteveldt et al., 2019). It is likely that the heuristics
here could be used wherever there are significant investments in curriculum design that
have commitments to being informed by evidence and guided by a vision for ensuring all
students can see curriculum as a window into possible future and a mirror into their own
lives and those of their communities.
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End Notes

'We would characterize our stance as one of political restraint rather than neutrality, and
we acknowledge that such a position is itself a political position. We did attempt to expose
students to perspectives of interest holders who are farthest from power when presenting
issues; in addition, we directly encouraged students to consider what values they wanted to
use in recommending design solutions to problems that pertain to injustices and where
science and engineering ideas and practices might have something to offer. Nonetheless,
we acknowledge this approach is different from what some equity- and justice-oriented
scholars in science education would advocate.
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