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Supporting Teachers in Designing Assessments Aligned to the Vision of the Framework: 

Findings from Two Design Studies 

The vision of A Framework for K-12 Science Education (National Research Council, 

2012) outlined new aims for developing all students’ proficiency in science, often referred to in 

shorthand as “three-dimensional (3D) science learning,” whereby students develop and use 

understandings of disciplinary core ideas (DCIs), science and engineering practices (SEPs), and 

crosscutting concepts (CCCs) to explain science phenomena or solve engineering problems. In 

contrast to the first generation of science standards that separated content from inquiry goals 

(National Research Council, 1996, 2000), the Framework called for standards that focused on 

helping students gain a grasp of and use of science and engineering practices to support their 

learning of ideas core to the disciplines of science and crosscutting concepts that unify different 

fields of science and engineering. This image of science proficiency is grounded in studies of 

how people learn science that illustrate ways in which students’ understanding of ideas and grasp 

of practice co-develop and support one another (e.g., Lehrer & Schauble, 2006; Manz, 2012; 

Windschitl et al., 2008), as well as an extensive body of research on how scientists and engineers 

develop, share, and critique knowledge and designs (e.g., Bucciarelli, 1994; Knorr-Cetina, 1999; 

Pickering, 1995). 

Implicit in the Framework’s multi-dimensional framework for science proficiency are 

two additional latent dimensions, interest and identity (Bell et al., 2016). A core assumption of 

the Framework (National Research Council, 2012) is that science learning experiences should 

“connect with their [students’] own interests and experiences” (p. 28), and that “build their 

[students’] identities as capable learners of science and engineering” (p. 249). Doing so is an 

important vehicle for realizing another goal in the Framework, that of promoting equity, 
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specifically the goal of broadening participation in science (p. 28), insofar as connecting to 

students’ interests and identities could help a broader range of students identify with science and 

engineering as enterprises (p. 285).  

Designing assessments that address all five of these dimensions presents several 

challenges to assessment developers and classroom teachers alike. For one, they need to elicit 

and require students to apply their understanding of DCIs, SEPs, and the CCCs (Pellegrino, 

2013). Assessment tasks can accomplish this goal when anchored in specific phenomena to be 

explained (for science) or problems to be solved (for engineering), but choosing phenomena that 

invite student sensemaking related to key science ideas and practices and that are culturally 

relevant and personally meaningful to students is not a straightforward process (Lo et al., 2022; 

Penuel et al., 2022; Penuel, Lo, et al., 2019; Penuel, Turner, et al., 2019). Further, eliciting 

students’ understanding in ways that serve the larger goal of sensemaking (Odden & Russ, 2019) 

requires the design of a sequence of prompts that elicit relevant student resources for 

sensemaking as starting points, and building incrementally toward more complete explanations 

or solutions (National Academies of Sciences Engineering and Medicine, 2019). Finally, 

developing tasks that allow and encourage students to use and teachers to recognize a wide range 

of communicative resources that are accessible to emergent multilingual learners require its own 

set of guidelines to support designers (Bang et al., 2017; Fine & Furtak, 2020; Furtak et al., 

2020). 

In this paper, we report on conclusions from two design studies conducted over two 

successive years focused on a professional learning workshop designed to support teachers in 

developing assessments aligned to the vision of A Framework for K-12 Science Education. Our 

high-level conjecture behind our design studies was that engaging teachers in task adaptation and 
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design activities could support teachers in creating assessments that reflect the vision and 

provide a context for developing a better understanding of the challenges of developing tasks that 

connect to students’ interests and identities and that require students to apply their understanding 

of DCIs, SEPs, and CCCs to explain observable events in the natural world. In these design 

studies, we focused particularly on supporting educators in learning to develop tasks that focused 

on the three dimensions highlighted in the standards (NGSS Lead States, 2013). However, as we 

elaborate below, our design studies informed a redesign of the professional learning to support 

teachers in developing a more robust vision for five-dimensional (5D) science teaching and 

learning that involve teachers engaging students’ interests and identities as two additional 

dimensions to attend to when designing opportunities for students to use the 3Ds to explain 

phenomena or solve problems. 

Theoretical Framework 

Guiding our work were two interrelated layers of ideas about (1) science assessment of 

the 3Ds of the Framework in a way that attends to interest and identity and (2) how task 

adaptation and design can function as ways to support teacher learning. 

Assessing the Three Explicit Dimensions in the Framework 

Assessing students’ proficiency requires tasks in which students must apply their 

understanding of all 3Ds (i.e., DCIs, SEPs, and CCCs) (Pellegrino, 2013). If such tasks are to 

elicit students’ ability to do science, such tasks need to engage students in multiple, “connected” 

practices (National Research Council, 2014, p. 130). Scientific practices are not isolated but are 

integrated in service of answering specific questions to develop knowledge about the natural 

world (Kelly, 2012; Manz, 2015). Anchoring tasks in specific phenomena to be explained (for 

science) or problems to be solved (for engineering) provides a context to elicit this kind of 
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connected use of SEPs, integrated with DCIs and CCCs. Tasks that facilitate sensemaking about 

phenomena and problems create contexts for students to demonstrate their integrated 

understanding of the 3Ds of science learning (Achieve, 2018; Penuel, Turner, et al., 2019). In 

these contexts, students develop and revise models for explaining target phenomena (Windschitl 

et al., 2008) or for designing solutions to address specific problems (Kolodner et al., 2003).  

Beyond being organized around phenomena and problems, assessment tasks must be 

organized to demand that students use their understanding of the 3Ds to make sense of the 

scenario presented to them. This will likely require that the scenario point explicitly to gaps in 

knowledge or needs to be addressed to explain the phenomenon or solve the problem. This goal 

may be accomplished through an explicit problematizing of the context to highlight DCIs at 

stake and to motivate students (Engle, 2012; Reiser, 2004). Further, prompts should be designed 

to be in the service of sensemaking about phenomena and problems, such that knowledge of the 

dimensions is not elicited as isolable knowledge or skills in a manner that would undermine the 

image of science learning presented in the Framework for K-12 Science Education (National 

Research Council, 2012). 

Interest and Identity in Assessment 

Learning sciences research in the past decade has increasingly recognized that students’ 

interest and identity are fundamental to learning. Interest facilitates motivation, engagement, 

persistence, and self-regulation in learning (National Academies of Sciences Engineering and 

Medicine, 2018). In addition, interest has been shown to be related to learning outcomes, such as 

text comprehension and problem solving (Renninger & Hidi, 2002; Walkington & Bernacki, 

2014). Similarly, students’ personal and social identities shape their goals and motivation, as 

well as how they participate in different kinds of learning environments (Calabrese Barton & 
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Tan, 2010; Nasir, 2002; Wortham, 2004, 2006). Of particular importance in the practice-focused 

view of science learning is helping cultivate practice-linked identities (Nasir & Cooks, 2009; 

Nasir & Hand, 2008), that is, a sense of identification with disciplinary practices that grows from 

an understanding of how they can help realize personal and community values and aims.  

There is strong evidence that interest is malleable and can be influenced by the tasks and 

materials teachers use (Hunsu et al., 2017; Renninger et al., 2002). However, an enduring 

challenge for teachers is to find practical ways to link students’ interests and identities to 

externally defined goals for learning (i.e., standards). Some methods for supporting 

individualized pathways are too time intensive, and teachers experience tension when trying to 

meet standards that link to student interests and community priorities (Kapon & Merzel, 2019; 

Morales-Doyle et al., 2019). For this reason, our workshop highlights strategies for group 

personalization (Walkington & Bernacki, 2014) that are feasible to implement and consistent 

with the goal of promoting science learning as a collective enterprise. These include surveys of 

student interest that can be used to select phenomena and problems that all students will address, 

as well as visualization tools to help teachers see and act on patterns of student experience in 

their classrooms (Penuel & Watkins, 2019). The workshop also includes guidance for 

personalization grounded in social psychological studies showing that asking students to reflect 

on the relevance of lessons can enhance interest in lessons (e.g., Hulleman & Harackiewicz, 

2009). 

Several strategies also have been tested for enhancing students’ practice-linked identities, 

which can be incorporated into both learning and assessment tasks. One key strategy is to make 

connections to the knowledge, goals, and practices valued by students’ communities (Nasir, 

2002). This strategy can be effective, because it supports their sense of belonging and helps them 
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see connections between community values and the learning setting. Another strategy is to re-

position students as “epistemic agents” within the classrooms, that is, as bearers of knowledge 

and expertise (Miller et al., 2018), which can help open students to opportunities presented by 

teachers (Lee & Reeves, 2012). Other strategies include eliciting and connecting to place-based, 

social, and cultural dimensions of students’ identities that are important to them (Esteban-Guitart 

& Moll, 2014; Kang & Furtak, 2021; Llopart & Esteban-Guitart, 2017). 

Supporting Teacher Learning through 5D Task Design 

In our professional learning, we prepare teachers to engaged in a process of principled 

assessment design, as outlined in Knowing What Students Know (National Research Council, 

2001). Such a process begins by defining the constructs to be assessed identifying the kinds of 

situations and tasks where evidence of student understanding may be observed, and specifying 

how such evidence is to be interpreted to draw inferences about student learning (Messick, 

1994). Accordingly, the course’s flow reflects this process, beginning with an analysis of 

standards and identification of questions to elicit understanding of students’ communities. Once 

teachers have analyzed the standards, they identify candidate phenomena and design challenges 

that, if explained or solved by students, would require use of the 3Ds targeted in a single 

standard, while also potentially connecting to matters of concern to students and their 

communities, develop and administer a survey to students to identify which are most likely to be 

interesting to them, and then develop prompts to elicit student understanding of the 3Ds for the 

phenomenon or challenge they select. Teachers use the analysis of standards to develop scoring 

guides for prompts, so that they can draw inferences of students’ mastery of performance 

standards, as well as questions that ask students to report directly about the success of a task in 

connecting to students’ lives. 
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The approach we take to principled assessment design is grounded in a sociocultural 

theory of learning that is consistent with the model of science learning we are seeking to support. 

Sociocultural theory views learning as the transformation of participation in valued sociocultural 

activities that are themselves changing (Holland & Lave, 2009; Lave & Wenger, 1991; Rogoff et 

al., 1995; Rogoff et al., 2007). Participation in sociocultural activity necessarily involves more 

than simply acquiring knowledge; it involves processes of identification that, in turn, present 

opportunities for participants to become certain kinds of people in activity (Lave & Wenger, 

1991). A sociocultural theory applied to assessment design emphasizes the need to elicit and 

support students’ navigation between disciplinary and everyday ways of knowing and engaging 

in practice, and calls for tools that can help connect students’ interests and identities to 

curriculum and strengthen relationships between teachers and students (Bell, 2019; Penuel & 

Shepard, 2016b). A call for such a focus on assessment appear in Designing Assessments of the 

Next Generation Science Standards (National Research Council, 2014), “A potential focus of 

classroom assessment at the outset of instruction is to elicit students’ interests and experiences 

that may be relevant to the goals for instruction” (p. 127). 

A final principle underlying our approach is the idea that engaging teachers in adaptation 

and design activities is a powerful context for promoting teacher learning. As compared to 

having teachers design new tasks or sequences of learning from scratch or asking them to 

implement existing materials “as is,” adaptation supports improvements to both practice and 

student learning (Penuel et al., 2011). Task adaptation in the context of professional learning 

(PL) is a powerful tool for learning, because it provides for teachers models of tasks that reflect 

desired qualities, as well as the authority to tailor tasks to local classroom contexts in ways that 

build teacher buy-in and ownership (Penuel et al., 2017; Remillard, 1999; Voogt et al., 2011). As 
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teachers become more skilled, engaging them in more expansive design—involving in this case 

the selection of phenomena and problems to anchor tasks, may be beneficial, because it helps 

them see underlying principles and criteria for selection that they can apply to tasks developed 

on their own (Penuel, Reiser, et al., 2018; Severance et al., 2016). Further, supporting teacher 

involvement in design within ongoing research-practice partnerships, as enacted within this 

project, has the potential to support collaborative learning between researchers and teachers, as 

they struggle together to overcome challenges related to the task of developing assessments 

aligned to the Framework (Kang & Furtak, 2021). 

Methods 

We conducted two concurrent design studies over two years to iterate upon a professional 

learning workshop designed to support teachers in developing assessments that elicit 

understanding of 3D science standards. Our primary research question across the two design 

studies was: How can engaging teachers in task adaptation and design build teachers’ capacity 

to create tasks that reflect the vision of A Framework for K-12 Science Education? 

In each version of our 20-hour workshop series, spread over three days, teachers first 

adapted tasks by developing prompts (items) to elicit student understanding of the 3Ds for a 

scenario (a rendering of a phenomenon or problem) we provided them, then had the opportunity 

to design their own, using a suite of tools for integrating SEPs and CCCs and following an 

evidence-centered design process we outlined for them. In what follows, we describe the general 

structure of the professional learning workshop series that took place, as well the iterations that 

were made between design studies and our method for analyzing growth in teachers’ ability to 

develop assessments aligned to the vision of the Framework. 
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Description of the professional learning workshop Series 

The principal aim of the workshop series was to provide teachers with opportunities to 

use a structured process and set of tools for designing 3D assessments to create their own 

assessments. Below we outline the general structure of the initial design of the three-day 

workshop series; later in the paper, after presenting an overview of findings from the first design 

study, we describe revisions made after the first iteration on the series at the conclusion of the 

first design study. 

The first day of the workshop focused on task analysis and adaptation. First, teachers 

developed and refined a set of criteria for what makes for good assessments that elicit students’ 

integrated understanding of the 3Ds of science proficiency outlined in the Framework. Next, 

they analyzed a set of tasks that varied with respect to their dimensionality, but that were 

supposed to target the same performance expectation (Stromholt, 2017). They looked at a 

separate model 3D assessment that had been peer reviewed using a task screener developed by 

Achieve, Inc. (2018), and further refined criteria for good 3D assessments. Then, each teacher 

was given a scenario identified by the research team for educators as a potentially viable means 

for assessing a standard that teachers had selected to assess, and then they were invited to 

develop a complete multi-component, 3D task. To support prompt development around the SEPs 

and CCCs, we provided two scaffolds: the Science and Engineering Practices Task Formats tool 

(Van Horne et al., 2016) and the Prompts for Integrating Crosscutting Concepts into Assessment 

and Instruction tool (Penuel & Horne, 2016). They shared their assessments with each other and 

analyzed the cognitive demand of their assessments using Appendices F and G of the NGSS, 

which describe grade-band expectations for the practices and crosscutting concepts. 
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The second day of the workshop focused on developing scoring guides that attended to 

specific aspects of standards that had been “unpacked” by the research team and by teachers 

(Krajcik et al., 2014). During the workshop, participants examined an existing task, the task’s 

scoring guide, and student work to iteratively develop claims about how the task could help 

teachers make conclusions about what students knew and could do and suggest revisions to the 

provided scoring guide. These activities were intended to help provide a basis for revising the 

task and developing scoring guides that attended to component ideas from performance 

expectations that were evident in student responses. Next, participants had the opportunity to 

work on a new assessment, again using the two key scaffolds for integrating SEPs and CCCs. 

The third day of the workshop focused on scenarios, exit tickets, and task analysis. To 

help teachers learn about phenomenon selection for assessments, we engaged teachers in 

comparative analysis of different scenarios, and then worked to identify strategies for selecting 

phenomena for tasks that would require the use of disciplinary core idea components to explain. 

Next, participants had a chance to practice with our scaffolds to design exit tickets for an 

upcoming lesson. With respect to exit tickets, educators were introduced to prompts to elicit 

students’ understanding of an individual lesson’s DCIs and SEPs, as well as the student 

experience of the lesson (Penuel & Watkins, 2019). Finally, participants collectively self-

assessed their growth in understanding of 3D assessments. 

Analytical Methods 

To analyze the effectiveness of the professional learning workshop on supporting 

teachers’ ability to develop 3D assessments, each study included two conditions: one in which 

teachers experienced a workshop, and one where they were given tools to support assessment 

design to use on their own. We had 12 participants in the first design study (6 in workshop 
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condition, 6 On your own condition) and 13 participants (4 in workshop condition, 9 On your 

own condition) in the second design study. We collected teacher-designed assessments before 

and after the workshop series and interviewed participants at the end. Teachers submitted 

assessment tasks and scoring guides prior to and after using the provided scaffolds and/or 

professional learning. When submitting each assessment task, teachers explained the 

assessment’s goal, which could involve assessing a particular content area or performance 

expectation. In this paper, we focus on the growth and persistent challenges of teachers who 

participated in workshops. 

We developed a rubric to assess the extent to which teachers designed 3D assessment 

tasks that involved students using important DCIs, SEPs, and CCCs in an integrated way to 

explain a phenomenon or solve a problem (see Appendix A and Penuel, Lo, et al., 2019). The 

rubric has five categories aligned with key features that were the focus of the professional 

learning: 

● Category 1: Appropriateness of the scenario. This category assessed the authenticity of 

the problem or phenomenon for students to figure out and the extent to which students 

had the opportunity to make sense of information from the scenario and apply what they 

had learned in class to complete the assessment tasks. In addition, we assessed whether 

students had the opportunity to demonstrate their understanding using modes other than 

words. From an equity perspective, using multiple modes to demonstrate understanding 

enhances the assessment’s accessibility to a range of learners (Achieve, 2018). 

● Category 2: Disciplinary core ideas (DCIs). This category examined the extent to 

which the assessed content ideas, both stated explicitly by the teacher and those assessed 
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in the assessment task, were aligned with DCI elements found in the NGSS and were 

grade-band appropriate. 

● Category 3: Science and engineering practices. This category examined whether the 

teacher created grade-band appropriate opportunities for students to engage in the SEPs 

to complete the tasks that contributed toward achieving the assessment goal. 

● Category 4: Crosscutting concepts. Similar to Category 3, we assessed opportunities 

for students to use crosscutting concepts to achieve the assessment goal. 

● Category 5: 3D integration. This category examined the overall coherence of the 

assessment task, which included the extent to which the assessment items were connected 

to explaining the target problem or phenomenon, and whether completion of assessment 

items required integrated or discrete use of the three NGSS dimensions. 

We used our rubric to identify successes and challenges that teachers faced as they 

designed 3D assessment tasks. In what follows, we synthesize the successes and the challenges 

across both design studies and discuss how we applied what we’ve learned to develop a revised 

25-hour professional learning course that not only supports teachers in developing assessment 

tasks that provide evidence of 3D learning, but also makes explicit how to do so in ways that 

engage student interest and identity. 

Findings 

In this section, we present a selection of findings from each design study, paying close 

attention to teachers’ design and use of scenarios that present a phenomenon to students, and the 

design of prompts to allow students to use their 3D science learning to explain the phenomenon 

presented to them.   
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Findings from the First Design Study 

In the first design study, the degree to which assessments created by teachers and 

submitted to the research team embodied the vision of the Framework improved modestly from 

pre-workshop to post-workshop. In both areas of focus for the current study—use of phenomena 

and integration of the 3Ds—scores on our rubric improved. 

Growth and Challenges with Respect to Use of Scenarios 

An area of growth across the sample of teachers in the workshop was the use of scenarios 

in which teachers described a phenomenon to be explained. Where before the workshop, teachers 

presented assessments that were a series of questions presented to students, their revised 

assessments began with a phenomenon.  

At the same time, teachers found it challenging to develop scenarios that supported 

students in using the DCIs and engaging in the SEPs learned in class to answer prompts on the 

assessment. For example, a teacher created an assessment whereby students could piece together 

an explanation using information directly obtained from the assessment. This assessment did not 

require them to use what they had learned already in conjunction with information presented in 

the scenario to explain a phenomenon.   

In addition, identifying what was “at stake” for students in figuring out phenomena was 

not always clear; that is, the phenomena were not clearly “problematized” (Reiser, 2004). 

Teachers often designed scenarios that involved straightforward solutions that did not require 

students to use the 3Ds to make sense of the evidence or have opportunities to decide between 

viable solutions. These findings highlighted the need for greater attention to the students’ 

perspective to consider how to develop scenarios that engage and invite students to wonder and 
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create authentic contexts for students to use the 3Ds to engage in figuring out science ideas and 

practices.  

We also found that even after the workshop, teachers presented scenarios and gave 

students opportunities to respond to prompts in a limited range of modalities. The most frequent 

modes were written responses and constructing diagrammatic representations of one’s ideas, 

which included models or graphs. 

Growth and Challenges with Respect to Eliciting Use of the 3Ds of Proficiency 

One area of growth in the first design study was identifying a 3D performance 

expectation that was to be the target for the assessment. While at the beginning of the study, few 

identified a target from the NGSS three of four teachers in the workshop did at the end of the 

study. Further, we saw evidence that the identification of the performance expectation 

“bootstrapped” teachers’ uses of two (SEPs and CCCs) of the 3Ds in prompts and scoring 

guides.  

Teachers experienced some struggles related to constructing coherent assessments that 

were connected to the scenario, a key dimension of 3D integration. Most teachers were 

successful in creating assessment items that were topically related to one another, such as having 

questions that are related to natural selection or energy. However, there were challenges with 

creating assessment items that were explicitly connected to the assessment scenario and 

contributed towards answering the overarching question posed by the scenario. For example, in 

an assessment that asked students to explain how it was possible for all the human body’s 

elements to come from stars, students were expected to use data to graph the general relationship 

between the mass of an atom and the temperature required to produce it in a stellar fusion 
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reaction. However, students were not required to use this derived relationship to explain how this 

relationship would contribute to their understanding of the broader phenomenon. 

In addition, teachers struggled with developing prompts and scoring guides linked to the 

specific elements of the dimensions targeted in the NGSS. Teachers’ scoring was generally one-

dimensional and focused on the DCIs. Further, the prompts and scoring guides often missed key 

components of those DCIs. For example, in an assessment explaining why whale size is limited, 

students explored ideas related to homeostasis (LS1.A) and how particular adaptations helped 

regulate an organism’s body temperature. However, central to the elements of the DCI involved 

students understanding the role that feedback mechanisms played in this process, an aspect of the 

DCI element that was not present in the assessment. One possible explanation is that teachers 

were focused more on identifying performance expectations that were related to the desired 

content focus rather than using the DCI elements identified by the target PE to guide the 

assessment design.  

Across both pre- and post-workshop assessments, teachers wrote assessments and scoring 

guides that required use of elements of the 3Ds that were often below grade-band as specified in 

targeted performance expectations. For example, when using the crosscutting concept systems 

and system models, high school students were asked to examine components and relationships 

within systems rather than between systems, as called for in the standards. When using the CCC 

of cause and effect, students often were not required to distinguish between cause and 

correlation. 

Revisions Made Between First and Second Design Study 

In light of what we learned from the first design study, we made modifications that we 

describe below. Of note, these initial revisions focused principally on improving alignment to 
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targeted standards, which was one of the areas with which teachers struggled the most, along 

with writing prompts where students had to use all 3Ds to make sense of phenomena presented in 

scenarios. 

Emphasis Given to Standards Alignment  

In the revised workshop design, we provided more time for teachers to analyze the key 

components of a common performance expectation and discuss what it would mean for a student 

to master it. In addition, they engaged in discussions about where they stood with respect to 

some key tradeoffs that 3D assessment developers have identified, as well as some common 

conceptions about the NGSS (see Furtak & Penuel, 2019). Both activities, which took place in 

the initial hours of the workshop, were intended to signal the importance of standards alignment 

to teachers and make visible design choices related to standards when developing assessment, 

which was a challenge we identified as persistent for teachers. 

Later in the workshop, we incorporated additional support for teachers in using their 

performance expectations analyses to develop an initial scoring guide for a provided assessment. 

Participants first identified prompts might elicit a facet or component of understanding 

(Minstrell, 1992) from the analysis of the performance expectations and then assigned point 

values to the desired responses. The goal of this activity was to help teachers map their specific 

prompts to opportunities to elicit understanding of the performance expectations and, if they 

found that a prompt was not adequate for eliciting any aspect of the standard, to revise their 

prompt. We emphasized the importance of scoring for all 3Ds as well, since teachers in the first 

iteration of the workshop tended to focus on DCI elements only. 

Use of Different Tasks in Task Analysis  
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In the second design study, we asked participants to analyze two extended tasks that had 

been rated and annotated as part of Achieve, Inc.’s Task Annotation Project in Science (TAPS; 

Achieve, 2018). As part of this project, a group of educators and researchers developed and 

applied a rubric for rating the quality of 3D assessment tasks to a set of tasks submitted by 

several research groups from across the country. The tasks chosen for our professional learning 

workshops both met initial screening criteria for alignment to the vision, including the fact that 

both were scenario-based, multi-component tasks. At the same time, the tasks varied in quality, 

specifically with respect to their alignment to targeted standards. 

We chose these tasks for three key reasons. First, in contrast to the sets of tasks used in 

the past that included mostly “one-dimensional” assessments, both of these provided models that 

teachers could emulate to show how students might use the 3Ds to explain a phenomenon 

presented in an assessment scenario. Second, the variability in standards alignment facilitated a 

discussion of standards alignment, which as noted above, we sought to emphasize more in the 

professional learning workshops. Third, the tasks could be reviewed on their own, and because 

they included annotations from experts, teachers could see what others noticed as salient features 

of tasks. In this way, we sought to leverage findings from other studies of teacher noticing that 

suggest a key aspect of noticing is learning how to make specific connections between classroom 

tasks and broader principles or ideas (Sherin & van Es, 2005). 

Formalizing Feedback as a Component of the Intervention  

As part of the first design study, we provided feedback on assessments in both conditions. 

The feedback to participants took the form of qualitative comments that were based on the 

research rubric created to analyze assessment quality for the study. In addition, the professional 

learning group received feedback during the workshop on assessments in progress from members 
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of the research team, in the form of suggestions for improving different aspects of their tasks, 

from alignment to elicitation of science and engineering practices. 

Findings from the Second Design Study 

As in the first design study, the quality of assessments improved for both groups, 

particularly in the use of scenarios and success in developing assessments that integrated all 3Ds. 

And while teachers were responsive to changes made, some challenges persisted among the 

teachers, particularly with respect to the use of elements of targeted performance expectations of 

all 3Ds in task prompts and scoring guides. 

Growth and Challenges with Respect to Use of Scenarios 

As in the first design studies, there was significant growth among teachers who 

participated in the workshop with respect to their use of scenarios to anchor assessments. One 

teacher, for example, submitted as a pre-workshop assessment a test that consisted entirely of 

multiple-choice questions and constructed response items that were not connected to any 

scenario. Both post-workshop assessments this teacher submitted included scenarios, and each 

made clear especially what was “at stake” for students to address. In one task, which targeted 

students’ ability to plan and carry out an investigation using information about the structure and 

properties of matter, as well as electrical charges at the atomic scale (HS-PS1-3), students were 

asked to help a group of engineers design a robot that could investigate pollution in underwater 

pipes by “gliding” across the water like water striders, without breaking the surface of the water. 

The scenario explained that students were going to plan an investigation after considering how 

the properties of both water and the striders’ legs could help them stay on top of the water and 

evaluating whether other liquids with different kinds of bonds might be able to support the 

robots. Just as with this teacher, the scenarios made clear to students what was important to 
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figure out and included authentic data. One assessment adapted data from a published scientific 

study that they had found (Puinean et al., 2010). 

A challenge that persisted from pre-workshop to post-workshop—as in the first design 

study—was that most participants did not present the scenario or invite student responses using 

multiple modalities. Three of four teachers presented scenarios using words only. These 

suggested to us the need for more explicit attention to multimodality in assessments. 

Growth and Challenges with Respect to Eliciting Use of the 3Ds of Proficiency 

As in the first design study, there was an increase in the use of all three NGSS 

dimensions within teachers’ tasks from pre-workshop to post-workshop. More teachers were able 

to design tasks that were tied explicitly and in a manner that could be coherent to students to the 

overall scenario. For example, in the above assessment about water striders, students had to 

generate explanations of macro-scale, observable phenomena presented (surface tension that 

allows striders to float on the water) in terms of intermolecular forces present in the water. In 

addition, they were asked to reflect on whether the temperature of the water would matter for 

whether the robot would work, using what they know about how a change in temperature can 

cause a change in surface tension. In these prompts, students were asked to engage in using the 

3Ds in a way that was connected to the larger design problem they were tasked with solving. 

At the same time, some challenges with respect to use of the 3Ds that we identified that 

teachers faced in the first design study persisted. Teachers still struggled to match assessments to 

grade-level expectations and to targeted pieces or elements of the 3Ds in targeted performance 

expectations. As an example, in a post-workshop assessment focused on natural selection, 

students were asked to reason about how insecticide resistance affects the survival of peach 

potatoes. Students examine data from a scientific study as part of the assessment, and the data 
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shows variation in the thickness of cuticles, along with a pattern showing a correlation between 

cuticle thickness and insecticide penetration. But the assessment does not ask students to 

consider how natural selection may be at work in the scenario, nor do the data allow students to 

distinguish between cause and correlation. Nor are students asked to engage in argumentation 

where students defend an argument against alternative explanations. All three of these would 

have been necessary aspects of student understanding to elicit, to align with the targeted 

performance expectation. 

Further Re-Design of the Professional Learning Experience   

Our study findings suggest the need for further refinements to our professional learning 

workshop, to support the larger vision of supporting educators in developing a practice of 5D 

teaching and assessment. For one, we identified persistent challenges in presenting phenomena in 

ways that enable students to use different modalities for expressing what they know and can do. 

Broadening the range of ways students can express their ideas in assessments is key for 

developing assessments that connect to students’ identities in meaningful ways (Fine & Furtak, 

2020; Taylor, 2022). More generally, we recognized the need to interweave more explicitly 

throughout the professional learning experience how engaging student interest and practice-

linked identities can be a vehicle for supporting more equitable assessment practices. Second, we 

saw the need for more support to help teachers design assessments and scoring guides that 

considered all 3Ds in an integrated fashion, and in ways that focus on targeted elements at the 

appropriate grade levels. That is, we see persistent challenges to alignment that are always 

present when designing assessments, and that require explicit methodologies to address (Herman 

& Webb, 2007). Third, we see the need to provide more explicit scaffolds to help teachers select 

their own phenomena and problems for assessment, if they are to develop greater autonomy in 
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designing assessments for their classrooms. Our conjecture is that by making explicit this process 

of phenomenon selection—which typically requires a deep “unpacking” of standards, generation 

of multiple ideas, and gathering of data from students about how compelling a phenomenon is to 

them (Penuel, Bell, et al., 2018)—could help not only develop their skill further, but also address 

some of the persistent challenges of developing assessments aligned to standards.  

Research on formative assessment in science and other disciplines (e.g., Black & 

Harrison, 2001; Kluger & deNisi, 1996; Penuel & Shepard, 2016a; Ruiz-Primo & Furtak, 2007) 

suggests that our professional learning workshops also needed to go further in considering how 

assessments could inform teaching and support student learning. For example, to the extent that 

we want improved assessment practice to help catalyze changes to teaching, we need to help 

teachers conceptualize the purpose and role that performance-based assessments played in 

classroom teaching. In addition, we need to provide more guidance on how to provide feedback 

to students on how to improve their students’ understanding. Although it has always been an 

important goal for our work, we recognized the opportunity to use this course to promote broader 

shifts in classroom practices -- to consider how we can use professional learning grounded in 

assessment to drive shifts in instruction.  

Noting the ambitious nature of our work and with new support from the National Science 

Foundation (DRL-2010086), we transformed our 3-day workshop series into a 25-hour online 

professional learning course that took place during nine, 2.5-3 hour sessions spread across three 

months. The course was first taught during Fall 2022 with eleven rural, secondary science 

teachers: three middle school science teachers and eight high school science teachers. The course 

was designed to be online to allow teachers, who may not have access to in-person professional 

learning, to have access to high-quality professional learning. Teaching the course after school 
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allowed teachers the ability to practice what they learned from the course in their own teaching 

and provide opportunities for teachers to receive feedback from instructors and peers. Teachers 

were grouped by grade level and content area to allow teachers to collaborate and provide 

feedback on one another’s work. 

We designed three sets of lessons to address lessons learned from our design studies. 

Each lesson set was guided by the investigation of questions and use of tools to support teacher 

learning and address challenges identified our design study: 1) What does 5D teaching look 

like?, 2) How can we use phenomena to frame instruction and assessment?, and 3) How can we 

develop and use tasks to assess student understanding? Because a key goal was to address the 

need for a closer integration of assessment with teaching, we chose to devote the first two lesson 

sets to developing a 5D vision for designing phenomenon-driven instruction and assessment 

opportunities before pivoting explicitly in the third lesson set to strategies for designing 

assessments. We intentionally used examples from freely-available, high-quality phenomenon-

driven instructional materials to allow teachers who desired to implement such an approach in 

their classroom the ability to do so. Although we are not explicitly supporting how to use these 

materials to support shifts in classroom instruction, we are collecting data to analyze what shifts 

in classroom instruction do occur as a result of our work in motivating the need for phenomenon-

driven instruction that is guided by their understanding of the 3D standards and student interest 

and identity. This first lesson set also allowed us to provide teachers with alignment 

methodologies that focused not only on identifying elements of each of the three science-specific 

dimensions of the NGSS, but also interest and identity as co-equal dimensions that required their 

attention when designing instructions and assessment opportunities. 
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As in the previous professional learning, teachers practiced what they had learned to 

develop an assessment that they administered to their students. In the revised course, the 

development of this assessment was scaffolded throughout the course, involving teachers 

unpacking the targeted 3D standard for their assessment and going through the steps of 

developing components of their assessment throughout the course before administering it to their 

students. Thus, more time and opportunities for feedback were provided to teachers throughout 

the assessment development process. Table 1 describes the questions that guided each lesson set 

in our revised design, the learning goals, and how the lesson set was designed to address 

identified challenges. We conclude with a discussion of how these findings support a vision of 

equitable assessment practices. 

Table 1 
Course Revisions and Rationales 
Questions Learning Goals How addressed challenges 

Lesson Set 1: What does 5D teaching look like? 

● What does meaningful 
science learning and 
performance look like?  

● How do we currently 
attend to the 5Ds in our 
instruction? 

● What guidance do the 
standards provide for 
designing 5D instruction 
and assessment 
opportunities? 

● Develop an explicit 
understanding of 
components of the 5D 
vision 

● Understand how 
phenomenon-based 
instruction can support 
our vision of meaningful, 
5D science learning 

● Identify and understand 
how to use resources to 
inform design of 5D 
learning opportunities 

● Develop integrated vision 
for use of 3Ds and engaging 
student interest and 
identities to explain a 
phenomenon. 

● Unpack performance 
expectations to the 
elemental level to examine 
what is distinct at grade-
band and what it means for 
students to demonstrate 
understanding of these key 
understandings. 

Lesson Set 2: How can we use phenomena to frame instruction and assessment? 

● How do we choose 
phenomena to frame 
instruction and 
assessment? 

● Identify criteria for 
choosing productive 
phenomena for 5D 
learning opportunities. 

● Design assessment 
scenarios that present 
authentic situations that 
problematize the need to 
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 use the 3Ds to make sense 
of the phenomenon and 
apply what they have 
learned in class. 

Lesson Set 3: How can we develop and use tasks to assess student understanding? 

● How do we write 
prompts that create 
meaningful opportunities 
for students to use the 
5Ds to figure something 
out? 

● How can we make sense 
of what students have 
learned and provide 
meaningful feedback? 

● How can we support 
diverse sensemaking 
using assessments?  

● Understand how to use 
criteria and tools to 
develop accessible 
prompts for explaining 
assessment scenarios. 

● Understand how to use 
student work to identify 
the incremental build of 
students’ 3D 
understanding. 

● Identify ways to make 
assessments more 
accessible and better 
support diverse 
sensemaking 

● Teachers develop tasks that 
include opportunities to 
integrate students’ use of 
the 3Ds. 

● Develop rubrics to provide 
feedback aligned with 
desired 3D outcomes. 

● Teachers explicitly consider 
ways to enhance the 
accessibility of their 
assessments. 

 

Lesson Set 1: What does 5D teaching look like? 

In this lesson set, participants co-develop a vision for meaningful science teaching and 

learning that involves students engaged in “figuring out” authentic science situations that are 

relevant to students’ lives. They engage in a series of activities designed to iterate upon this 

vision and motivate features of the 5D vision that can be made explicit to teachers later in the 

lesson set. First, teachers evaluated the suitability of various scenarios, such as preventing 

wildfires or identifying sustainable ranching and farming practices, for supporting their vision 

for meaningful science teaching and learning. Next, teachers engaged in learner hat experiences 

and watched videos of actual classrooms to see how phenomenon or problem-drive instruction 

could support their co-developed vision for meaningful science learning. Teachers used the 

language from the Framework to outline a vision for 5D teaching and learning and consider how 
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the 5Ds were evident in the classroom video that they watched. By providing learner experiences 

that help teachers to recognize the value of attending to these dimensions before naming them, 

we hoped to better support meaningful use of these dimensions so that teachers could not only 

describe what these dimensions were, but also how and why attending to them in instruction and 

assessment could enhance student learning. For teachers who were new to the NGSS or 

Framework-aligned instruction, these activities provided the opportunity for teachers to explore 

the value of phenomenon-based instruction and how it could be used to develop the targeted 3D 

understandings in ways that engage student interest and identity. 

We motivated the need for teachers to explicitly collect information about their students 

so that they can design instruction that can engage student interest and develop practice-linked 

identities in students when designing instruction and assessment opportunities to meet the 

targeted 3D learning goals. Through the distribution and analysis of the Student and Community 

Interest Inventory (see Appendix B), teachers solicited information about their students’ 

communities and students’ interests and ideas about using and doing science, both in school and 

in their everyday lives. This tool was not designed to limit teachers’ design choices to students’ 

immediate interests, but to provide them with insight about their students to develop potential 

entry points for motivating interest to issues that move beyond individual or local relevance, and 

to consider the relevance of regional or global issues. 

Having analyzed input from students’ interests, the class shifted to analyzing the 3D 

standards in the NGSS or their state’s standards that would ground the development of students’ 

5D learning opportunities. This sequence was intentional to ensure that teachers were thinking 

about their students’ interests, identities, and experiences when conceptualizing what it would 

mean for students to demonstrate these targeted understandings and how they might build upon 
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students’ prior experiences. In light of the challenges that teachers faced with developing 

assessments that attended to the standards at the elemental level and provided grade-level 

opportunities for students to use the DCIs, SEPs, and CCCs, we developed an unpacking tool 

(see Appendix C) to support teachers in conceptualizing what it would mean for students to 

engage in each dimension both individually, but also in the context of its use with the other 

dimensions when demonstrating the performance expectation. To help teachers to better attend to 

the distinctions of what is expected at the appropriate grade-band level, we created spaces for 

teachers to use the NGSS Appendices and the Framework to describe what the dimension or 

element looked like at earlier and later grade-bands to help teachers clarify the aspects of DCIs, 

SEPs, and CCCs that they are responsible for developing and assessing. We model how to 

engage in the unpacking process in an iterative way, both through unpacking common PEs 

before unpacking a PE of their choice, to ensure that teachers develop a common understanding 

of why unpacking is important and the considerations that are needed when unpacking.  

In addition, teachers considered students’ prior experiences, the questions their students 

might have about the targeted understandings or examples of real-world phenomena or problems 

that they might leverage when designing instruction and assessment opportunities to ensure that 

they are continuously thinking about engaging student interest and identity as dimensions that 

are interwoven and co-equal with the NGSS dimensions. Taken together, this approach to 

developing instruction and assessment opportunities is potentially more equitable, as we are 

building upon what students have learned in the past to ensure grade-level appropriate 

understandings, while thinking about productive contexts for building upon students’ prior 

experiences. 
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Lesson Set 2: How can we use phenomena to frame instruction and assessment? 

Although teachers have experienced phenomena in Lesson Set 1, we shifted towards co-

developing explicit criteria that can be used when choosing phenomena that can not only support 

students in developing the target 3D learning, but also in ways that engage and sustain student 

interest and create authentic context for students to use the 3Ds to figure out a phenomenon. To 

do so, we clarified our understanding of what phenomena are and what they are not and 

brainstormed criteria that are important to consider when choosing phenomena that will engage 

our students’ interests and support them in figuring things out. Throughout this lesson set, we 

used examples of phenomena from a high school biology unit that allowed us to see the 

characteristics that phenomena need to embody if they are used to either anchor a unit of 

instruction, support students in investigating key idea, and provide an opportunity for students to 

demonstrate what they had learned in the context of an assessment. For example, all phenomena 

should involve puzzling observations and invite students to use the 3Ds to explain the 

phenomena. However, the time needed to authentically make sense of the provided assessment 

data should be scaled back, yet still invite wonder as to ensure that students feel like they are still 

authentically engaged in using the 3Ds to figure out the phenomenon. 

To iterate upon these characteristics, we used them to evaluate the suitability of example 

assessment scenarios for supporting 5D learning opportunities using information from their 

student and community interest inventories and the alignment of potential explanations to the 

target 3D standards. Assessment scenarios involve the presentation of the phenomena or 

problems to be explained, which may involve information or data and the question that motivates 

students to use the 3Ds to make sense of the phenomenon. Follow-up prompts would then 

scaffold and support the explanation of that phenomenon or problem. Teachers worked in small 
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groups to consider revisions to these assessment scenarios to better align them with our 5D 

vision. Preparing teachers to adapt existing assessment scenarios is an important step to allow 

them to use existing resources as sources for phenomena. 

Our design study data showed that teachers find it challenging to choose appropriate 

phenomenon and problems for sensemaking, to not only ensure that the desired 3D learning 

outcomes align at the element level and grade level expectations, but also that the phenomenon is 

presented in such a way that students are invited to wonder about the phenomenon and create 

authentic contexts for which students use the 3Ds to figure out the phenomenon, rather than have 

a straightforward response requiring little deliberation. To better prepare teachers for choosing 

appropriate phenomenon for both instruction and assessment, we developed a Choosing 

Phenomenon Tool (see Appendix D) that formalized the use of criteria for vetting candidate 

phenomena and choosing appropriate data or information to make visible the observations to be 

explained and how students will use the targeted 3D elements to make sense of the phenomenon. 

This tool supported meaningful use of the criteria because the course activities supported 

teachers in going through these steps, so teachers were familiar with how to do it and why they 

were important. Teachers practiced using the tool with common examples before using it to 

develop new assessment scenarios for a PE of their choice. 

It is important to note that most of what is learned in the first two lesson sets could be 

applied to help teachers choose phenomena to develop 5D learning opportunities for both 

assessment and instruction. Although the final product that is developed through this course will 

be an assessment, we hope that teachers will recognize the importance of needing to revise their 

classroom instruction to align with the expected performance on their assessments. In addition, 

we hope this will better support teachers in recognizing how the designed assessments need to 
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create opportunities for students to apply what they had learned in class to make sense of the 

assessment scenarios rather than creating an authentic 3D performance task. 

Lesson Set 3: How can we develop and use tasks to assess student understanding? 

Lesson Set 3 is focused on developing the prompts that will scaffold students’ use of the 

3Ds to make sense of the assessment scenarios developed at the end of Lesson Set 2. In our 

design study, we recognized that teachers often had challenges using the provided tools to 

develop prompts that invited students to use the 3Ds in integrated ways. Oftentimes, they would 

use the provided SEP Task Formats and CCC Prompts tools to develop unidimensional prompts 

that resulted in opportunities to use the 3Ds individually, but not necessarily together to reflect 

the true vision of the 3D standard. 

In the revised course, we invited teachers to revisit the targeted 3D elements and engaged 

in visioning work to consider how these dimensions could work together to support students in 

explaining the phenomenon or solving the problem. Teachers then used a newly developed 

Prompt Development Tool (see Appendix E) that invited teachers to use the previously 

developed tools (SEP Task Formats and CCC Prompts tools) to provide example language that 

teachers could build upon in their assessments. Teachers worked in small groups to develop 

integrated prompts for example scenarios with which teachers had experienced in previous 

lesson sets before applying what they learned to develop assessment prompts for an assessment 

that they would administer to their students. It is important to note that it was intentional for 

teachers to engage in this 3D visioning work before introducing the tools. Since the tools 

provided uni-dimensional prompts, we did not want teachers to use the tools in isolation without 

considering the bigger picture for how these prompts could be synthesized or used in concert 
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with one another to develop assessment opportunities that supported integrated use of the 3Ds 

and engaged student interest and identity. 

As before, teachers developed assessments that they administered to their students. There 

was a month between sessions to ensure that teachers had sufficient opportunity to develop and 

administer the assessment to ensure that the assessment was framed in a unit of instruction that 

was aligned with the targeted 5D vision. In addition, teachers had the opportunity to receive 

feedback from a course facilitator during this time. To complement the student and community 

interest inventory that teachers administered earlier in the year, teachers administered a Student 

Assessment Experience Survey (see Appendix F) to their students to ascertain the extent to 

which students felt prepared to complete the 3D assessment and whether they were engaged and 

felt as if they were positioned to be a knower, doer, and user of science. 

After administering the assessment to their students, teachers brought examples of 

student work and the results of the Student Assessment Experience Survey to evaluate how well 

their designed assessments aligned with the 5D vision and met the target 3D learning goals. 

Teachers engaged in a process of developing a rubric based on student work to examine desired 

responses with respect to the 3Ds and to consider how the rubric could be used to provide 3D 

feedback to students. Teachers then applied what they learned to revise their assessments and 

scoring guides. It is important to note that teachers felt that this rubric discussion was too late, 

and desired guidance for scoring their designed assessments before administering them. 

Subsequent versions of the course will include opportunities to examine example student work 

from a common example to support teachers in developing their own rubrics before 

administering them to their students. 
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Although equity has been an explicit focus throughout this course, we culminate the 

course by thinking about how we can operationalize this equity vision in the context of our 

assessment design. Up to this point, we have considered one aspect of accessibility in that we use 

information about our students to develop prompts that scaffold students’ use of the 3Ds to make 

sense of phenomena that are engaging to them. Using our student work, we revisit another aspect 

of our assessment design to see the extent to which we can better support opportunities for 

diverse sensemaking. Using a universal design lens (Rose & Meyer, 2002), we use a Supporting 

Diverse Student Sensemaking checklist to evaluate the extent to which we have created diverse 

opportunities to engage students and represent and express student ideas. After evaluating their 

assessments, teachers consider how they might revise their assessments to make them more 

equitable. Although teachers reported that they wished they had this checklist earlier, the 

underpinnings of this checklist had been interwoven in the course. In addition, our prior design 

work showed us that the task of developing 3D assessments, let alone 5D assessments, is a 

sufficient challenge, so we felt that introducing the checklist at the end of the course, after they 

had developed and administered their assessments, would create a more opportune moment for 

teachers to consider this aspect of equity in their assessments. At the end of the course, teachers 

consider how they might apply what they had learned to enhance their instruction and assessment 

practices. 

Discussion 

Our study findings are consistent with many other studies focused on supporting teachers 

in developing their assessment practice, in that we found both areas of growth and persistent 

struggle. For example, we found that engaging teachers in the design of assessments in accord 

with a particular vision for learning could improve the quality of teachers’ designed tasks (cf., 
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Furtak et al., 2018). At the same time, as others have found, the alignment of assessments 

designed by teachers does not always address each of the substantive disciplinary ideas and 

practices targeted in standards or learning progressions (Coffey et al., 2011; Furtak et al., 2018). 

In addition, just as we supported greater attunements to the importance of grounding 

assessments of student learning in meaningful contexts, other projects have demonstrated some 

success in this area as well, while also noting how challenging it can be to recognize and affirm 

students’ diverse modes of sensemaking (Coffey et al., 2005; Kang & Furtak, 2021). In contrast 

to previous studies (e.g., Furtak et al., 2016; Penuel et al., 2017), we did not examine impacts of 

changed practice on student learning outcomes, so we cannot compare our professional learning 

design to those studies. 

Inspired by ways that our own professional learning was less comprehensive than other 

designs that seek to support not only the design but also use of assessments to inform teaching, 

we sought to revise our own designs a third time for our study. Originally, our argument had 

been that a brief workshop could address a practical need for a workshop that could be offered 

within the typical constraints of schools and districts. Indeed, we found that our workshop could 

shift the quality of teachers’ assessment designs, but alignment remained an issue for teachers, 

and teachers were not given the opportunity to design a task from start to finish. Nor were they 

invited to consider interest and identity as co-equal dimensions to the 3Ds of science proficiency 

emphasized in the standards. Thus, when given the opportunity to redesign our course, while we 

remained concerned about the practicalities of the workshop—by offering it online, in smaller-

sized chunks of time—we opted to ground the redesign in a more expansive view of assessment 

in relation to teaching and student interest and identity that was consistent with our own 

commitments and prior research. 
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From our perspective, it is an open question how valuable an extended professional 

learning experience focused on the design of tasks can be. To address the question of efficacy, 

we have just concluded recruitment for an experimental study to test the efficacy of our 

redesigned course against a “business as usual” condition, where half the teachers will be 

randomly assigned to a workshop condition, and half will have access to tools that are at their 

own disposal to design 5D assessments, but not receive professional learning until a later time. 

As in previous studies, we will examine impacts on the quality of teachers’ assessments, but we 

will also look for impacts on instruction and also on how engaged students are by the 

assessments created by their teachers. 

Another open question for us is the larger purpose of professional learning that prepares 

teachers to design assessments that address all five dimensions of science learning we have 

identified. Teachers have remarked to us how intensive the process of design is, particularly 

steps relating to the analysis of standards and choosing phenomena (Lo et al., 2022). It is 

certainly not reasonable to expect teachers to follow the evidence-centered approach experienced 

during the course in full each time they need produce an assessment; rather, we want to use the 

learner experience and tools to help teachers appreciate and understand the vision for learning in 

the Framework and attend to important considerations when developing, selecting, or adapting 

assessments. Of course, such a goal demands that there be more such assessments available to 

choose from, and the supply remains limited. Thus, there is demand for the courses like ours to 

develop teachers’ pedagogical design capacity to create and adapt assessments that align with 

the 5D vision, develop teachers’ practices, and improve student learning (Brown, 2002). 



34 
 

Conclusion 

Projects like ours reveal just how ambitious the vision of A Framework for K-12 Science 

Education (National Research Council, 2012). Where previous standards in science—and nearly 

every other discipline’s contemporary standards—have focused principally on key ideas, the 

NGSS focus on three dimensions that are expected to be supported by teachers in an integrated 

fashion. All 3Ds are also intended to be assessed in a way so as to allow students to use the 

dimensions to make sense of phenomena and problems that are meaningful to them and 

important to their communities (National Research Council, 2014). Assessment is but one aspect 

of practice that must shift to realize the vision of the Framework, though it is an important one. 

Research should continue to explore how best to support educators and researchers working 

together to figure out just how to bring about these shifts. 
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