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Tools for Supporting Teachers to Build Quality 3D Assessment Tasks 

The Framework for K-12 Science Education (National Research Council, 2012) presents a 

vision of science proficiency that emphasizes the need for science education to develop students’ 

understanding of disciplinary core ideas, science and engineering practices, and crosscutting 

concepts in science. The Framework proposes integrating these dimensions to make science and 

engineering more meaningful to students by engaging them in science and engineering practices 

to develop and apply targeted science ideas (Schwarz, Passmore, & Reiser, 2017). This vision is 

embodied in the three-dimensional standards of the Next Generation Science Standards (NGSS 

Lead States, 2013). For all students to meet these new standards, most teachers will need to shift 

instruction significantly, away from teaching discrete facts and toward supporting the 

development of student understanding over time though investigating phenomena and solving 

problems (National Academies of Sciences Engineering and Medicine, 2018). 

The shifts in science teaching and learning must also be reflected in assessments used in 

classrooms. New three-dimensional assessments will require teachers to elicit students’ 

proficiency in using science and engineering practices and applying their understanding of core 

ideas and crosscutting concepts in the context of explaining phenomena and solving problems 

(National Research Council, 2014; Pellegrino, 2013). Further, demonstrating proficiency cannot 

be accomplished through multiple-choice items alone, since these do not require students to 

actively construct and integrate knowledge through engaging in practices in the ways called for 

in the NGSS (Lee, Liu, & Linn, 2011; National Research Council, 2014, p. 6; Nehm, Beggrow, 

Opfer, & Ha, 2012). Needed are multicomponent tasks—that is, tasks with questions linked to a 

common scenario—focused on having students construct explanations of phenomena or solve 
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design challenges (National Research Council, 2014). Such tasks are needed to elicit how well 

students’ reasoning and sensemaking approximates aspects of how scientists and engineers really 

work (Manz, 2015a, 2015b). 

A key challenge for the field is preparing teachers to develop three-dimensional assessment 

tasks for use in their own classrooms. Many teachers’ vision for assessment involves assessing 

isolated facts (or content knowledge) without requiring students to also demonstrate their grasp 

of practices or understanding of crosscutting concepts (Weidler-Lewis, Penuel, & Van Horne, 

2017). Thus, there is a need to support shifts in vision  with respect to what they expect students 

to know and be able to demonstrate on assessments. In addition, there is a need to promote shifts 

in the form  of assessments toward more multicomponent tasks. This is likely to require 

significant change, since less than a third of teachers regularly give tests that include constructed 

response questions (Banilower et al., 2013). Needed are tools that can help teachers develop and 

score assessments efficiently within the context of an already challenging workload. 

This paper reports on a design study investigating the potential of a focused set of tools and 

designed learning experiences for teachers to help them develop three-dimensional science 

assessments. In the study, we examined shifts in teachers’ vision for science assessment and the 

qualities of their assessment for two groups of teachers: those who received tools only and those 

who also participated in a two-day workshop to introduce them to the tools. The tools tested 

were peer reviewed by experts in the Framework and assessment, and they provided scaffolds 

both for the process of assessment design and for integration of science and engineering practices 

and crosscutting concepts into the assessments. In our study, we found modest shifts in 

assessment practice for both groups of teachers, but greater shifts for the group that participated 
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in the workshop, specifically with respect to the use of scenarios that anchored assessment tasks 

and integration of the three dimensions. 

Theoretical Framework 

Many scholars have proposed assessment literacy as an important target for teacher 

professional development over the past two decades (see, Xu & Brown, 2016, for a review). 

Broadly defined, assessment literacy refers to proficiency with basic concepts and practices of 

gathering, interpreting, and using evidence of student learning obtained from tasks and activities 

purposely designed to elicit student understanding (Popham, 2009). Focusing on improving 

classroom assessment literacy is particularly important, because it can directly shapes both 

teaching and learning outcomes (Brookhart, 2002). In science education, scholars have proposed 

that a core component of assessment literacy is an understanding of a vision for how best to 

support science learning (Abell & Siegel, 2011). However, professional development to develop 

assessment literacy linked to the vision of the Framework is just now beginning to emerge, and 

much of the research on assessment literacy focuses on assessment literacy goals but not the 

mechanisms for supporting teacher learning. This study aims to begin to address these gaps. 

The tools and workshop that are the focus of the current study are developed from the 

premise that targeted scaffolds  are needed to support the development of teachers’ capacity to 

design assessments of three-dimensional science learning. As an act, scaffolding refers to the 

strategic assistance that a more capable peer or teacher provides to a learner that enables them to 

perform a task independently that they would otherwise not be able to perform on their own 

(Wertsch, 1985; Wood, Bruner, & Ross, 1976). Scaffolds can also be embedded in tools and 

artifacts in ways that support this same general goal, that is, helping individuals perform a 
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complex task for which they have not been prepared to perform (Quintana et al., 2004; Reiser & 

Tabak, 2014; Reiser et al., 2001). 

The tools we have developed are scaffolds primarily for adaptation  of existing assessments, 

though in professional development activities, we also incorporated resources and routines to 

support the design of new assessments. As adaptation scaffolds, the focus was on supporting 

teachers in integrating under-assessed dimensions of proficiency into existing assessments, 

namely practices and crosscutting concepts. In professional development, we provided partially 

elaborated scenarios to use to support integration, allowing teachers to choose between adapting 

existing assessments or designing new ones using the adaptation scaffolds provided. 

Scaffolds for Developing Assessments for a Given Learning Goal 

Over the years, researchers investigating how to improve teachers’ assessment literacy have 

introduced a number of different types of scaffolds to support the design and analysis of 

assessment tasks. One line of research focuses on scaffolds for using the framework of claim, 

evidence, and reasoning (CER) to assess students’ proficiency in the science practice of 

engagement in argument from evidence (Hillocks, 2012; McNeill, 2009; McNeill, Katch-Singer, 

& Pelletier, 2015; McNeill & Krajcik, 2009; McNeill & Krajcik, 2012). Another line of research 

has investigated the role of conceptual and practical scaffolds to help pre-service and 

early-career teachers analyze student work products, in order to support teachers’ inquiry into the 

relationship between their instructional practice and student learning (Kang, Thompson, & 

Windschitl, 2014; Windschitl, Thompson, & Braaten, 2011). Still other research has investigated 

how teachers can use learning progressions for specific disciplinary core ideas to design tasks 

and analyze student work (Furtak, 2012). 
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In each of these lines of work, the approach to supporting teachers involved more than just 

providing teachers with tools to use on their own. Teachers were introduced to tools through 

formal professional development workshops (McNeill & Knight, 2013) or worked in 

professional learning communities that were partly facilitated by researchers (Furtak & Heredia, 

2014). Moreover, in some cases, the tools were embedded within specific routines for their use 

within teacher teams (e.g., Windschitl et al., 2011), and that improvements to assessment literacy 

are best attributed to participation in these routines, rather than the use of tools alone (Furtak et 

al., 2016). 

In addition, a common feature of these approaches is that the scaffolds embedded 

assumptions about the kind of disciplinary learning that was to be supported and assessed in the 

classroom. That is to say, the scaffolds were not simply practical tools; they were conceptual or 

ideational tools that embed ideas about important learning goals and possible routes for students 

to attain them (Windschitl et al., 2011). This is significant, because the dual practical-conceptual 

nature of the tools is critical for helping teachers to solve the perennial “what next” problem in 

classroom assessment: these tools provide some broad guidance to teachers about how to help 

teachers support students’ development of disciplinary core ideas or science and engineering 

practices. Evidence from a range of studies suggests that discipline specific-theories of learning 

underlie effective interventions to improve assessment literacy and student learning (Penuel & 

Shepard, 2016). 

Of course, many well-designed tools “travel” today across the Internet and circulate among 

teachers in their teacher teams and at professional conferences, and teachers who receive them 

do not have the benefit of extensive professional development. Not only do such tools travel 
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widely today, but we know that across the country, about one quarter of teachers report they use 

free resources from the internet in their teaching (Banilower et al., 2018). Yet, we know little 

about how those tools are used and whether they can support the kinds of shifts that are required 

of teachers in contemporary standards, particularly when the shifts entail a significant turn 

toward disciplinary practices (for a discussion of the practical challenges of the ‘practice turn’ in 

science education, see Furtak & Penuel, 2018). 

Developing Scaffolds for Task Design That Are Designed to Travel 

In science education, few resources designed to travel have been studied systematically, in 

part because of the difficulty of doing so; however, there exists at least one example of education 

research where researchers purposefully designed and studied uses of tools designed to support 

independent assessment task design (Frezzo, Behrens, & Mislevy, 2010). The Cisco Networking 

Academy is a world-wide program intended to support the development of computer skills for 

setting up and maintaining computer networks, particularly in communities and regions that are 

economically disadvantaged. More than 9,000 educational institutions in over 170 countries 

make use of its resources to offer learning opportunities to students. A team of researchers 

worked with Cisco and some institutional partners to develop Packet Tracer, a set of tools that 

could support distributed task design, sequencing of learning opportunities, and assessments 

across the different educational institutions. The tools included different pre-made resources and 

formats to help instructors structure assessments that could elicit evidence most important to 

their local learning goals. 

The Cisco Networking Academy project leaders used a process known as evidence-centered 

design (ECD; Mislevy, Steinberg, & Almond, 1999) to develop these tools for instructors. ECD 
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is a principled approach to assessment design that provides a framework for developing 

assessments that are grounded in the idea that assessment is a form of argument from evidence 

(Mislevy, Haertel, Riconscente, Rutstein, & Ziker, 2017). ECD of assessments begins always 

with an analysis of the domain to be assessed, that is, an analysis of both the learning goals and 

known processes for supporting their attainment that relies on available research and on the 

perspectives of stakeholders (Mislevy & Haertel, 2006). On the basis of domain analysis, 

assessment developers construct a set of design patterns  that specify a range of elements, 

including the features that should be in all assessments of particular learning goals and some 

features that may be varied across tasks to elicit different kinds of information. In the CISCO 

Networking Academy, design patterns provided to instructors included activity structures for 

helping students develop networking concepts, build discrete skills such as assembling the 

network, as well as design challenges and troubleshooting scenarios that presented more 

open-ended problems to solve, with guidance as to how to vary scaffolding within tasks for 

learners with different levels of experience (Frezzo et al., 2010). Thus, these design patterns—as 

all design patterns do within ECD, embed some conception of learning, as well as ideas about 

how best to elicit evidence related to learning, within a specific domain (Mislevy, 2003, 2007; 

Mislevy, Riconscente, & Rutstein, 2009). As all design patterns do, moreover, these design 

patterns demonstrate the potential for re-use in different contexts, as well as generativity—that 

is, to create new assessment tasks. Studies of the system suggest it is highly usable for 

instructors, and that the assessments created by instructors can produce usable and accurate 

descriptions of networking skills (Frezzo, DiCerbo, Behrens, & Chen, 2014). 
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Notably, the Packet Tracer tools were meant to be used independently  by instructors in a 

wide variety of contexts, unlike ways that tools for assessment design have been used in studies 

in science education. They provide a useful existence proof for the possibility of tools based on 

design patterns that carry conceptual (learning ideas) and practical (how to structure assessment 

tasks) guidance being used effectively at scale. It is an open question, however, whether such 

tools could be used in our field, and especially under conditions when design patterns may reflect 

significantly new images of teaching and learning to help teachers design assessments. 

Processes for Professional Development: Noticing, Analyzing, and Adapting 

In our study, we sought to understand the added value of a two-day professional 

development workshop designed to support teachers’ effective use of the scaffolds for 

assessment design we provided them. The structured activities we designed to support teacher 

learning within the workshop relied on mechanisms of teacher learning that have been studied in 

the past: noticing key features of tasks, analyzing tasks, and adapting tasks. 

Noticing. Learning research also suggests that key to helping teachers notice the distinctive 

features of tasks and their enactment will be to present them with a set of “contrasting cases,” 

that is, a set of tasks that vary with respect to key features. According to Bransford & Schwartz 

(1999), “experiences with contrasting cases can affect what one notices about subsequent events 

and how one interprets them, and this in turn can affect the formulation of new hypotheses and 

learning goals” (p. 70). Noticing can also affect participation in and use of tools in future activity 

(Sinha et al., 2010). Therefore, when selecting tasks, teachers need to be presented with a range 

of possible opportunities that allow them to discern salient features, such as the use of practices 

to explain core ideas and prompts for students to reflect on crosscutting concepts. 
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Noticing—supported through various means such as video clubs and analysis of student 

work—has been a key mechanism for promoting teacher development in mathematics for 

supporting closer attention to student thinking (e.g., Sherin, Jacobs, & Philipp, 2010) and for 

attending to equity (e.g., van Es, Hand, & Mercado, 2017). 

In science education, Lo (2017) investigated how engaging with teachers in cogenerative 

dialogues (Tobin, 2006) to analyze one’s classroom practice, using classroom video and 

reflections from classroom observations, and support teachers’ learning to notice epistemic 

dimensions of scientific practice that were important for supporting students’ meaningful 

engagement in scientific practice -- characterized by students understanding of what they are 

doing and how their actions and decisions will help them achieve their scientific goals (Berland 

et al., 2016).  Central to this work involved teachers cast an ideal vision for what they desired 

science teaching and learning to look like in their classroom (Hammerness, 2006), identifying 

ways in which actual classroom practice aligned with this vision, and cogenerating with 

stakeholders ways to refine and make progress in realizing this vision.  The epistemic features 

served as lenses through which the teacher and researcher co-constructed understandings of 

classroom events and used our interpretations to make decisions that enhanced her students’ 

knowledge-building role and the meaningfulness of their engagement in scientific practice. 

Embedded in this professional learning involved fading scaffolds that supported teachers’ ability 

to notice, but maintained the teacher’s independence to make classroom decisions. 

A recent study by Penuel, Wingert, and Van Horne (2018) found that professional 

development activities focused on helping teachers notice key features of three-dimensional 

assessment tasks could help them identify new qualities of tasks. The study involved 99 
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elementary and secondary teachers who participated in six days of professional development 

over the course of a year, including ones designed specifically to support teacher noticing. The 

study found modest shifts in the kinds of features teachers noticed: more focused on features 

such as phenomena and on attributes they thought differentiated good from weak assessments, 

notably accessibility and interest to students. It found greater shifts, though, in teachers’ 

assessment practice: a significantly higher percentage of teachers reported assessing a practice 

other than explanation at posttest than at pretest. 

Task analysis. There is strong evidence that professional learning experiences organized 

around task analysis can shift what teachers notice about the affordances of particular tasks 

presented to students. Task analysis can help teachers discern, for example, the level of cognitive 

demand of tasks and how these relate to student learning opportunities (Boston, 2013). 

Analyzing tasks can also help teachers discern opportunities for students to engage in 

disciplinary practices while solving problems and attune to the language demands of tasks 

(Johnson, Severance, Penuel, & Leary, 2016). Task analysis features strongly in professional 

development provided by Windschitl and colleagues (2011) described above. In that professional 

development, teachers focus on analysis of student work, but they also discuss ways that the 

work students produce reflects the kinds of tasks students are assigned and teachers’ moves to 

support student learning. Similarly, in professional development with teacher teams developed 

by Furtak and colleagues (Furtak & Heredia, 2014; Furtak, Morrison, & Kroog, 2014), task 

analysis features strongly, as does task adaptation, as a mechanism for supporting learning. 

Task adaptation. A number of studies point to the value of adapting tasks that have already 

been designed as a tool for supporting teacher learning. As compared to having teachers design 
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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, 

Gallagher, & Moorthy, 2011). Task adaptation in the context of professional development 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 (DeBarger et al., 2017; Remillard, 1999; Voogt et al., 2011).  

 The Current Study 

In the current study, we address four different research questions: 

1. To what extent does the use of tools for task adaptation support shifts in teachers’ vision 

for science teaching and learning? 

2. What is the added value of professional development in supporting shifts in teachers’ 

vision for science teaching and learning? 

3. To what extent does the use of tools for task adaptation result in assessments that are 

likely to elicit responses that allow teachers to draw inferences about students’ 3D 

science learning? 

4. What is the added value of professional development for improving the quality of 

teachers’ assessments? 

Here, we report on the first phase of a design-based research study, that is, a study of an 

initial version of our tools and professional development. We are currently in the second phase of 

this study, having iterated upon both our tools and professional development workshop on the 

basis of study findings reported here, as well as on the basis of micro-cycles  of design and 
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revision (Gravemeijer & Cobb, 2013) supported by reflective activities of the members of the 

research team who led or observed teacher activities. 

Population and Sample 

 Six teachers took part in face-to-face PD workshops. These participants were all currently 

teaching high school science in a school district that has partnered with our research team for the 

past several years on the development and implementation of science curriculum. The teachers 

all had experience teaching this curriculum to their biology or earth science students. Over the 

course of the study, only four of the teachers were able to complete their participation by 

attending both workshops and taking part in all of the data collection described below. Therefore, 

we discuss the results only from these four teachers. 

An additional six teachers took part in the study but did not have the option to attend PD 

workshops. These teachers were recruited from a cross the United States via a message sent 

from the first author’s On their Own account. The message explained the study and offered high 

school teachers currently teaching biology or earth science the opportunity to participate. Seven 

teachers expressed an interest, and six were selected to participate. These teachers, as well as the 

teachers who took part in the PD, were all provided with a stipend for their participation.  

The teachers who received PD were, on average, less experienced (average = 7.5 years, 

range = 5-12 years) than the teachers who did not attend PD (average = 12.2 years, range = 2-18 

years). None of the teachers in the PD group had previously taken part in professional 

development based on designing 3D assessments, whereas three of the teachers in the non-PD 

group already had such professional learning opportunities. However, all of the teachers reported 
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taking part in PD over the last three years related to crosscutting concepts and planning 

instruction or designing materials aligned to the Next Generation Science Standards. 

Description of the Tools 

All teachers in the study received new versions of two tools for adapting assessment tasks to 

be 3D: (1) a tool for structuring tasks so as to engage students in science and engineering 

practices to explain a given phenomenon or solve a problem and (2) a tool for integrating 

questions related to relevant crosscutting concepts into assessments. The tools’ design are 

grounded in work conducted in an earlier evaluation study that used an evidence-centered design 

approach to specify a set of design patterns  for developing assessments that reflect a specified 

model of learning (Mislevy & Haertel, 2006), focusing on the characteristic and variable task 

features linked to practices and crosscutting concepts. Both sets of tools are intended to be used 

with tasks that present students with a phenomenon represented in a brief scenario about which 

they are asked a series of open-ended questions. They are published through the STEM Teaching 

Tools website, where they have been downloaded thousands of times by teachers since first 

published in 2016. 

Tool for integrating science and engineering practices into assessment tasks.  This tool 

consists of a set of design pattern components (i.e., characteristic and variable task features) for 

each of the eight science practices and two engineering practices (defining problems, designing 

solutions). Each practice includes multiple design patterns for task design described at a high 

level. For each practice, there are simpler and more complex blueprints aligned to levels on 

progressions specified in the Framework. For example, a simpler Asking Questions format reads, 

“Present students with a scientific phenomenon to be explained, then Ask students to formulate a 
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scientific question to investigate the phenomenon.”  The tool also includes a 3D assessment 

example. 

Tool for integrating the crosscutting concepts into assessment tasks. This tool consists 

of a set of partially and fully developed prompts that are associated with each of the seven 

crosscutting concepts in the Framework.  The prompts also provide broad direction as to when 

they might be used. As an example, for the concept of Patterns,  after presenting data from an 

experimental study focused on isolating causal variables as part of the scenario, questions might 

ask: “What does the pattern of data you see allow you to conclude from the experiment?” or 

“Does the pattern in the data support the conclusion that ________ is caused by _________? 

Why or why not?” 

Description of the Professional Development Workshop Series 

Teachers who participated in professional development took part in a three-day workshop 

series in early 2018. The principal aim of the workshop series was to provide teachers with 

opportunities to use the scaffolds for designing three-dimensional assessments to create their 

own assessments. Over the course of the series, teachers had the opportunity to analyze existing 

tasks, practice using the scaffolds with existing scenarios that presented phenomena to be 

explained, and then develop their own assessments and scoring guides for assessments. 

The first day focused on task analysis and adaptation. During this workshop, teachers 

developed and refined a set of criteria for what makes for good 3D assessments. Next, they 

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

target the same performance expectation. They looked at a model three-dimensional assessment, 

and further refined criteria for good 3D assessments. Then, they were given a phenomenon and 
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scenario to use to develop a complete multi-component task using the Science and Engineering 

Practices Task Formats scaffold and the Crosscutting Concepts scaffold. 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. 

The second day of the workshop focused on developing scoring guides. During the 

workshop, participants examined an existing task, the Swallows Task, developed for use with the 

Inquiry Hub high school biology curriculum. They looked first at the task prompts without a 

scoring guide and developed “claim statements” for the task, that is, a claim about what they 

imagined the task would allow them to conclude about what students know and can do from 

completing the task. Next, the participants analyzed the scoring guide and refined their claims. 

Finally, after looking at student work, participants refined their claims again and made 

suggestions for how to refine the scoring guides. These activities were intended to help provide a 

basis for developing scoring guides that attended to component ideas from performance 

expectations that were evident in student responses. Following this set of analyses, we allowed 

teachers to work on their own scoring guides or revise the guide for the Swallows Task to better 

align with both the performance expectation and with student work. Next, participants had the 

opportunity to work on a new assessment, again using the two key scaffolds for integrating 

practices and crosscutting concepts into the tools. The day concluded with a discussion of how to 

develop brief, 3D exit tickets. 

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 
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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. Finally, participants completed the task analysis with which we started the workshop 

series, as a way to collectively self-assess the group’s growth in understanding of 3D 

assessments. 

Analysis 

Teachers submitted assessment tasks and scoring guides prior to and after using the 

provided scaffolds and/or professional learning.   We refer to the assessment tasks that were 

submitted by both groups before providing the scaffolds and/or PD as pre-assessments and after 

providing the scaffolds and/or PD as post-assessments.  When submitting each assessment task, 

teachers explained the assessment goal, which could involve assessing a particular content area 

or performance expectation, and a brief rationale for why they submitted the assessment for 

feedback.  We assessed the assessment goal’s alignment with the NGSS, such as whether the 

assessment task addressed a particular performance expectation (PE), or whether it assessed 

content knowledge alone.  

Rubric design.  We iteratively designed a rubric to assess the extent to which teachers 

designed 3D assessment tasks that involved students using important disciplinary core ideas 

(DCIs), science and engineering practices (SEPs), and cross-cutting concepts (CCCs) in an 

integrated way to achieve a particular goal, such as explaining a phenomenon or solving a 

problem.  The rubric has five categories aligned with key features that were the focus of the 

professional learning (see Appendix for rubric). 
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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 analyze data from the scenario and use and apply learned knowledge 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 in the 

assessment task, were aligned with DCI elements found in the NGSS and were grade-band 

appropriate.  To perform this analysis, we examined the DCIs related to the targeted content 

focus and used the relevant grade band endpoints from the Framework.  In addition, we assessed 

the extent to which the body of assessed items were in service of achieving the targeted 

assessment goal. For example, a task assessing ideas related to Newton’s 2nd Law of Motion, 

which relates a force applied on an object, its mass, and the object’s acceleration, should not 

include items related to an object’s density.  From a student’s perspective, it is not obvious how 

and why ideas related to density are important for helping students demonstrate an understanding 

of Newton’s 2nd Law of Motion and would be an example of an idea that would distract from 

the identified assessment goal. 

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

teacher created opportunities for students to engage in the SEPs to complete the tasks that 

contributed toward achieving the assessment goal.   For example, did students’ data analysis and 
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interpretation support an argument for how and why a phenomenon occurred as it did 

(assessment goal) or was the goal simply to create the graph?  Thus, we examined connections 

between students’ engagement in the SEPs with the assessment goal.  To assess whether the 

students’ expected use of the SEPs was aligned with the NGSS and grade-level appropriate, we 

examined the relevant SEP elements for a particular performance expectation and the learning 

progressions found in Appendix F of the NGSS. 

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

students to use crosscutting concepts to achieve the assessment goal.  We examined relevant 

CCC elements for a particular PE and the learning progressions found in Appendix G of the 

NGSS to assess whether students’ expected performance was aligned with the NGSS and 

grade-band appropriate. 

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 dimensions (DCIs, SEPs, and CCCs).  Evidence of 

the latter came from analysis of the items themselves and the teacher’s scoring guide, which 

made explicit the teacher’s plan for assessing student understanding.  The analysis of the scoring 

guide also examined whether teachers were looking for the right answer or whether teachers 

considered levels of performance related to each dimension. 

Assessment Scoring.  For each category, we identified elements and levels of 

performance for each element.  For example, when assessing opportunities for students to engage 

in the SEPs to demonstrate understanding, example levels of performance included no 
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opportunities, some opportunities, and opportunities throughout the assessment.  Whole point 

values were associated with each level of performance with each row having a maximum value 

of 1 or 2 points. 

A point was awarded if teachers made explicit attempts to align their assessment task 

with the NGSS by identifying a target PE or identifying target DCIs, SEPs, or CCCs.  If teachers 

identified a target PE, scorers used the foundational DCI, SEP, and CCC elements for that 

particular PE.  If teachers did not identify a relevant PE or dimension, scorers attempted to 

identify opportunities for students to use the SEPs or CCCs in the assessment and used them for 

the basis for scoring. At a minimum, teachers reported a content focus for the assessment task 

(e.g., homeostasis or energy).  In those cases, teachers would not receive points for intending to 

align the assessment task with the NGSS.  However, scorers would subsequently perform a 

closer examination of the assessed ideas to ascertain whether the targeted scope was alignment 

with ideas found in the NGSS and grade-level appropriate. 

The total possible number of points for a particular assessment task was 35: 8 points for 

Scenario, 7 points for each NGSS dimension, and 6 points for 3-D Integration.  To assess pre to 

post changes in teachers’ performance, the three points awarded for the intent to align with the 

NGSS were removed from the totals to investigate pre to post changes in teachers’ use of the 

three dimensions independent of the identification of a target PE.  Thus, the findings in the next 

section have a maximum point value of 32.  Scores for each category and element were averaged 

together for PD and On their Own teachers and compared pre to post.  Due to the sample size, 

we do not wish to overextend claims about the significance of the observed pre and post 

assessment changes.  However, we use these analyses to identify the successes and challenges 
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that teachers faced as they designed 3D assessment tasks, consider the role that the professional 

learning and tools played in supporting some of these changes, and identify common issues that 

both groups encountered that could be areas of future support for teachers. 

Most teachers submitted multiple pre and post assessment tasks.  Scorers chose a single 

pre-assessment task and a single post-assessment task that best demonstrated the desired features 

of 3-D assessment.  Within the assessment feedback for teachers, we provided rationales for why 

a particular assessment task was scored and provided brief remarks about the other assessment 

tasks. Two coders independently scored each assessment task and reached consensus on the final 

scoring.  In addition, we provided formative feedback to the teachers for each element as well as 

overall comments. Due to the iterative rubric development, participating teachers did not receive 

the feedback on their pre-assessments before submitting their post-assessments.  However, a 

subsequent cohort will receive feedback on their pre-assessments using the rubric as part of the 

professional learning. 

Findings 

Teachers submitted a range of types of pre-assessments.  There were several examples of 

“traditional” assessment tasks that included discrete multiple choice or short answer questions. 

Others were scenario-based tasks that either required students to figure something out, meaning 

they used what they’ve learned to solve a different problem or explain another phenomenon, or 

provided a context for students to demonstrate their understanding.  Still other assessment tasks 

involved the creation of a product that was intended to elicit students’ understanding, such as 

creating a comic book explaining what happened when pathogens try to attack the body. These 
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tasks differed from scenario-based tasks in that students were demonstrating their understanding 

in another form, but not necessarily applying it to explain another situation. 

Table 1 shows the range and average pre and post assessment scores for each group.  On 

average, teachers’ pre-assessment scores for both groups were similar (see Figure 1).  Although 

both sets of teachers’ total scores improved, PD teachers (23.5/32) had a slightly higher average 

post-assessment score than the On their Own teachers (21.17/32). 

Table 1. Average and range of scores for On their Own and PD teachers 

 On their Own (n=6) PD (n=4) 

 Min Max Average Min Max Average 

Pre 13 25 19.17 14 27 19.5 

Post 15 27 21.17 19 28 23.5 

 
Figure 1 .  Comparison of average pre and post-assessment scores for On their Own and PD 
teachers. 
 

Figure 2 disaggregates the findings by category.  Figures 2a and 2b examine pre to post 

changes in each group’s scores, whereas 2c and 2d compare each group’s pre and 

post-assessment scores by category.  Both groups experienced increases in the scenario, DCI, 

and CCC categories.  The PD group’s scenario scores increased more than the On their Own 



23 

group’s scenario score (2.75 vs. 1.33 point gains).  The On their Own group’s DCI score (4.67/6) 

was slightly higher than the PD group’s DCI score (4/6).  Although the PD group had slightly 

higher SEP and CCC scores than the On their Own group, the On their Own group’s scores 

increased, particularly in the CCC category, so that their performance was comparable to the PD 

group.  There were differences in observed scores for 3-D integration category: the On their Own 

group’s average score decreased, while the PD group’s average score slightly increased.  In what 

follows, we attempt to explain the observed trends and identify issues that teachers encountered 

as they sought to design coherent, scenario-based assessments that required integrated use of the 

three dimensions. 

a) b) 

c) d) 

Figure 2.   Comparison of pre and post-assessment scores for each category.  a) and b) show 
changes in each group’s pre and post assessment scores, whereas c) and d) compare each group’s 
pre and post-assessment scores. 
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Scenario and Assessment Coherence 

It was not surprising that there were increases in this category, as the identification of a 

phenomenon or problem to solve was a central feature of the tools that were provided to both 

groups and the professional learning. Both groups made greater use of real or scientific data in 

their scenarios.  Teachers encountered issues with developing scenarios that supported students 

in figuring things out and that did not have an obvious solution.  For example, a teacher created 

an assessment whereby students could piece together an explanation using information directly 

obtained from the assessment rather than using what they’ve learned to analyze and interpret 

information from the scenario to construct an explanation or solve a problem.  The PD group had 

better success in identifying scenarios where students had to figure something out (average score 

2.0/2.0, n=4) than the On their Own group (average score 1.0/2.0, n=6). 

Teachers experienced some struggles related to constructing coherent assessments that 

were connected to the scenario.  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.  There was a decrease in the On their Own group’s 

pre to post assessment coherence scores (1.83 to 1.33; max score 2.0) because all but one teacher 

had a common assessment task that brought coherence to all items for the pre-assessment. 

However, these common assessment tasks did not necessarily involve a scenario.  Thus, the 

rubric was sensitive enough to tease apart challenges involving assessment coherence and the 

challenges that teachers now faced with creating coherent, scenario-based assessments. 



25 

Although the scenario-based tasks provided an authentic context through which to 

construct knowledge, there were differences between groups in the extent to which students 

needed to apply their existing knowledge in new contexts, thus creating an opportunity for 

students to assess their learned knowledge.  All of the PD post-assessments required students to 

apply their knowledge to new contexts (average score, 1.0/1.0).  In contrast, half the On their 

Own group developed performance-based assessments that required students to construct 

explanations, but these tasks did not necessarily require students to apply their previously learned 

knowledge. Thus, the designed tasks were authentic in nature, but not necessarily the best venue 

for assessing students' existing understanding or learned knowledge. 

Creating opportunities for students to demonstrate their understanding using multiple 

modes was an area of struggle for both groups.  The most frequent mode was written responses 

and constructing diagrammatic representations of one’s ideas, which included models or graphs. 

This area was not a focal feature of the PD. 

Identifying Target PEs Key for Supporting 3D Alignment 

We argue that teachers’ identification of target PEs for their assessment contributed to 

increases in content alignment with the NGSS and opportunities for students to engage in the 

CCCs.  Teachers that did not identify a target PE often identified non-NGSS standards or content 

foci that were not completely aligned with the NGSS or grade-band appropriate. Three of four 

PD teachers did not choose target PEs for their pre-assessment, whereas four of six On their Own 

teachers chose one.  All but one participant included either a target PE or identified DCIs that 

were the focus of the post-assessment. The single outlier was a teacher who cited a state standard 

rather than a NGSS standard.  When we looked at the aggregate data, we observed modest 
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changes in teachers’ DCI and SEP scores and a greater shift in teachers’ CCC scores (see Figure 

2).  However, when we separately examined pre to post gains for teachers who identified or did 

not identify a target PE for their pre-assessments, there were minimal changes for teachers that 

had identified pre-assessment target PEs (see a Figure 3a) as compared to teachers who did not 

(see Figure 3b).  Similar patterns occurred regardless of treatment condition.  As a reminder, 

these scores did not include the 3 potential points for intention to assessment the three 

dimensions. 

 
a) b) 

Figure 3.   Comparison of pre to post assessment scores for teachers that identified target PEs for 
their pre-assessments (a) compared to teachers that did not (b). 

 
When we disaggregate the data by category, we see that identifying a target PE 

contributed to consistent increases in teachers’ use of CCCs and moderate increases in use of 

SEPs for On their Own teachers (see Figure 4).  There was an observed decrease in the On their 

Own group’s DCI score and no changes in the PD group’s average SEP score.  In what follows, 

we examine the areas of growth and challenge that teachers faced with regards to supporting 3D 

assessment. 
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a) 

 
b) 

Figure 4.  Comparison of pre to post score changes by category for teachers that did not identify 
target PE for their pre-assessments. 
 

DCIs.  In general, the identification of one or more targeted PEs contributed to increased 

content alignment with the NGSS. Teachers that did not choose target PEs often assessed content 

that was often below grade-band or targeted ideas that did not address the full scope of a 

disciplinary core idea.  For example, one teacher designed an assessment that examined the 

features of the immune system and the mechanisms involved in attacking pathogens.  The 

assessment focus foregrounded details about a specific system and backgrounded DCIs related to 

the interactions between system components and how they work together to perform a given 

function. 

Teachers had challenges with designing assessment items that thoroughly addressed all 

aspects of the identified DCI elements.  Often, there were aspects of DCI elements that were not 

assessed.  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 DCI elements 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 explanation is that teachers focused more 
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on identifying PEs that were related to the desired content focus rather than using the DCI 

elements identified by the target PE to guide the assessment design.  In the whale example, the 

teacher reported that she found PEs to be too limiting and instead chose DCIs related to the 

content focus of the assessment.  Thus, more support might be needed to help teachers attend to 

the targeted DCI elements to understand the scope of the assessed content and design assessment 

items that adequately address these ideas.  An elemental examination or unpacking of the DCI 

elements might help teachers the depth of knowledge required to demonstrate an understanding 

of a particular DCI and notice the nuances for how DCIs build on previously learned knowledge 

and become more sophisticated across grade-bands. 

On the other hand, some teachers identified more target DCI elements or PEs than could 

be adequately addressed in assessment or included DCI elements that were tangentially related to 

the stated assessment goal.  For example, the teacher who designed the whale also identified 

LS4.C: Adaptation as a targeted PE.  However, issues related to how the external environment 

plays a role in leading to changes in a population were not evident in this assessment.  More 

support might be necessary to help teachers be clear about the assessment goal and ensure that all 

of the assessed ideas and tasks are related to achieving that goal.  Identifying one or more target 

PEs might be helpful for addressing this challenge, as teachers will see how the targeted DCI 

elements are related to the assessment goal of achieving a particular PE. 

SEPs.  In general, teachers were attentive to creating opportunities for students to engage 

in the SEPs to complete tasks, with small observed increases in opportunities for students to use 

SEPs with the On their Own group.  We argue that increased opportunities are likely associated 

with increased use of coherent scenarios that require students to figure something out.  However, 
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teachers experienced challenges with connecting the product of students’ SEP with contributing 

to the overall assessment goal.  For example, students had frequent opportunities to analyze and 

interpret data in both pre and post assessments.  However, teachers did not always connect what 

students’ figured out with the broader problem or phenomenon.  For example, in an assessment 

that asked students to explain how it was possible for all of 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 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. 

Similar to the challenges faced in the DCI category, there were challenges related to 

teachers designing assessment items that required below grade-band use of the SEPs or or did 

not require all aspects of the target SEP element.  For example, high school students might be 

asked to engage in argumentation, but not evaluate multiple arguments, or communicate 

information to others without considering the purpose for clearly communicating information to 

others as the means for facilitating the persuasion of others about the reliability and validity of 

presented ideas. During the professional learning, teachers consulted resources, such as 

Appendix F in the NGSS, to see how expected student use of the SEPs should vary and build in 

sophistication in higher grade-bands. However, the findings of this research indicate that more 

in-depth activities might be needed to help teachers notice grade-band distinctions and 

incorporate those elements in their assessments.   One potential activity might involve teachers 

identifying the SEP elements that contributed to a given PE so that teachers could consider how 

the target SEP element could be useful in service of demonstrating the target understanding and 
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ensure that they designed opportunities for students to engage in all aspects of the SEP element. 

Another activity might involve teachers peer-reviewing one another’s assessments to 

co-construct assessments of whether students’ expected use of the SEPs was grade-band 

appropriate and to take action to resolve identified issues. 

CCCs.  Although there were increased pre to post assessment opportunities for students 

to use CCCs to demonstrate their understanding, the expected use of CCCs was generally below 

grade-band in both groups.   For example, when using CCCs related to systems and system 

models, students often examined components and relationships within systems rather than 

between systems.  When using the CCC of cause and effect, students often were not required to 

distinguish between cause & correlation.  Thus, the professional learning and tools might have 

contributed to increased awareness of the need to use CCCs, yet still require additional support to 

identify what level of sophistication use is required at each grade-band.  As before, additional 

activities, such as those described in the previous sections, are likely needed to support teachers 

in considering the usefulness of the CCC elements for each PE and using Appendix G in the 

NGSS to design grade-level appropriate assessments. 

Integration of 3-D.  Of the five categories, this category was the lowest for each group. 

Although the PD group had pre to post assessment gains in their ability to design 3-D integrated 

tasks (average score 1.25 to 1.50/2.0), teachers continued to experience challenges in this area. 

Teachers’ scoring guides provided a window into teachers’ visions for what expected 

performance should look like and how they might assess it with respect to the three dimensions. 

Teachers’ scoring was generally one dimensional and focused on DCI-related performance. 

There was a focus on whether students had the right answer or the correct components of an 
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explanation rather than considering different levels of performance.  For example, scoring guides 

might expect students to identify connections between systems without considering how the 

presence or absence of these connections might contribute to a more complex understanding of 

the phenomenon.  Thus, more support might be needed to help teachers broadly think about how 

each dimension works together to demonstrate a particular understanding and provide 

opportunities to analyze exemplar scoring guides that explicitly assess levels of performance 

rather than just the right answer.  Thus, the analysis and iterative feedback on scoring guides 

might help teachers refine their vision for 3D learning and assessment and support their ability to 

design 3D assessments. 

Teachers’ Reflections on their Learning 

We conducted interviews with teachers in both the PD and On their Own groups at the 

conclusion of the study. As part of these interviews, we asked teachers to reflect on their use of 

the scaffolds to design assessments and how they supported change to their assessment practice. 

 What teachers implemented that they found helpful. In interviews conducted after 

their participation in the project concluded, the four teachers who took part in the PD workshops 

all reported having a positive experience and anticipating using more 3D assessments in their 

classrooms.  Two of the teachers pointed to the question stems or “sentence starters” provided on 

the tools as especially useful for writing various types of assessment questions.  Several teachers 

explained that talking about and developing assessments during the workshops helped them to 

better understand and clarify aspects of the NGSS, for example when considering how particular 

questions align to specific performance expectations.  Additionally, the workshops helped them 

to understand what it means to incorporate all three dimensions into assessment tasks, rather than 
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simply focusing on content. Looking at model assessment tasks in the PD was especially helpful 

in this regard. Most of the teachers noted that developing scoring guides or rubrics that relate 

back to the NGSS is still very challenging, and they would be interested in more guidance in that 

area. 

The six teachers who did not attend the PD workshops generally reported that although 

they created assessment tasks based on the tools, they had not yet used those assessments with 

their students. Several of those teachers planned to share their newly created assessments with 

other teachers to get feedback and continue improving them. In other words, these teachers saw 

their participation largely as an initial step towards learning about and generating 3D 

assessments, but they also recognized that they still had a large part of the journey ahead of 

them. Like the teachers who attended the PD, this group found the question stems and ideas for 

“prompts” particularly valuable. As one teacher explained, “ You look at a PE and you're like, 

‘Ok so I have to make an assessment that incorporates all these things. How do I do that?’ So I 

think those [tools] are really, really beneficial to help come up with questions.” 

 How involvement with the project changed teachers’ thinking.  All of the teachers 

who attended the workshops said that the PD solidified their understanding of 3D assessment and 

strengthened their belief in the importance of 3D science instruction. Most of the teachers came 

the workshops with rather extensive prior knowledge of NGSS and were convinced of the 

importance of 3D instruction and assessment. In general, these teachers felt validated in their 

beliefs about science teaching and learning, and felt that the workshops helped extend their 

knowledge of NGSS into the assessment domain. As one teacher who attended the PD 

workshops explained, “I feel I now have a very strong understanding of what 3D assessments 
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are. What I need now is just practice. I need to write them, see them, take them myself so I can 

understand how a student would interpret them. I really feel like I’m in a position now where I 

can take control of my own education and move forward.” 

The teachers who did not attend the workshops reported that simply using the tools was a 

valuable exercise, but most said the experience did not change their thinking about 3D 

instruction and assessment very much. However, a few teachers noted that the experience 

boosted their confidence, particularly in terms of creating and using 3D assessments. Other 

teachers talked about “making progress” in their assessment practices, especially in moving 

beyond traditional ways of assessing and grading their students. Several suggested that it would 

have been helpful to receive additional resources, such as more examples of assessment tasks 

and sample student work. 

Discussion and Conclusion 

One important finding from this study involved the important role that identifying target 

PEs played in helping teachers incorporate the three dimensions in their assessments.  Attention 

to the elemental features of each dimension using resources, such as NGSS appendices, in the 

context of designing and analyzing assessments and student work might help address identified 

issues related to alignment with expected performance with grade-band dimensions with the 

NGSS.  Although some teachers found aligning assessments with PEs to be limiting, this 

research suggests that PEs can provide a vision for how each dimension can work together to 

help students figure something out and demonstrate important understandings.  Understanding 

how the three dimensions could be used in an integrated way might help teachers to make 

important decisions about how they might modify the target PE, such as foregrounding different 
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SEPs or CCCs, in the context of a particular assessment task.  In addition, this research 

highlights a challenge that teachers face with designing three-dimensional scoring guides that 

assess students’ use of all three dimensions, rather than just identifying the right answer or 

assessing performance related to the DCIs.  The goal is not for teachers to consider each 

dimension as discrete entity to be assessed, but rather foregrounds the need to support and 

provide feedback on students’ engagement in each dimension and how each dimension 

contributes in important ways towards explaining the target phenomenon or solving the target 

problem.  This research demonstrates the need to provide additional examples of 3-D 

assessments and scoring guides to support teachers in crafting a vision for what integrated, 3-D 

assessment looks like and how they can incorporate these features in meaningful ways when 

designing their own assessments. 

Increased growth in teachers’ use of scenarios was linked to PD teachers participation in 

the professional learning, where they received support in identifying suitable scenarios and 

designing assessment items connected to that scenario.  On their Own group teachers also 

experienced growth using available resources, such as STEM Teaching Tool 29.  This study 

identifies the needs to refine such resources to include more explicit process descriptions for not 

only identifying productive scenarios that support students in figuring out, but also how to create 

three dimensional assessment items that are coherent and connected with this scenario. 

Study Limitations 

Our rubric was designed to accommodate teachers that might not have identified target 

PEs or DCIs for their assessment.  In doing so, we were able to assess the alignment of their 

content focus with the NGSS independently from other categories, such as whether the assessed 
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ideas aligned with the teacher’s stated assessment goal or whether the assessed items addressed 

all of the specified content or DCI elements.  Thus, it was possible for teachers who reported a 

broad content focus, such as “energy,” to get a higher score than teachers who identified DCI 

elements because it is more challenging to construct assessment items that appropriately 

addressed the DCI elements and contribute towards achieving the assessment goal. 

Greater pre to post assessment changes in students’ use of SEPs or CCCs might not be 

evident in cases where teachers did not identify a target PE, SEPs, or CCCs for their 

pre-assessments.  When teachers were not explicit about what SEPs or CCCs they were targeting 

for assessment, we examined evidence of teachers creating opportunities for students to engage 

in the SEPs or CCCs to complete tasks.  In those instances, students’ pre-assessment SEP use 

might be better tied to the assessment goal than in cases where teachers were trying to assess 

SEPs that were specified by a target PE.  Similar comments could be made about students’ 

pre-assessment use of CCCs.  Thus, there are limitations involved in the interpretation of 

observed pre to post assessment score differences by total score or category without 

appropriately examining shifts in the elements that inform the total score.  With further data, 

weighing the scores assigned to NGSS alignment and grade-band appropriate use of the DCIs, 

SEPs, and CCCs might be one way of addressing this issue.  However, the rubric was able to 

detect the challenges that teachers faced when trying to design assessment items that 

appropriately addressed each NGSS dimension at the elemental level and was coherent with an 

authentic problem or phenomenon.  From a professional learning perspective, identifying these 

core challenges are likely to be more important for promoting the desired instructional shifts in 

classrooms. 
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Appendix: 3D Assessment Rubric (Revisions 01-28-19) 
 
TEACHER/PRE-POST Assessment: Total score (35) 

 
 

Which grade level, unit and standards was the assessment was designed 
to assess?  

 

Target PE(s): What is the specific evidence outcome, NGSS performance 
expectation, or lesson level performance expectation that this 
assessment was designed to address? 

 

Write one sentence about why you chose the assessment to share with 
us.  

 

Write one thing you would change about this assessment if you were to 
reuse it. 

 

Scoring Guide.  If you do not have the scoring guides or rubrics to 
upload, describe how you developed a grade for the assessment.  

 

 
Overall Comments: 
 
  

http://www.nextgenscience.org/search-standards


 

Category 1: Appropriateness of the 
Scenario (Phenomenon to explain or 
Problem to solve) 

0 1 2 Score Comments/Evidence 

Describe Scenario:   

1a-i 

Authenticity of scenario 
- There is something for students 

to figure out (complex, options 
for Ss to reconcile) 
 

 

Not a real problem 
for students to figure 
out.  Nothing to 
explain or solve.  
Solution is obvious. 

There is something for 
students to figure out.  
There is one viable 
solution path. 

There is something 
for students to 
figure out.  There 
are multiple viable 
solution paths for 
students to 
reconcile. 

  

 1a-ii 

- Extent to which the scenario 
uses real and scientifically 
accurate data, artifacts, or 
scientific models or simulations  

Scenario is not real 
and/or does not 
include scientifically 
accurate ideas. 

Scenario is made-up, 
but leverages 
scientifically accurate 
ideas or findings from 
real situations. 

Scenario is real and 
scientifically 
accurate. 

  

1b 

Supports sensemaking 
- Assesses the extent to which 

evidence from the scenario is 
needed to solve problem or 
explain phenomenon. 

Students do not 
need to use 
information from the 
scenario to complete 
task(s). 

Students need to use 
information from the 
scenario to complete 
task(s). 

Students need to 
analyze or interpret 
information from 
the scenario to 
complete task(s). 

  

1c 

Application of understanding 
Task requires students to use and apply 
their understanding to explain the 
phenomenon or solve the target problem. 

Task does not 
require students to 
use or apply their 
learned knowledge.  
Task can be 
completed by 
restating learned 
knowledge as 
declarative 
knowledge. 

Task requires 
students to use and 
apply their learned 
knowledge to explain 
or make predictions 
about a new 
phenomenon or solve 
a new problem 

   



1d 

Multiple modes for demonstrating 
understanding 

Students only have 
one way to 
demonstrate 
understanding 

Students can use 
multiple ways to 
demonstrate 
understanding (e.g., 
diagrams, words) 

   

Category 1 Total Score (8)   

  



 

Category 2: Disciplinary Core Ideas 0 1 2 Score Comments/Evidence 

Target DCI element(s):  

Alignment of content focus with the NGSS 

2a-i 

Intention to align assessed 
content with ideas in the NGSS 

- Did the teacher specify one or 
more target PEs or DCI 
elements for assessment? 

Teacher identified 
content foci for 
assessment, but did 
not specify one or 
more target PEs or 
DCI elements. 
 
or  
 
Teacher did not 
specify content focus 
for assessment. 

Teacher specified 
one or more target 
PEs or DCI elements 
for assessment. 

   

2a-ii 

Alignment of assessed content 
with the NGSS 

- Was the assessed content 
aligned with ideas found in the 
NGSS? 

Assessed content is 
not aligned with any 
DCI elements found 
in the NGSS. 

Assessed content 
includes some ideas 
that are aligned with 
DCI elements found 
in the NGSS and 
some that are not. 

All of the assessed 
content is aligned 
with DCI elements 
found in the NGSS. 

  



2a-iii 

Grade / grade band 
appropriateness 

- Evidence from grade-band 
endpoints from NRC 
Framework and Assessment 
Boundaries 

Foregrounded 
assessment topics, 
as evidenced by 
questions and 
scoring guide, are not 
grade-level 
appropriate.  They 
either focus on 
information that 
should have been 
assessed previously 
or should be 
assessed in a later 
grade bands. 

Foregrounded 
assessment topics, 
as evidenced by 
questions and 
scoring guide, are 
grade-level 
appropriate and build 
upon previously 
learned knowledge.  
Previous grade-band 
knowledge is not the 
primary focus of this 
assessment task. 

   

Extent to which targeted content area or DCI elements are assessed and aligned with assessment goal 

2b-i 

Items address targeted DCI 
elements/content focus 

- Are the items assessing 
targeted DCI elements OR 
reported content focus? 

Assessment items do 
not address any 
targeted DCI element 
or content foci. 

Assessment items 
partially address 
targeted DCI 
element(s) or content 
foci. 

Assessment items 
address all targeted 
DCI element(s) or 
content foci. 

  

2b-ii 

Assessed DCI elements or content 
align with assessment goal 

- Assessment goal could include 
demonstrating PE or answering 
overall question. 

- Do assessed DCI 
elements/content align with 
assessment goal? 

- Are there assessed ideas that 
distract from the assessment 
goal? 

Assessment includes 
some items that 
assess DCI elements 
or content that 
distract from or are 
not aligned with 
assessment goal. 

Assessment only 
includes items that  
assess DCI elements 
or content that are 
appropriate and align 
with assessment 
goal. 

   

Category 2 Total Score (7)   

  



 

Category 3: Science and Engineering 
Practices 0 1 2 Score Comments/Evidence 

Target SEP element(s):  

Alignment with the NGSS 

3a-i 

Identification of target PEs, SEPs, 
or SEP elements 

- Targeted SEPs can be 
identified through PE. 

- Did the teacher specify one or 
more target PEs or SEP 
elements for assessment? 

Teacher did not specify 
any target PEs, SEPs, 
or SEP elements for 
assessment. 

Teacher specified one 
or more target PEs, 
SEPs, or SEP 
elements for 
assessment. 

   

3a-ii 

Alignment of expected 
performance with the SEPs 

- As students demonstrate their 
understanding, are students 
expected to use practices in 
ways that are aligned with the 
NGSS? 

- Are the items assessing 
targeted SEP elements OR 
reported use of SEPs? 

Students are expected 
to demonstrate their 
understanding in ways 
that are not aligned 
with the SEPs. 
 
Assessment items do 
not address any 
targeted SEP(s) or 
SEP element(s). 

Students are 
expected to 
demonstrate their 
understanding in ways 
that are somewhat 
aligned with the 
SEPs. 
 
Assessment items 
partially address 
targeted SEP(s) or 
SEP element(s). 

Students are 
expected to 
demonstrate their 
understanding in 
ways that are 
completely aligned 
with the SEPs. 
 
Assessment items 
address all targeted 
SEP(s) or SEP 
element(s). 

  

3a-iii 

Grade / grade band 
appropriateness  

- Reference NGSS Appendix F 
and DPS Science 
Competencies 

Expected use of 
science and 
engineering practices, 
as evidenced by 
questions and scoring 
guide, are not grade-
level appropriate.  The 
focus of the expected 
performance is either 
well above or well 
below targeted grade 
bands. 

Expected use of 
science and 
engineering practices, 
as evidenced by 
questions and scoring 
guide, is grade-level 
appropriate and does 
not include elements 
that are well above or 
well below grade-
band. 

 
 
 

  

https://docs.google.com/document/d/1EqFrIN5q6tT2xriFEz71bRccGbL8zgz73OEZQXA-WNw/edit
https://docs.google.com/document/d/1EqFrIN5q6tT2xriFEz71bRccGbL8zgz73OEZQXA-WNw/edit


Extent to which targeted SEP elements are assessed and aligned with assessment goal 

3b-i 

Opportunities for students to use 
SEPs to complete task(s) 

- Are there opportunities for 
students to use the SEPs to 
demonstrate their 
understanding? 

Assessment does not 
include opportunities 
for students to use the 
SEPs to complete 
task(s). 

Assessment includes 
some opportunities for 
students to use SEPs 
to complete task(s). 

Assessment 
includes 
opportunities for 
students to use 
SEPs to complete 
task(s) throughout 
the assessment. 

  

3b-ii 

Assessed SEPs or SEP elements align 
with assessment goal 

- Assessment goal could include 
demonstrating PE or 
answering overall question. 

- Do assessed SEPs or SEP 
elements align with 
assessment goal? 

- Are there assessed SEPs or 
SEP elements that distract 
from the assessment goal? 

Assessment includes 
some items that assess 
SEPs or SEP elements 
that distract from or are 
not aligned with 
assessment goal. 

Assessment only 
includes items that  
assess SEPs or SEP 
elements that are 
appropriate and align 
with assessment goal. 

   

Category 3 Total Score (7)   

 
 

  



 

Category 4: Integration of Crosscutting 
Concepts 0 1 2 Score Comments/Evidence 

Target CCC element(s):  

Alignment with the NGSS 

4a-i 

Identification of target CCCs or 
CCC elements 

- Targeted CCCs can be 
identified through PE. 

- Did the teacher specify one 
or more target PEs or CCCs 
elements for assessment? 

Teacher did not specify 
any target PEs, CCCs, 
or CCC elements for 
assessment. 

Teacher specified one 
or more target PEs, 
CCCs, or CCC 
elements for 
assessment. 

   

4a-ii 

Alignment of expected 
performance with the CCCs 

- As students demonstrate 
their understanding, are 
students expected to use 
crosscutting concepts in 
ways that are aligned with 
the NGSS? 

- Are the items assessing 
targeted CCC elements OR 
reported use of CCCs? 

Students are expected 
to demonstrate their 
understanding in ways 
that are not aligned with 
the CCCs. 
 
Assessment items do 
not address any 
targeted CCC(s) or CCC 
element(s). 

Students are 
expected to 
demonstrate their 
understanding in ways 
that are somewhat 
aligned with the 
CCCs. 
 
Assessment items 
partially address 
targeted CCC(s) or 
CCC element(s). 

Students are 
expected to 
demonstrate their 
understanding in 
ways that are 
completely aligned 
with the CCCs. 
 
Assessment items 
address all targeted 
CCC(s) or CCC 
element(s). 

  

4a-iii 

Grade / grade band appropriateness  
- Reference NGSS Appendix 

G 

Expected use of 
crosscutting concepts, 
as evidenced by 
questions and scoring 
guide, are not grade-
level appropriate.  The 
focus of the expected 
performance is either 
well above or well below 
targeted grade bands. 

Expected use of 
crosscutting concepts, 
as evidenced by 
questions and scoring 
guide, is grade-level 
appropriate and does 
not include elements 
that are well above or 
well below grade-
band. 

 
 
 

  



Extent to which targeted CCC elements are assessed and aligned with assessment goal 

4b-i 

Opportunities for students to 
use CCCs to complete task(s) 

- Are there opportunities for 
students to use the CCCs to 
demonstrate their 
understanding? 

Assessment does not 
include opportunities for 
students to use the 
CCCs to complete 
task(s). 

Assessment includes 
some opportunities for 
students to use CCCs 
to complete task(s). 

Assessment 
includes 
opportunities for 
students to use 
CCCs to complete 
task(s) throughout 
the assessment. 

  

4b-ii 

Assessed CCCs or CCC 
elements align with assessment 
goal 

- Assessment goal could 
include demonstrating PE or 
answering overall question. 

- Do assessed CCCs or CCC 
elements align with 
assessment goal? 

- Are there assessed CCCs or 
CCC elements that distract 
from the assessment goal? 

Assessment includes 
some items that assess 
CCCs or CCC elements 
that distract from or are 
not aligned with 
assessment goal. 

Assessment only 
includes items that  
assess CCCs or CCC 
elements that are 
appropriate and align 
with assessment goal. 

   

Category 4 Total Score (7)   

 
  



Category 5: 3-D Integration 0 1 2 Score Comments/Evidence 

5a 

Assessment coherence 
 

Assessment tasks are 
discrete and have no 
explicit connection 
with the scenario. 

Some, but not all, of 
the assessment tasks 
are explicitly 
connected to the 
scenario. 

Assessment tasks 
are explicitly 
connected to the 
scenario. 

  

5b 

Assessment tasks integrate 3-D Completion of 
assessment task 
involves attention to 
0-1 dimension. 
 
If 2 or more 
dimensions are 
present, there is no 
evidence of 
integrating the 
dimensions.  Each 
dimension is 
assessed separately. 

Completion of 
assessment task 
requires integrated 
attention to 2 of the 
three dimensions. 

Completion of 
assessment task 
requires integrated 
attention to all 3 
dimensions. 

  

5c 

Scoring guide assesses 
students’ mastery of PE 

Scoring guide 
assesses student 
performance related 
to one dimension or 
whether the response 
is right/wrong.   

Scoring guide 
assesses student 
performance related 
to two dimensions. 

Scoring guide 
assesses student 
performance 
related to their 
understanding of 
the DCI(s) and use 
of SEP(s) and 
CCC(s).   

  

Category 5 Total Score (6)   

 
 


