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Assessment of Student Learning

Introduction

The California Next Generation Science Standards (CA NGSS) significantly alters the way science is taught in schools by making science education in kindergarten through grade twelve resemble the way scientists work and think. In resembling how scientists work and think, the three-dimensional learning in the CA NGSS asks not only what do we know (disciplinary core ideas), but how do we know it (science and engineering practices) and how is it related to other understandings (crosscutting concepts). The CA NGSS require that these three dimensions be interwoven in every aspect of science education, including assessment. The intent of this chapter is to help teachers and leaders meet the three-dimensional assessment goals of the CA NGSS. The National Research Council’s (NRC) report Developing Assessments for the Next Generation Science Standards (National Research Council [NRC] 2014) was used extensively to inform and support the information in this chapter. All citations to the NRC Assessment Report refer to this report.


This chapter begins with a discussion of why we need to assess student learning and a discussion of a continuum of assessment within a comprehensive assessment system. The next section of the chapter describes the conceptual shifts in science assessment and the need for three-dimensional assessments aligned to the intent of  three-dimensional learning stated in the CA NGSS. The chapter proceeds to discuss the details of the different layers of assessment, including practical strategies teachers use in the classroom; the uses and types of classroom assessments supporting the CA NGSS; the roles of teachers and students in assessment practices that support student learning of the CA NGSS; and, specific strategies and techniques for improved classroom assessments in line with recommended NGSS assessment practices. This chapter concludes a discussion about the relationship of national and international assessments to the NRC’s A Framework for K–12 Science Education and the NGSS.

[NOTE: CFCC recommended the following paragraph to be highlighted in bold or boxed text]

In focusing on classroom assessment practices to improve student learning and instruction, this chapter provides a set of guidelines and snapshots of assessment examples. It is not intended to replace high quality teacher professional development on assessment, nor is it focused on teacher evaluation or program evaluation.

Why Do We Assess?
As the primary feedback mechanism in the educational system, assessments provide information to students about how well they are performing; to teachers about how well their students are learning and if modification to the instruction is necessary; to parents about their child’s achievements; to districts about the effectiveness of instructional programs; and to policymakers about the effects of their policies. No single assessment can serve all these needs; an assessment system is needed to inform all stakeholders. The intent is to allow everyone within the educational system to make informed decisions regarding improved student learning, teacher development, instructional program modifications, and changes in policy (Popham 2000).
Assessment has two fundamental purposes (Allal 2010; Black and Wiliam 1998; Heritage 2010; Shepard 2000, 2005):

1. To provide information about student learning minute-by-minute, day-to-day, and week-to-week so teachers can continuously adjust instruction to meet students’ specific needs and ensure progress. This type of assessment is intended to assist learning and is referred to as formative assessment or assessment for learning. Formative assessment occurs in real time, during instruction while student learning is under way.

2. To provide information on students’ current levels of achievement after a period of instruction has occurred. These assessments, which may be classroom-based, districtwide, or statewide, serve a summative purpose and can be used to provide student or school level scores. They help determine whether students have attained a certain level of proficiency after a period of time, at the end of an instructional unit, at the end of a semester, or annually (NRC 2001).
According to Wiliam (2006), one way to think about the different purposes for assessment is to conceptualize assessment as operating in different cycles: short, medium, and long. Figure 1 shows a continuum of assessment within a comprehensive assessment system.
Figure 1: Continuum of Assessment within a Comprehensive Assessment System. Adapted from the CDE ELA/ELD Curriculum Framework, 2013.
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(Adapted from California Department of Education [CDE] 2014 and Herman and Heritage 2007)
The assessments that are closer to student learning, minute-by-minute, daily, and weekly, operate in a short cycle because they address a short period of teaching and learning and guide teacher decisions about what to do next as the unit progresses. Short-cycle assessment serves a formative purpose because its intended use is to inform immediate teaching and learning. Assessments administered at the end of the year are long-cycle because they cover a much longer period of learning. They are primarily used for summative purposes. The assessments that fall in between short-cycle (formative) and long-cycle (summative) are medium-cycle assessments. Often referred to as interim or benchmark assessments, they are administered periodically throughout the school year, at specific times during a curriculum sequence to measure students’ knowledge and skills relative to an explicit set of longer learning goals (Herman, Osmundson, and Dietel 2010).


Some school districts administer summative assessments to students throughout the year to determine if students are learning the grade level science content recommended in the state standards and to evaluate the district science program. Examples of the types of summative science assessments used in school districts in California include curriculum-embedded assessments, benchmark and interim assessments, and end-of-course tests. 
End-of-course tests are used by teachers and districts at the middle and high school levels to determine the content learned by students as a result of taking a specific course of study. Districts also implement end-of-course tests to establish the effectiveness of the curriculum in each science domain; ensure that course content is focused on state standards; establish a common level of expected student performance; ensure that evaluation of student performance is consistent across classrooms and schools in the district; and to identify students who need additional help to meet graduation requirements. 

A system of assessments, from the classroom level to the state level, will be needed to measure the CA NGSS and provide students, teachers, administrators, policy makers, and the public with the information each needs about student learning (NRC 2014, 4). Within this new assessment system, a range of assessment strategies designed to answer different types of questions are necessary at both the classroom and state levels, with appropriate degrees of specificity that will provide results, yet complement one another. New assessment systems will need to include three components:

1. Assessments designed to support classroom instruction

2. State assessments designed to monitor student learning on a broader scale, and

3. A series of indicators to monitor that the students are provided with adequate opportunities to learn science (NRC 2014, 4).


It is recommended that the implementation of new assessment systems be undertaken gradually and phased-in over time. To be successful, new assessment systems will need to thoughtfully and consistently reflect the challenge of ensuring equity in the opportunities that students from diverse backgrounds have to demonstrate their knowledge and abilities. Meeting this challenge will require clear understanding of the opportunities all students have had to learn science and to be fairly assessed. Technology will have a critical role in the implementation of assessment systems that are aligned to the CA NGSS, and every choice made in implementing a new system will require careful analysis of costs and benefits and their tradeoffs (NRC 2014, 217–218).

Conceptual Shifts in Assessing the California Next Generation Science Standards (CA NGSS)

Student understanding of the disciplinary core ideas, scientific and engineering practices, and crosscutting concepts defined in the CA NGSS cannot be captured in a simple set of multiple-choice questions. According to the NRC Assessment Report, new assessments will need to be designed and developed to capture the three-dimensional learning advocated by the NGSS. Three-dimensional assessments will need to consist of different strategies ranging from teacher observations of student thinking and direct feedback, hands-on performance tasks, constructed response investigations, portfolios, and technology-enhanced items (NRC 2014).


The CA NGSS describe the goals for science learning in the form of performance expectations (PEs). Performance expectations are statements about what students should be able to know, do, and understand by the end of each grade level. Performance expectations are intentionally designed to gather evidence of students’ abilities to apply the scientific and engineering practices (SEPs) and their understanding of the crosscutting concepts (CCCs) in the contexts of specific applications in disciplinary core ideas (DCIs) (NGSS Lead States 2013). The CA NGSS require a different way of thinking about assessment. What differentiates the CA NGSS from past California standards is the way the CA NGSS weave together the three dimensions of the SEPs, DCIs and CCCs (CADOE 2014). In creating assessments, teachers and leaders will need to select bundles of PEs to define teaching units and the assessment targets for those units. Once performance expectations are identified, it will be important to analyze the PEs considering the level of expectations for students with respect to the DCIs, SEPs and CCCs to design a task which may have multiple linked components, or set of such tasks to elicit evidence of student understanding. While formative assessments may, on occasion, focus on only one of the three dimensions to monitor student learning, both classroom summative and state assessment tasks should be three-dimensional.

Students will need repeated exposure to investigations and tasks aligned to the CA NGSS performance expectations, guidance about what is expected of them, and opportunities for reflection on their performances as they develop these proficiencies (NRC 2014). While the performance expectations provide a starting point in defining the claim or inference that is to be made about student proficiency, it is also important to determine the observations (forms of evidence in student work) that are needed to support the claims, then develop the assessment components that will elicit the needed evidence (NRC 2014). 



According to the NRC Assessment Report, to adequately cover the three dimensions, assessments will need to: 

1. Contain multiple components (e.g., sets of interrelated questions). Specific components may focus on individual practices, core ideas, or crosscutting concepts, however, together the components need to support inferences about students’ three-dimensional science learning as described in a given performance expectation. For example, a task designed to elicit evidence that a student can develop and use models to support explanations about plate tectonics in the context of a core idea will need to have several components (NRC 2014, 89). It may require that students articulate a claim, develop or describe a model to support the claim, and provide a justification that links evidence to the claim (NRC 2014). For the purpose of making an appraisal of student learning, no single piece of evidence will be sufficient; rather, the pattern of evidence across multiple assessment components will provide a sufficient indicator of student understanding and learning (NRC 2014, 89). Figure 2 highlights the difference between a sample single item used to measure past California standards and a multi-component task that could be used to assess NGSS (Pellegrino 2014). In the multi-component task about volcano formation, students are required to: (A) draw a model of a volcano formation at a hot spot using arrows to show movement; (B) use their model to explain what happens with the plate and at the hot spot when a volcano forms; (C) draw a model to show a cross-section of volcano formation; and (D) use their model to explain what happens when a volcano forms near a plate boundary. Figure 3 shows two student responses to Part A of the multi-component task. In the drawing on the right, Student 2’s model is incomplete. It does not model the plates moving across the hot spot. In the drawing on the left, Student 1’s model is complete showing the plates moving across the hot spots using arrows to show movement. Student 1 also labeled all of the parts of their model. (SRI International 2013)

2. Address the progressive nature of learning by providing information about where students fall on a continuum between expected beginning and ending points in a unit or grade. The CA NGSS require that assessment tasks be designed to accurately locate students along a sequence of progressively more complex understandings of a core idea and successfully more sophisticated applications of practices and crosscutting concepts.

3. Include an interpretive system for evaluating a range of student products that are specific enough to be useful for helping teachers understand the range of student responses and provide tools for helping teachers decide on the next steps in instruction.

Figure 2: Single Item and Multi-component Task. 
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Figure 3: Student Responses to the Multi-Component Task.
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A well-designed science assessment can motivate students and be used as a learning tool for both students and teachers. Student reflection on what they have and have not yet accomplished is an important driver of student learning. Assessment must be closely aligned with the goals of the CA NGSS, curriculum, and instruction to support learning. Science assessments provide students with the opportunity to demonstrate and evaluate their understanding of important and meaningful science content, to use scientific and engineering practices, and to apply their knowledge and understanding to real-life situations. A well-designed assessment guides teachers’ instruction, improves student learning, and develops discipline-specific thinking skills that are critical to the effective teaching and learning of science. Teachers and administrators can use assessments to monitor and evaluate a successful instructional program.


Assessment is the process of reasoning from evidence. The process of collecting evidence to support inferences about what students know and can do is fundamental to all assessments, evidence which ranges from teacher notes about conversations students have with their peers or their teachers as they work through a problem or an investigation to assessments administered at the end of a unit or at the state level (NRC 2014).


The NRC Assessment Report recommends a research-based, evidence-centered design (ECD) approach (Mislevy 2007) to developing assessment tasks. In this approach, designers construct an assessment argument, a claim about student learning that is supported by evidence collected as the student responds to the assessment task (Huff et al. 2010; NRC 2014, 52). The claim must be supported by observable and defensible evidence and the task must be designed to elicit such evidence. Table 1 below shows the three essential components of the overall ECD process. The process starts with defining the claims that one wants to be able to make about students’ knowledge (claim space) and the ways in which students are supposed to know and demonstrate understanding of some aspect of a content domain (evidence and task) (NRC 2014).
Table 1: Evidence-Centered Design Process

	Claim Space
	
	Evidence 
	
	Task 

	Exactly what knowledge do you want students to have and how do you want them to know it?
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	What will you accept as evidence that a student has the desired knowledge?

*************************

How will you analyze and interpret the evidence?
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	What task(s) will the students perform to communicate their knowledge?


Source: Pellegrino et al. (2014, fig.29.2, 576) [we may need permission from Cambridge University Press to use this.]
The example in Table 2 below uses the ECD approach to show the knowledge students need to understand about Newton’s Third Law clarified with tasks and evidence. Note that while the claim and evidence are general, the task must describe a particular situation and explicitly ask students to provide the evidence that is needed.
Table 2: Example case linking knowledge with evidence and tasks

	Claim Space
	
	Evidence 
	
	Task 

	Students know that:
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	Students should be able to:
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	For a pair of interacting objects, the force exerted by the 1st object on the 2nd object is equal in strength to the force that the 2nd object exerts on the 1st, but in the opposite direction.
	
	Explain that two objects each object will experience a force due to the collision with the other; the two forces are equal (in magnitude) and opposite (in direction).
	
	1) Describe what happens when two objects collide in terms of the forces on each object due to the collision with the other.

	
	
	Students can predict what will happen in a model or system with two or more objects when they collide and can explain their prediction.
	
	2) Imagine that there is a collision between a small car moving in one direction and a large truck moving at roughly the same speed in the opposite direction. Predict what will occur and explain the reasons for your prediction.

	
	
	Apply scientific ideas or principles to design an object that will protect another object in a collision.
	
	3) Create and test a design solution that will protect a fragile object in a box when the box is dropped and collides with the floor.

Provide an argument using science ideas about forces and energy that explains why your solution works.


ECD differs from traditional approaches to the development of assessments and supports the direction of the CA NGSS. ECD provides a systematic approach to designing assessments that elicit student performances that reveal student proficiencies, while teacher observations of these performances and their products can support inferences about the constructs being measured (NRC 2014). ECD is strongly recommended for the development of assessments that effectively measure content intertwined with scientific and engineering practices and crosscutting concepts (NRC 2014, 52).
Effective Classroom Assessment Strategies Supporting the California Next Generation Science Standards

A strong alignment between assessment and instructional choices is important to monitor and further progress of student learning along all the three dimensions.

According to the Center for Assessment and Evaluation of Student Learning (CAESL), the key elements of effective classroom assessments can be represented by the Assessment-Centered Teaching Framework, which consists of the Assessment Knowledge Triangle and the Assessment Instruction Cycle (DiRanna et al. 2008). The triangle representing the CAESL Assessment-Centered Teaching Framework is illustrated in Figure 4 below.
Figure 4: CAESL Assessment-Centered Teaching Framework
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The Assessment-Centered Teaching Framework consists of two interrelated parts, the Assessment Knowledge Triangle and the Assessment-Instruction Cycle. The triangle represents the assessment knowledge to strengthen in teachers. It consists of vertices labeled “Quality Goals for Student Learning and Progress,” “Quality Tools,” and “Quality Use,” as well as bidirectional lines that indicate the alignments between vertices. The cycle in the center represents assessment practice and describes the relationship between engaging the students in instruction, assessing what happens and what is learned, and then re-engaging students in instruction based on evidence from the assessment. It represents what classroom practice looks like when teachers use Assessment-Centered Teaching (ACT). 


The ACT Framework also helps us understand the importance of alignment, not just among the knowledge vertices but also between the two key elements of Assessment-Centered Teaching: assessment knowledge (the triangle) and assessment practice (the cycle). Assessment-centered teachers continuously assess what students understand and use that information to adjust their teaching. Assessment-Centered Teaching (ACT) is a unique practice that allows teachers to gather information during instruction to uncover learning gaps and guide students toward deeper understandings of complex ideas.
Quality Goals for Student Learning and Progress


There is a very close relationship between identifying what students should know and be able to do, and how students will demonstrate that understanding. Therefore, assessment-centered teachers recognize that instructional unit planning entails three coordinated pieces; constructing learning goals, selecting the content to be taught, and selecting appropriate assessments. 

Three-dimensional learning goals include content that is based on scientific principles as reflected in the CA NGSS and that is developmentally appropriate for the intended audience. For example, learning goals about the structure of an atom are more developmentally appropriate for secondary rather than elementary students. Coherent learning goals that sequence and link conceptual understanding for students help teachers decide what they want students to learn and when to assess student understanding along a learning trajectory. In addition, quality learning goals are feasible given the time and resources devoted to the identified concepts.

Quality Tools


Quality tools include both assessment tasks and scoring guides that are used to interpret student understanding. Quality tools are aligned to learning goals. Selecting quality tools is as important as selecting quality instructional materials. Teachers understand that quality assessment tools have certain features. They must be appropriate for their purpose and aligned with quality learning goals to enable teachers to make inferences about student progress toward the learning goal. Quality tools are valid and reliable, which means that the tools measure what they are intended to measure and do so consistently and reliably. 


Quality tools must elicit the full range of student understanding of the content as appropriate for the grade level. The tool must also be accurate in measuring student understanding. Accuracy is more likely when quality criteria address clear expectations for teachers and students, and when the quality tools are fair and unbiased. The tasks should enable students of different genders, ethnicities, and language groups to understand what is being assessed and to perform well. The criteria should guide teachers toward an unbiased interpretation of student responses. A final feature for quality tools is one of practicality because time for teaching and learning is limited in all classrooms. Assessments need to be efficient and feasible to ensure that teachers have time to analyze student responses and use the information to improve student learning.
Quality Use


Quality use is how teachers interpret and use the evidence about student understanding that they collect with quality tools. The strategic use of quality tools to support student learning is integral to the pedagogical practice of Assessment-Centered Teaching. Evidence from quality assessment tools can be used to guide instruction, provide feedback to students, involve students in accountability and reflection, and refine instructional materials and critique and revise assessments for future implementation.

Of course, the quality of the use of the data depends on the sound interpretation of those data. Assessment-centered teachers understand that, in addition to paying attention to the knowledge represented by the vertices of the assessment knowledge triangle, one must also pay close attention to the lines or relationships between these points. 

Sound Interpretation


The interplay between the vertices of the triangle is so intertwined that describing this line may seem redundant. However, this redundancy can be helpful in strengthening teachers’ assessment knowledge and practice. For example, an interpretation can be sound only if it is aligned with the initial learning goals and based on information collected with a quality tool. When teachers interpret student work, they reflect on issues that require they pay attention to many elements of the ACT Framework: Are my criteria aligned with my learning goals? Do they capture the full range of student understanding of targeted learning goals? Have I scored consistently? To what extent does my analysis of class performance reflect the opportunities of all my students to learn the curriculum? (Gearhart et al. 2006).

Alignment


Alignment represents the relationship between Quality Goals for Student Learning and Progress and Quality Tools, yet it is also a key component of Sound Interpretation. When teachers interpret student work, they reflect on how the tool relates to learning goals: Does the tool in fact measure the learning goal? At what level does the tool measure the content understanding? Is the tool fair and unbiased? Does it provide opportunities to capture a range of student understanding? Are expectations clear for students? Is the tool efficient and feasible for the scope of the content to be assessed?

Refinement


Refinement describes the variety of ways in which evidence from sound interpretations of student work can be used: to monitor and adjust instruction, refine instructional materials, and refine assessments. When teachers adjust or refine their instruction, they reflect on the sequence of learning: What gaps in student learning are evident in student work? What instructional revisions might be needed to close these gaps? What additional or supplemental activities should be added to the learning sequence to help students progress toward a learning goal? When teachers refine assessments, they reflect on the quality of the tool: How does the task structure enable students to respond? What needs to be refined in the task and/or the criteria to better elicit student understanding on their progress toward the learning goals?
ACT Framework Expanded: Assessment-Instruction Cycle


The second component of the Assessment-Centered Teaching Framework is the Assessment-Instruction Cycle in the center of the triangle. This cycle depicts quality assessment practice, the ways that assessment-centered teachers plan, implement, and use evidence to reflect on their practices and the impact of their practices on student achievement.


The cycle begins when teachers determine their Quality Goals for Student Learning and Progress. Assessment-centered teachers reflect on what should be taught, focusing on the big ideas or concepts of the discipline, standards, and curriculum. Teachers develop a conceptual flow (DiRanna 1989; DiRanna and Topps 2004) of the concepts students should understand about a certain topic at the end of a period of instruction. The process leading to the creation of a Conceptual Flow allows teachers to analyze and organize the content their students will need to know to achieve understanding of the big ideas of science. These carefully selected concepts ultimately become the learning goals for the unit of instruction, are organized for an instructional sequence, and serve as the targeted goals for the assessment plan. 


The next step in the cycle is to construct an assessment plan. Using a process termed the Record of Assessment in Instructional Materials (RAIM), assessment-centered teachers identify appropriate assessment points in their instructional Conceptual Flow and then select potentially appropriate assessment tools in their instructional materials to measure student learning. These key assessment points, usually a pre-assessment, a post-assessment, and a series of critical juncture assessments, monitor students’ progress toward the learning goals. For each targeted goal, the assessments answer key questions:

· What does each student know before the unit begins (pre-assessment)?

· What does the student understand about the concept at critical points in the unit (formative assessments)?

· What does the student understand about the concept at the end of the unit (post-assessment)?

The last step in planning is to prepare for the assessments. In this step, teachers reflect on their assessment plan and determine how best to instruct students so they can demonstrate their understanding via the assessments. Teachers reflect on the assessment tasks and determine how they will administer the tasks. Lastly, teachers select target students to monitor student progress in a strategic manner.


Once planning is complete, teachers implement the unit of instruction, integrating the assessments as they teach. When teachers interpret the student work, they score and analyze the responses for whole class patterns and trends in student understanding. Based on the analysis of student work, the assessment-centered teacher considers the implications for instruction for individuals and groups. In addition, data-driven analysis from student work may reveal the quality of the assessment tools and the role they played in providing evidence of student understanding. A teacher may decide that a weak tool has provided weak evidence and implement a different assessment to provide better information, or the teacher may decide to revise the assessment for future implementation of the same unit. The Assessment-Instruction Cycle begins anew with the next unit of study.


An online overview and practice materials with the CAESL Assessment-Centered Teaching Framework is available at: https://www.mydigitalchalkboard.org/portal/default/Content/Viewer/Content?action=2&scId=506599&sciId=15768
What does a Formative Assessment-Centered Science Classroom Look Like?


Every day, science teachers are asking questions, listening carefully to students as they explain their ideas, observing students as they work in groups, examining student writing and drawings, and orchestrating classroom discourse that promotes the public sharing of ideas. These purposeful, planned, and often-spontaneous teacher-to-student, student-to-teacher, and student-to-student verbal and written interactions involve a variety of assessment techniques. These techniques are used to engage students in thinking deeply about their ideas in science, uncover the preexisting ideas students bring to their learning that can be used as starting points to build upon during instruction, and help teachers and students determine how well individuals and the class are progressing toward developing scientific understanding (Keeley 2008, 3)
.


The following “snap-shots” provide a brief glimpse of what different formative assessment strategies that support the CA NGSS look like in primary, intermediate, middle and high school science classrooms. 
A Primary Science Classroom: Grades K–2


In a first grade science classroom, students are having a “science talk” to decide how animals illustrated on a set of cards use their body parts in different ways to move from place to place (LS1.A). After using a Card Sort strategy to group the cards with pictures of animals with cards with pictures of their structures for moving from place to place, the teacher encourages the students to develop a rule that could be used to decide how an animal uses its structures to move. The students share their ideas, openly agreeing or disagreeing with their peers. The teacher records the ideas that are most common among students and notes the reasoning students use. She notices many students think animals can only move from place to place by using their legs and that humans are not animals and makes note of this to address in the next lesson. She then gives students an opportunity to regroup their cards, using the rule they developed as a class. She listens carefully as students explain their reasoning based on the “animal rule” they developed. The teacher adds new cards to the Card Sort. Some students decide they need to revise the rule to fit the new cards. The teacher probes deeper to find out why some students revised their thinking. (Keeley 2008, 1–2).
An Intermediate Science Classroom: Grades 3–5


In a fifth grade science classroom, students use a P-E-O Probe to predict and explain whether the mass of an ice cube in a sealed ziplock bag will increase, decrease, or stay the same after it melts (PS1.A). Using the Human Scatterplots technique, the teacher quickly sees that students differ in their predictions and confidence in their answer. She then provides them with an opportunity to discuss their prediction and the justification for it in small groups. The teacher listens carefully and notes the preconceptions students bring to the problem, particularly concepts they may have encountered previously, such as ice floating, that seem to muddle their understanding of the conservation-of-matter phenomenon of ice melting.


After students have had an opportunity to explain their thinking about what would happen to the mass of the ice cube after it melts, the teacher provides an opportunity for students to test their ideas by observing and recording the mass of an ice cube in a sealed ziplock bag before and after it melts. She notices how some students are starting to rethink their ideas. The class then comes together to discuss and reconcile their findings with their original predictions and ideas. The students use Scientists’ Ideas

Comparison to examine their new thinking and compare how closely their current ideas match the scientific explanation (Keeley 2008, 2).
A Middle School Science Classroom: Grades 6–8


In a sixth grade science classroom, the teacher uses a Familiar Phenomenon

Probe to uncover students’ explanations for the phases of the moon (ESS1.A). Using the Sticky Bars strategy to anonymously display students’ ideas, the teacher and the class could instantly see that most students believed the phases of the moon were caused by the shadow of the Earth on the moon. Knowing that this would be a difficult idea to change, the teacher designs a lesson that involves the students in constructing a model to visually see for themselves how the position of the moon in relation to the Earth and the sun results in the different moon phases. After students experience the model, they revisit their original explanations and have an opportunity to revise them. The next day, students are given a task of researching lunar eclipses. They work in small groups with whiteboards to illustrate and explain the difference between an eclipse and a new moon. Students share their whiteboard ideas and get feedback from the class and teacher regarding the differences in representing the two sun-Earth-moon phenomena.


At the end of the lesson, students use I Used to Think . . . But Now I Know to reflect on their original explanation for the phases of the moon and describe how comparing the model of an eclipse with the model of a moon phase helped them better understand both phenomena (Keeley 2008, 2).
A High School Science Classroom: Grades 9–12


In a high school chemistry class, small groups of students are using Agree & Disagree Statements to discuss and reconcile their different ideas about the claim: “Depending on the phenomenon being observed, electromagnetic radiation (e.g., radio, microwaves, visible light) can be modeled either as a wave of changing electric and magnetic fields or as particles called photons (related to Disciplinary Core Idea PS4.B and performance expectation HS-PS4-3).” One student agrees with the claim that the photoelectric effect can be explained using the particle model of the electromagnetic radiation: light, modeled as particles with kinetic energy, are being absorbed by the electrons in the metal on which the light is shining; if the energy of the light particle is high enough, the electron will be emitted from the metal. Another student who disagrees with this claim argues that more electrons are emitted as the amplitude (brightness) of the light increases; the amplitude of the light source describes light as a wave. Each group is trying to come up with a consensus idea and explanation to share with the class along with a method to test the idea. The teacher circulates among groups, probing further and encouraging argumentation. Students write a Two-Minute Paper at the end of class to share their thinking with the teacher and describe what they need to do next to test their ideas. The teacher uses this information to prepare for student inquiry the next day (Keeley 2008, 2).
Principles of Good Practice for the Assessment of Learning
According to the Assessment Reform Group (ARG), assessment for learning is one of the most powerful ways of improving student learning (ARG 2002). They maintain that while assessment of learning is used for providing grades and reporting, assessment for learning is the process of seeking and interpreting evidence for use by learners and their teachers to decide where the learners are in their learning, where they need to go and the best way for getting there (ARG 2002). Ten research-based principles guide classroom assessment practices. Assessment for learning should:
1. Be part of effective planning for teaching
2. Focus on how students learn
3. Be recognized as central to classroom practice

4. Regarded as a key professional skill for teachers

5. Be sensitive and constructive because any assessment has an emotional impact

6. Take into account the importance of learner motivation

7. Promote learning goals and a shared understanding of the criteria by which they are assessed

8. Help learners know how to improve
9. Develop learners’ capacity for self-assessment so that they can become reflective and self-managing
10. Recognize the full range of achievement of all learners 

Figure 5 below describes the ARG’s research based principles of assessment for learning.
Figure 5: Ten Researched-based Principles of Assessment for Learning

(ARG 2002) May need permission


Types of  Assessment Supporting the California Next Generation Science Standards

Classroom science assessments that support the CA NGSS can be categorized into three main areas: entry-level assessments; progress-monitoring or formative assessments; and summative assessments. Table 4 below defines the three types of classroom assessments and provides examples of assessment strategies for each level. While the examples of classroom assessment strategies are shown by grade level in Table 4, these strategies can be adapted for use in any grade level. 

Table 4:  Classroom Assessments

	Classroom Assessments
	Examples of Strategies

	Entry-level Assessments
	To assess students’ previous understanding of disciplinary core ideas and their ability to use scientific and engineering practices and/or apply cross cutting concepts, what students know and what can they do before instruction.
	Grades K-2: KWL Charts

Grades 3-5: Quick Writes

Grades 6-8: Individual White Boards
Grades 9-12: Formative Assessment Probes
	Page xx

Page xx

Page xx

Page xx

	Progress-Monitoring Assessments
	To check on student understanding of disciplinary core ideas and their ability to use scientific and engineering practices and/or apply cross cutting concepts during instruction.
	Grades K-2: Science Notebooks

Grades 3-5: Exit Cards

Grades 6-8: Placemats

Grades 9-12: Think, Pair, Share
	Page xx

Page xx

Page xx

Page xx

	Summative Assessments
	To assess students’ three-dimensional learning as stated in the performance expectations as a result of instruction or after a period of time.
	Grades K-2: Performance Task

Grades 3-5: Multi-component Task

Grades 6-8:Develop and Use a Model

Grades 9-12: Technology-enhanced Task
	Page xx

Page xx

Page xx

Page xx




Entry-level Assessment  


Entry-level assessments determine the level of student readiness for a given unit or course. They can be used to probe for student understanding of disciplinary core ideas or the level of sophistication in using a practice. They should be determined early in the instruction and with a clear understanding of what students need to know and be able to do at the end of a lesson or unit. Teachers need to know what previous understandings, knowledge, and experience with NGSS students have had when they arrive in their classrooms. What skills and strategies do students have? Do they already know some of the material to be taught? What pre-conceptions do they have about the material being taught? The purpose of the assessment of students’ prior understanding is to determine their initial knowledge and abilities (Popham 2003). These assessments are primarily used to determine if individual students or groups of students have adequate prerequisite skills and/or if they are proficient in specific standards, and to plan appropriate and engaging instruction. 
Assessing a student’s prior knowledge and understanding may be as easy as probing students about the key concepts and ideas of a unit (Keeley, Eberle, and Farrin 2005). Prior knowledge can also be obtained from a simple yet well-crafted set of questions about the material to be taught. The results of such assessments need to be considered as teachers decide how and when to implement lessons and units in the science programs and instructional materials. 
While the following examples of classroom assessment strategies are shown by grade level in this section on entry-level assessments, these strategies can be adapted for use in any grade level. Some examples of entry-level assessments include: 

· Grades K-2: KWL Charts,

· Grades 3-5: Quick Writes,

· Grades 6-8: Formative Assessment Probes and Grades 9-12: Individual White Boards 

Entry Level Assessments for Grades K-2: KWL Charts
KWL Charts are graphic organizers that can be used to activate students’ prior knowledge of a topic. The letters KWL are an acronym for what students already Know, what they Want to know, and for what they will Learn (Regier 2012). The KWL chart is divided into three columns as shown in Table 5 below.
Table 5: KWL Chart

	K

What I know
	W

What I want to know
	L

What I learned

	Students write information in this space about what they already know about a topic
	Students write information in this space about what they want to know about a topic
	Students write what they learned in this space following instruction about a topic



KWL Charts can be used at any grade level. They allow teachers to find out students prior knowledge on a topic and adjust their instruction based on this information (Struble 2007).


Teachers in grades K-2 assess students’ prior understanding at the beginning of the school year and before introducing new units and lessons. For example, in kindergarten, students are required to develop an understanding of what plants and animals (including humans) need to survive and the relationship between their needs and where they live (K-LS1.C). Teachers make a KWL charts on the whiteboard in the front of the classroom. They ask students what they already know about what plants and animals need to survive and record the responses in the K column and what they want to know about plant and animal survival needs’ response are recorded in the W column. The student information in the KWL charts provides teachers with a quick pre-assessment of the students’ prior knowledge and allows them to adjust their lesson. Near the end of the lesson teachers asks the students what they learned and records their responses in the L column on the chart.

Entry Level Assessments for Grades 3-5: Quick Writes

Quick Writes are brief, timed writing activities where have students two to five minutes to reflect on and summarize their learning in writing. Reflecting on and summarizing their learning in writing allows students to make sense of their work. Research shows that summarization yields significant gains in comprehension and long-term retention of information (Wormeli 2005). As an entry-level assessment, teachers provide students with a prompt about a disciplinary core idea, a scientific and engineering practice and/or a cross cutting concept and ask students to think and write what they know about it. When the time is up, teachers look though the quick writes for information on student knowledge and levels of understanding of the topic of the prompt. According to Regier (2012), quick writes at the start of a class are a good way to activate students’ prior knowledge.


Teachers in grades 3-5 assess students’ prior understanding at the beginning of the school year and before introducing new units and lessons. For example, in grade 4 students are learning about energy. The teacher asks the class to do a quick write explaining how energy can be moved from place to place by moving objects (PS3.A). The students have two to five minutes to reflect on what they know about how energy can be moved and then summarize their understanding in writing. At the end of five minutes, the teacher looks through the student papers and uses the information to modify their instruction.

Entry Level Assessments for Grades 6-8: Formative Assessment Probes

Formative Assessment Probes are used for diagnostic purposes. As an entry-level assessment, the probes are intended to reveal the specific understandings and preconceptions students have about science concepts before instruction. They allow teachers to pinpoint what their students know, monitor student learning, and adjust teaching strategies accordingly. These concepts are based upon real-world observations about how the world works. Each probe consists of two parts to be completed by the student, a multiple-choice question and a justification for selecting the response (Keeley, Eberle, and Farrin 2005). The first part of the assessment probe is introduced by an engaging prompt about a familiar phenomenon. The prompt is followed by a question that requires students to select an answer from a set of possible student responses. These student responses contain research-identified common student ideas. Students select an answer to provide the teacher with a quick snapshot of their understanding. The second part of the probe asks students to describe and justify their thinking (Keeley, Eberle, and Farrin 2005).


"What's in the Bubbles" is an assessment probe from Uncovering Student Ideas in Science-25 More Formative Assessment Probes (Keeley, Eberle, and Tugel 2007). The probe targets ideas about particles during a change in state. Research shows that some students do not recognize that the bubbles in boiling water are bubbles of water vapor, water in a gas state. They may believe the bubbles are made of heat, air, or atoms of oxygen and hydrogen (Barker 2004). In addition to selecting a response that best matches their thinking, students must provide an explanation for their answer (curriculumtopicstudy.org/products/related-products/uncovering-student-ideas-in-science). Figure 4 below shows the ‘What’s in the Bubbles’ assessment probe. 

Figure 6: What’s in the Bubbles Assessment Probe (Keeley, Eberle, and Tugel 2007)
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A middle school science teacher wants to find out if her students understand that all living things are made of cells (MS-LS1.A). The teacher administers the Formative Assessment Probe, “Is it Made of Cells?” Students are provided a printed copy of a probe that contains a list of twenty objects with pictures. The students are asked to mark an X next to the list of objects or materials that they think are made up or were once made up of cells. As the students mark their papers, the teacher walks around the class observing the students’ responses. By reading the students’ probes, the teacher can find out which students understand which objects and materials are made up of cells. The teacher then asks students to explain their thinking and to describe a rule or reason that they used to decide whether something is or was once made up of cells. The teacher asks students to share their rules or explanations with the class. This discussion uncovers another layer of student prior knowledge providing further information for planning the next lesson.

Entry Level Assessments for Grades 9-12: Individual White Boards

Individual White Boards provide teachers with a quick assessment of student learning. As an entry-level assessment, teachers may ask the class a question that relates to the science and engineering practice of analyzing data and gives them a T-chart table with data asking them to make a graph representing the data in the table. Students will have to choose the type of graph as well as the correct position of the data points on the graph. At-a-glance, the teacher can observe students’ responses and quickly see students’ basic understanding related to representing data. Individual white boards can be used at any grade level and with a variety of topics. They allow teachers to quickly find out what students understand about a topic and adjust their instruction based on this information (Struble 2007).


Students in ninth grade will be learning about how energy is transferred and conserved in chemical reactions (HS-PS3.B). At the beginning of the unit the teachers asks the class to use their white boards and to write two statements about examples of systems in which energy is transferred and two statements about examples of how energy is conserved. The teacher moves around the classroom and reads students’ responses. By reading the whiteboards and asking clarifying questions the teacher can find out students’ understanding of how energy is transferred and conserved and how they use this crosscutting concept to explain phenomena that they have previously seen and remember. 
Summary for Entry-Level Assessments


Before assessing where students are in their learning, it is important for teachers to be familiar with their grade level standards and their grade level curriculum. They should review and analyze the intent of their grade level disciplinary core ideas, practices, and crosscutting concepts so that they can summarize in their own words the learning goals that students are expected to accomplish. Once the learning goals are identified, teachers can review and collect samples of what proficient student work should look like for a specific grade level, set criteria for proficient student work, and plan their assessments (Davies 2003). Collaboration with fellow teachers in small groups, such as teacher learning communities around classroom assessment, can provide teachers with the opportunity to learn about different assessment strategies and can support them in the continuous implementation of classroom assessment (Wiliam 2007). 

Progress-Monitoring Assessments

Formative assessment is defined as assessment carried out during the instructional process for improving teaching or learning (NRC 2001). Assessment becomes formative only when either the teacher or the student uses that information to inform teaching and/or to influence learning (NRC 2014; Shepard 2005; Wiliam 2007). Formative assessments are ongoing assessments that provide continuous opportunities for teachers to observe, question, listen, and provide immediate feedback to students. Formative assessment also provides opportunities for students to become more involved in the assessment process and to monitor their own learning. 

According to Keeley, Eberle, and Farrin (2005), classroom assessment occurs every day as formative assessment. It is used continually throughout the instructional process to monitor student-learning and to provide feedback to students on their learning (Keeley Eberle, and Farrin 2005). Since formative assessment occurs continually over a longer period of time, it provides numerous opportunities for teachers to probe for student understanding of disciplinary core ideas, practices, and crosscutting concepts.

Instruction and assessment are combined when formative assessment is used to support learning. “Everything students do--from conversing in groups, completing seatwork, answering and asking questions, to sitting quietly and looking confused--is a potential source of information about what they do and do not understand. The teacher who consciously uses assessment to support learning takes in this information, analyzes it, and makes instructional decisions that address the understandings and misunderstandings that these assessments reveal” (NRC 1996). 
While the following examples of progress monitoring assessment strategies are shown by grade level in this section, these strategies can be adapted for use in any grade level. Some examples of formative assessments for monitoring could include: 
· Grades K-2: Science Notebooks

· Grades 3-5: Exit Cards 

· Grades 6-8: Think, Pair, Share

· Grades 9-12: Placemats

Progress-Monitoring Assessments for Grades K-2: Science Notebooks 

Science Notebooks are modeled after the way scientists work. Scientists keep formal records of their procedures, thoughts, and findings in a laboratory notebook. Student science notebooks engage students in scientific thinking as they explore questions, make predictions, plan and conduct investigations, collect, organize, and use data, apply their learning, and communicate their understanding of science.


At the beginning of a first grade lesson on animal structure and function, a teacher introduces the class to snails (LS1.A). The students spend about 20 minutes observing the snails as the teacher guides a class discussion. The students then record their own observations, notes, drawings, and questions in their science notebooks. As the students work in their notebooks, the teacher walks around the class observing what students are writing in their notebooks and noting what kinds of questions they are asking. The teacher then uses the information to guide instruction.
Progress-Monitoring Assessments for Grades 3-5: Exit Cards

Exit Cards could be used on a regular basis for teachers to formatively assess what students understand and have learned during a current unit of study (Regier 2012). Nearing the end of class, the teacher asks students to respond to a question or quickly draw a diagram on a piece of paper or a sticky note. The teacher collects the Exit Cards as students leave class. The teacher looks through the Exit Cards to see if students generally understand the topic and/or if instruction needs to be modified the next day. 

At the end of a lesson in a fourth grade unit on plate tectonics (4 ESS2.B), a teacher passes out an exit card with a model of a volcano formation at a hot spot. The teacher has the students label the model and draw arrows to show the movement of the model. The teacher collects the exit cards as the students leave class. The teacher looks through the exit cards to see if the students understand what happens at the hot spot when a volcano forms and uses the resulting information to modify instruction the next day.

Progress-Monitoring Assessments for Grades 6-8: Think, Pair, Share

A Think, Pair, Share is a formative assessment strategy that teachers can use several times throughout a unit of study to gather information about students’ understanding. In a Think, Pair, Share, the teacher presents a question or a challenge to the class. The teacher provides students a few minutes to think about the question and to briefly write down their thoughts. The teacher then pairs students up with a partner. Students share their thoughts with each other and then participate in a whole class discussion. The teacher calls on student partners to share their ideas for possible solutions to the problem. By engaging in this process, students are able to refine their thinking and the teacher is able to assess the students’ overall depth of understanding (Regier 2012).


In checking on understanding during a seventh grade lesson on forces, the teacher may issue this statement: “The motion of an object is determined by the sum of the forces acting on it; if the total force on the object is not zero, its motion will change” (MS-PS2.A). The students are asked to think about this statement and briefly write their thoughts in their science notebooks. The students are then paired with a partner where they share and discuss their thoughts with each other. Then they participate in a whole class discussion where they have an opportunity to refine their thinking based on input from their class and the teacher is able to assess the students’ overall depth of understanding of the topic.

Progress-Monitoring Assessments for Grades 9-12: Placemats

Placemats are a formative assessment strategy where the teacher provides small groups of students with a piece of poster paper with a topic written on it. The students divide up the paper so that they have their own section to write in and they leave the middle of the paper blank to summarize their group understandings. Each student shares their thoughts with the other students in the group. When they are finished sharing, they write two or three main ideas in the center of the paper to share with the class. An analysis of the student Placemats provides teachers with an idea of what was learned in the unit allowing them to adjust instruction for the next lesson (Regier 2012). 


Students in a high school biology class are obtaining and evaluating information from online resources on different scenarios where homeostasis is maintained in living organisms, such as blood glucose levels, body temperature, and hormone levels (HS-LS1.A). Their teacher wants to see if students can plan and conduct an investigation to provide evidence that feedback mechanisms maintain homeostasis. The teacher provides small groups of students with a piece of poster paper. The students divide up the paper so that they have their own section to write in and they leave the middle of the paper blank to summarize their group understandings. Students share their thoughts with other students in the group. When they are finished sharing they summarize a design for an investigation that would produce data that would serve as evidence that feedback mechanisms maintain homeostasis.

Summary of Progress-Monitoring Assessments

In implementing monitoring of progress, or formative assessments, teachers continuously collect evidence, analyze it, and provide timely feedback to students. This is particularly important as students engage in the disciplinary core ideas by using the scientific and engineering practices and the crosscutting concepts. Determining if the students are using these tools for learning and providing explanations of phenomena is crucial to determine if conceptual understanding is occurring. Classroom discourse in which students are pressed to explain using evidence is an important vehicle to engage students in talking about their thinking and thus revealing the connections they are making among the three CA NGSS dimensions. The evidence and feedback are directly related to the standards and to the students’ leaning goals; communicated and understood by students to encourage self-reflection and goal setting; and used to show growth and improvement over time for students, teachers, and parents (Sadler 1989). The results from formative assessments are used to closely monitor individual student progress and to determine which students need additional instructional support. 
Summative Assessment 


While formative assessments occur minute-by-minute and day-by-day, summative assessments are cumulative assessments, usually occurring at the end of a unit of instruction. While entry-level and formative assessments often focus upon individual disciplinary core ideas, scientific and engineering practices, and/or crosscutting concepts
, summative assessments are typically designed to assess student three-dimensional learning as represented in the performance expectations.

Designed to measure what students have learned after a certain period of time, summative assessments are administered less frequently than formative assessments. In some cases, teachers use summative assessments as pretests to see what students understand before they teach a unit of instruction and as posttests afterwards to see what students learned as a result of their instruction. Summative assessments are used to measure the knowledge and practices of a student at a given point in time, as well as the effectiveness of an instructional program. Summative assessments provide an opportunity to measure disciplinary core ideas, scientific and engineering practices and crosscutting concepts. Summative classroom assessments should: 

1. Enable students to draw on what they have learned to explain new phenomena, think critically and make informed decisions (Shepard 2005), 

2. Consist of multiple measures including performance tasks, constructed response investigations, long and short essays, portfolios, interactive computer tasks, and well-constructed multiple-choice tests, and 

3. Allow teachers to reflect back on previous units to prepare for future lessons. 

Summative Assessments for Grades K-2


Students in a second grade class are investigating the question: How does land change and what are some things that cause it to change? Their teacher wants the class to conduct a performance task to compare solutions to slow or prevent wind or water from changing the shape of the land (2-ESS2-1). The teacher provides the students with sand, plastic salad boxes with lids and a hole in the front, straws, rulers, cups, small sticks, and a paper fence to make models to investigate how wind can change a sand dune. The students make a model sand dune inside the salad box with the sand, put the lid on the box, insert the straw though the hole in the front of the box and gently blow on the sand to see what happens. The students’ conduct an investigation to test different conditions and to recommend a solution to slow the wind eroding the sand dune (K-2 ETS1-2). The students record their observations, data, and explanations in a notebook. In writing up their findings they analyze and interpret data, observe and explain patterns in their data, and construct explanations based on evidence. Their teacher scores their work with a rubric and provides feedback. 
Summative Assessments for Grades 3-5


A teacher in a fifth grade class uses a component assessment task that combines a hands-on investigation with both constructed response answers and selected response answers. For the hands-on component, students plan and conduct an investigation to answer questions such as: Can combining other substances create new substances? The students use common materials such as a cardboard balance, plastic cups, plastic bags, baking soda, vinegar, and washers to conduct an investigation to determine whether the mixing of two or more substances result in new substances (5-PS1-4). The students then use evidence from the investigation to support claims and to construct explanations or to describe patterns in constructed response questions. The assessment also contains carefully designed selected response items that consist of multiple answer choices instead of only four answer choices. Students are encouraged to select all the answer choices that apply to answer the question. The answer choices are designed to contain elements of the disciplinary core idea, the practices, and the crosscutting concepts that associate with the task. The combination of a hands-on investigation, constructed response items, and better selected response items provide teachers with a more comprehensive picture of student understanding of a topic.

Summative Assessments for Grades 6-8


Students in a sixth grade science class have been learning about the cycling of water through Earth’s systems driven by energy from the sun and the force of gravity (MS-ESS2-4). To assess what the students have learned at the end of the unit, the teacher has students develop and use a model to demonstrate their understanding of the water that moves through a watershed. Students use accessible materials to develop a simple model that charts and compares inputs and various outputs of water from the watershed. They calculate the volume of water entering a small watershed as precipitation over the course of one year and note the amount of water that exited from that watershed via the outflow stream over the same amount of time as measured by a stream monitoring gauge, using data provided. The recognize that these two numbers are different and are challenged to develop a model that includes other ways the water might leave the system of be converted into some other substance such as plant matter. They generate data to test their ideas about what phenomena may occur in this natural setting and to describe ways that they might estimate the role played by the various not directly observed mechanisms by which water might leave the system. To better understand what the students understood about using models to investigate the cycling of water through Earth systems, their teacher has them use evidence from classroom investigations they have made of phenomena that may play a role (evaporation, plant uptake of water during plant growth, percolation through the soil into an underground aquifer) to construct explanations about the topic and to discuss limitations of their models and their ability to quantify the role of these various effects.
Summative Assessments for Grades 9-12


Students in a high school chemistry class have been learning about chemical reactions (HS-PS1-2, HS-PS1-4). To assess what the students have learned at the end of the unit, their teacher has students engage in a technology-enhanced task about the burning of methane gas on their computers.”
 In the task, students are assessed on their knowledge of chemical reactions by using molecular models to diagram the change in the arrangement of atoms and the numbers and types of bonds before and after reactions based on the outermost electron of the atoms involved in the reaction. Students explain the changes in the chemical molecules obtained and the number and types of bonds. Students use data tables provided that show the binding energy per molecule for each of the product and reactant molecules to calculate the energy released per CH4 molecule burned. The teacher uses a rubric to score the student work and provides effective feedback to students. An example of chemical reaction that could be used for this task is the combustion reaction CH4 + 2O2  ->  2H2O + CO2. 
Research maintains that the process of effective formative assessment consists of many strategies. Table 6 below outlines five key strategies and one suggested technique for implementing each strategy (Adapted from Wiliam 2007, Ch. 9, and modified to reflect the CA NGSS). 

Table 6: Key Strategies and Example Techniques for Effective Formative Assessment

	Strategy
	Technique
	Example Description

	1. Clarifying Learning Intentions and Sharing Criteria for Success
	Sharing Exemplars
	Before asking eleventh grade students to write a lab report, the teacher gives each student four sample lab reports representing varying degrees of quality. The lab reports are teacher-generated or from a previous class. Students are asked to analyze the reports and write a claim stating why certain reports are of a higher quality than others, provide evidence to support the claim, and provide reasons that the evidence cited supports the claim.

	2. Structuring Effective Classroom Discussions, Questions, and Learning Tasks that Elicit Evidence of Learning
	Individual Whiteboards
	During a fourth grade lesson on magnetism, the teacher asks the class what would happen if two like poles of two magnets were placed together. He asks the class to draw models with arrows indicating what would happen on their whiteboards and hold them up on the count of three. Using this kind of “all student response system” helps the teacher to get a sense of what students understand while requiring all students to engage in the task. If all models are correct, the teacher moves on. If none are correct, the teacher may choose to re-teach the concept in another way. 

	3. Providing Feedback that Moves Learners Forward
	Find it and Fix it
	Students in a middle grade classroom just completed a task on plant and animal cells. Rather than checking all correct answers and putting a check next to incorrect ones, the teacher tells a student, “three of your answers are incorrect; find them and fix them.” This requires the student to engage cognitively in response to the feedback rather than reacting emotionally to a letter grade.

	4. Activating Students as Learners of Their Own Learning
	Traffic Lighting
	After students in a third grade class complete a lesson on forces and interactions, they review the learning goal their teacher provided at the beginning of the lesson (such as designing a simple design problem that can be solved by applying scientific ideas about magnets) and hold up a colored circle to indicate their level of understanding. Green means I understand; yellow, I’m not sure; and red, I do not understand. At regular intervals, the teacher provides time in class for students to move their learning forward by turning their reds to yellows and their yellows to green. 

	5. Activating Students as Instructional Resources for One Another
	Pre-Flight Check List
	For homework, students in a ninth grade class design, evaluate, and refine a solution to a complex real-world problem based on evidence. Before turning in their work, students trade papers with a peer. Each student completes a “pre-flight checklist” by comparing the peer’s document against a list of required elements, e.g., identify a science-based societal issue, cite research studies, analyze data, construct explanations, and communicate scientific findings.


As teachers utilize these key strategies and techniques for formative assessment and integrate them into their practice, they gain insight on student learning and view their own practice in new ways. 

Additional Types of Assessment

Assessments should be based on multiple measures of student ability and include a variety of techniques for various learning styles and levels of readiness. Collections of different items can be used to address the three-dimensional learning goals in the CA NGSS. Examples of different types of assessment include the following: 
· Constructed response items

· Constructed response investigations

· Performance tasks

· Challenge statements

· Students’ science notebooks

· Whiteboards

· Graphic organizers

· Portfolios

· Technology-enhanced items

· Multiple-Choice or Select Response items

· Single answer

· Multiple answers
· Scoring Rubrics
Constructed Response Items

Constructed response items require students to write their own answers. These tasks are designed to explore students’ abilities to construct explanations and design solutions; engage in argument from evidence; communicate scientific understandings; reason scientifically; express positions on the applicability of scientific research; and design an experiment.


Students are presented with a prompt, usually in the form of a problem or scenario, and asked to communicate their understandings. Students work individually to record their responses. Student responses are scored with a scoring rubric tailored specifically to each task. Scoring rubrics can be holistic (where a single score is assigned to the entire task) or analytical (where each question on a task receives an individual score). Analytical rubrics are more diagnostic in nature and provide more detailed information regarding student understanding of science content and inquiry constructs in the task (Klein et al. 1998).
Constructed Response Investigations
Constructed Response Investigations are extended tasks that challenge students to apply their knowledge and skills to solve real-world problems as scientists and engineers. They contain a series of questions and activities that are coherently connected to a scenario. Students are provided a set of authentic data and a set of questions and are required to analyze the problem and the data; graph and interpret data; interpret relationships on graphs; construct explanations, models, questions, predictions, and/or hypotheses; recommend solutions; and/or design new investigations to further explore the problem in the task. Although students usually work individually, these tasks can be designed to include information that students would discuss with a partner before writing their individual responses.
Performance Tasks

Science performance tasks are those tasks where students must perform scientific or engineering work using the science and/or engineering practices and applying the cross cutting concepts to solve problems or analyze data related to some disciplinary core idea. As they complete the task students must record their work in requested ways and this record provides the basis for assessment. The tasks may involve hands-on work, investigation using simulations, or analysis of data produced by others. Certain practices, such as asking questions or defining a problem, developing and using models, planning and carrying out an investigation, analyzing and interpreting data, and developing explanations or designs are very hard to assess without performance tasks that require students to engage in these practices. These competencies were previously under-emphasized in science assessments.


Performance tasks take longer than traditional assessment tasks. They range from short tasks that may be completed in a single class period with each student working with individual materials and/or equipment, to curriculum-embedded tasks that are completed over multiple class periods. These longer tasks may involve a mix of group and individual activity, with the assessment scores based on the individual products as well as possibly on participation in the group work (which may use self and peer assessment strategies). They may be used as a formative assessment task to gauge student progress, or as a capstone project to provide a summative classroom assessment. The time involved in completing performance assessment tasks serves both learning and assessment purposes at the same time. The tasks promote student engagement, use of higher order skills, and challenge students to make choices and decisions about their work rather than to follow a pre-determined set of steps. When such tasks are used for classroom assessment, students typically receive feedback on their work and a chance to refine and improve upon it as a part of completing the task.

 
Challenge Statements
Challenge statements are assessment tools designed to investigate students’ thinking about disciplinary core ideas, scientific and engineering practices, and crosscutting concepts. The assessment tool consists of a deliberately provocative or ambiguous statement about a science concept, such as, “As electrical current passes through devices such as light bulbs and motors, some of it gets used up.” The learner is asked to agree or disagree with the statement and to explain his or her reasoning. Students are expected to explain their thinking using everyday language that shows their understanding. The goal of challenge statements is to make student thinking visible and not hide their preconceptions behind their science vocabulary.


Challenge statements may be used before and after a unit of instruction. Students start by thinking about the challenge statement and writing their thoughts individually. They discuss their ideas with their peers and then have an opportunity to revise their statement based on input from their group. Challenge statements demand deeper thinking and investigation. They set the stage for meaningful discussion as part of learning. Teachers score challenge statements with a rubric.
Students’ Science Notebooks

A science notebook provides a record of students’ work and thinking. Students use their notebooks to show their understanding, make meaning, apply it, and share it with their peers, teachers and parents (Marcarelli 2010; Robertson and Lankford 2010; Gilbert and Kotelman 2005; Fulton and Campbell 2004). These notebooks are intentionally designed to support interactivity and engage students in an exchange of ideas from teacher to student, student to student, student to parent, and parent to teacher.


As an assessment tool, science notebooks provide teachers with a window into students’ thinking and understanding. They provide teachers with access to students’ prior knowledge of content and to which content is still difficult for students to understand. Science notebooks provide ongoing documentation of student thinking which can be used to guide instruction. Science notebooks provide opportunities for teachers to see how student understanding develops throughout instruction, and for teachers to provide feedback. Feedback on this type of writing is formative and encourages students to continue thinking.


Science notebooks also help to enhance student literacy skills. They provide students opportunities to use various forms of expository writing, such as procedural writing, narrative writing, descriptive writing, persuasive writing, and labeling (Gilbert and Kotelman 2005). Science notebooks provide students with numerous opportunities to develop and enhance their written, visual, and oral communication skills.


Science notebooks can be used daily as a formative assessment and after a period of time as a summative assessment. As a product containing both written text and diagrams, science notebooks are developed and revised for public presentation, and after revision they may be graded and considered as a summative assessment.

Whiteboards

Whiteboards can be used individually or in groups and are powerful tools for allowing students to make their thinking visible. The use of whiteboards at the beginning of an instructional unit is an effective way to elicit students’ prior knowledge of the content to be taught. Before teaching a fourth grade lesson on circuits, a teacher may ask the class to quickly draw a complete circuit on their whiteboards and hold them up. The teacher can easily find out which students understand circuits and use this information to teach the lesson. During the lesson, the teacher may ask expert students to use their whiteboards to explain their thinking. This provides learners an opportunity to learn from a range of student understanding or different points of view (Marzano, Pickering, and Pollack 2001). At the end of the lesson, the teacher may have the students use the whiteboards to show what they learned and use this information to prepare for the next lesson.
Graphic Organizers

Graphic organizers, such as concept maps, Venn diagrams, and flowcharts are mental maps of student thinking and understanding. Concept maps help students see the connections between concepts and the differences among concepts. Venn diagrams help students see the relationships between ideas, and flowcharts can help students to sequence events, and compare inputs and outputs of a system. 


Graphic organizers help students to think critically, explore relationships, and process their own knowledge in a visual and organized method (Williams-Rossi 2012). 

Like whiteboards, graphic organizers can be easy to evaluate and to check for understanding, make student thinking visible, and help teachers assess what students do and do not understand. 
Portfolios

While a science notebook keeps an ongoing record of what was learned on a daily basis, and document the development of student thinking on each topic, a portfolio is a compilation of a student’s completed work on a variety of tasks. Teachers use student portfolios to evaluate the progress of the student, the class, the curriculum, and their instruction. Portfolios provide evidence for many stakeholders and are collections of student work designed to provide rich evidence of a student’s scientific literacy. They are used to measure student growth over time, showing achievement of science concepts, the deepening of understanding of scientific processes, and the growth of both communication and problem-solving skills. Through portfolios, students can become actively engaged in their own learning, gaining a sense of pride and ownership of their work. As an assessment tool, portfolios provide opportunities for students to reflect on and self-evaluate their learning and work; select a variety of different types of work they think best represent their understanding of science; and learn how to score and evaluate the work of peers. Portfolios can also be used as a tool for teachers and students to show parents evidence of student learning, and can be a component of summative assessment and grade assignment for a course.
Technology-Enhanced Items

New and existing technologies including mobile devices and computers can support the development and administration of CA NGSS-aligned assessments. Technology enhancements allow more opportunities for students to interact with tools, data, and the phenomena they are investigating, and rich media has expanded the possibilities for simulations of situations that cannot easily be created within the classroom (Pellegrino and Quellmalz 2010–2011).


Computer simulations can present students with rich, interactive assessments using simulations that model systems in the natural and/or engineered world. Science simulations can model authentic environments and make visible concepts that are difficult to observe directly or represent in a static graphic format such as convection currents, the movement of molecules in solids, liquids, and gases, and plate tectonics. In an interactive computer task, students have the opportunity to manipulate variables that they would not be able to manipulate in real time. In an assessment of plate tectonics and Earth’s structure, for example, students can investigate the results of different plate movements or how wind, water, and ice shape and reshape Earth’s surface.
As an assessment tool, interactive computer simulations allow students to demonstrate their understandings of science content and inquiry in an active manner. Moreover, computer technology associated with simulations can provide automatic feedback to students and teachers and can help to inform and guide instruction. Using simulations is an example of a task that blurs the line between tasks for learning and for assessment, as the same simulation can be used either as a learning tool or an assessment tool, and even play both roles at the same time. In the future, the ability to track student actions as they learn using a simulation will be able to provide teachers formative assessment information, but as yet few simulations are set up so that this capability exists.


An example of the interplay between learning and assessing using simulations are the various game-based simulations. In addition to the NAEP TELS technology-enhanced assessments described on page xx of this chapter, the College Board also utilizes innovative technology-enhanced items on the Advanced Placement (AP) Biology assessment. Figure 6 below shows an interactive graph where students drag the points to best show the effect of temperature change on the rate of transpiration (College Board 2012). Students are asked to manipulate the temperature data points in the graph so to match the plants’ transpiration rate data shown in the table. Note that only four temperature data points are available in the table compared to the nine data points in the graph. The students will use this step of the task to explain the change of trout population rate in a river stream. (From NRC 2014, Figure 5-7)

Figure 7: College Board AP Biology Technology-Enhanced Item
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(http://media.collegeboard.com/digitalServices/pdf/ap/IN120084785_BiologyCED_Effective_Fall_2012_Reised_lkd.pdf [December 2013])

The PhET Interactive Simulation website (https://phet.colorado.edu/en/simulations/category/new) provides another repository of online and downloadable research-based simulations designed for several subject areas. Each simulation has been extensively tested and evaluated to ensure educational effectiveness. All simulations are also open source so the codes can be modified according to teacher’s ideas and needs. The following examples of PhET simulations are shown below in Figures 8-10.
Figure 8: PhET – Forces and Motion (https://phet.colorado.edu/en/simulation/forces-and-motion-basics) 
In this simulation for elementary grades students drag and drop little figures representing more (big) or less (small) force and see what happens to the movement of a cart. They explore the forces at work when pulling against a cart, and pushing a refrigerator, crate, or person. Students can also create an applied force and see how it makes objects move, and change friction and see how it affects the motion of objects.
Figure 9: PhET – Glaciers (https://phet.colorado.edu/en/simulation/glaciers)

In this middle school task students use the simulation to identify and justify where snow accumulates in a glacier and explain how environmental conditions (temperature and precipitation) impact glacial mass. Students can adjust mountain snowfall and temperature to see the glacier grow and shrink, and use scientific tools to measure thickness, velocity, and glacial budget.
Figure 10: PhET – Gene Expression (https://phet.colorado.edu/en/simulation/gene-expression-basics)
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In this high school biology simulation students generate and collect three types of protein and investigate the factors that affect protein synthesis in a cell. Students predict how changing the concentrations and interactions of biomolecules affects protein production and explain the main sequence of events that occur within a cell that leads to protein synthesis. Students also explain how protein production in a single cell relates to the quantity produced by a collection of cells.
The Next Generation Science Assessment is a National Science Foundation (NSF) supported project that is developing, testing and analyzing sets of technology-supported diagnostic classroom assessments for middle school physical science. The project is addressing core ideas in physical science, matter and its interactions, by integrating middle school chemistry content of structure and properties of matter, chemical reactions, and energy with two science practices, constructing explanations and developing and using models. (http://ngss-assessment.portal.concord.org/search?search_term=&sort_order=Alphabetical&include_official=1) A few examples of items follow. These assessment materials are based upon work supported by the National Science Foundation under Grant Numbers DRL- 1316903, 1316908, and 1316874 and no endorsement by NSF should be assumed. The materials are undergoing further evaluation and are subject to possible revision. The materials are the product of a multi-institution research collaboration led by Dan Damelin, Concord Consortium, Christopher Harris, SRI International, Joseph Krajcik, Michigan State University, and Jim Pellegrino, University of Illinois at Chicago. 

Rubrics for the following items are on their way.
Figure 11: Item and Rubric Example 1 – Phase Change 
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Figure 12: Item and Rubric for Chemical Reactions and Mass
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Add rubric
Figure 13: Item and Rubric for Energy and States of Matter
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Add rubric
Multiple-Choice or Select Response Items


Multiple-choice items consist of a stem or question and a set of answer choices. Well-constructed multiple-choice items are complex and set in the context of a real-world scenario similar to a problem that scientist and engineers might be working on. The scenario can include several pieces of information that a student analyzes before selecting an answer(s). For example, in a multiple-choice item administered in an online environment, a student may be shown several pieces of information. The information could consist of: a synopsis of an investigation; data tables and graphs; and models for proposed objects, tools, or processes. The information would be presented in a series of tabs that the student would click on. The student would study and synthesize the information in the tabs and then respond to the question in the stem of the item by selecting either one answer choice or multiple answer choices.
· A single answer item contains four different answer choices in which only one of the four choices is correct. A single answer item instructs students to only select one answer choice.

· A multiple answer item contains more than four different answer choices in which several choices can be correct. Multiple answer items instruct students to select all of the answer choices that apply.


Well-constructed multiple-choice items are considered valuable components of an assessment system because they can provide broad coverage of important topics and allow students to demonstrate a variety of skills and knowledge (Stretcher 2010; Sadler 1989; Hambleton and Murphy 1992; Stiggins 1994). Researchers also report that well-constructed multiple-choice tests can also foster test-induced learning not only of previously-tested information, but also of information pertaining to the initially incorrect answer alternatives and can trigger the retrieval of content that was studied (Little et al. 2012).


Over the last decade, test developers have been attempting to build higher-order multiple-choice questions. These items are intentionally designed to focus on higher levels of cognition as defined by Webb’s Depth of Knowledge Indicators (Webb 2001) that rate the cognitive complexity of items from simply recalling facts to extended thinking. Within a higher-order item, the stem that presents a problem that requires application of course principles, analysis of a problem, or evaluation of alternatives is focused on higher-order thinking and thus tests students’ ability to do such thinking. Developers have also been attempting to design items with problems that require multi-logical thinking, e.g., “thinking that requires knowledge of more than one fact to logically and systematically apply concepts to solve a problem” (Morrison and Walsh 2001).

Scoring Rubrics

 A scoring rubric is a tool used to assess student performance that consists of the following three components:
1. Criteria. The characteristics of the student performance being assessed. For example, in evaluating a student performance about a claim, the characteristics of the student response might include: (a) an appropriate claim about phenomena supported by (b) specific evidence and (c) sound reasoning.

2. Rating scale. A built in rating scale is used to determine the level of performance. This is the degree to which a student response is expected to meet a given criterion. For example, if the criterion stated that specific evidence is needed to support a claim and the student response provides specific evidence—e.g., one magnet moved the paper clip 5 cm and 3 magnets stacked together moved the paper clip 15 cm—that response would receive a higher score than a response that stated, “More magnets moved the paper clip further.”

3. Descriptors. Specific explanations linked to each criterion and level of performance—the characteristics that are associated with each dimension. They provide descriptions of what the student response should look like at each level of the rubric. For example, for specific evidence in a rubric with 0-3 points, a student response that states that, “On the low slope the car went 10 cm, but on the high slope, the car went 25 cm,” the response would receive a score of 3.
Teachers use scoring rubrics to score student work and to provide feedback to students. The benefits of using scoring rubrics/guides include: 

· Clarifying learning goals for students

· Improving feedback to students

· Helping students understand expectations

· Helping students to self-assess their learning

· Inspiring student performance

· Making scoring more accurate, unbiased, and consistent

· Improving communication about student work with school faculty, parents, and the public

Teachers often use two different types of rubrics to score student work: holistic rubrics and analytical rubrics. A holistic rubric requires the teacher to score the overall student performance as a whole, without judging the individual parts of the performance separately (Nitko 2001). When using a holistic rubric, the teacher only assigns one score for the performance. These type of rubrics save time since the number of decisions a teacher needs to make is minimized. However, it may be difficult to select the best description of a student performance when student work is at varying levels and criteria cannot be weighted.

In contrast, an analytical rubric articulates levels of performance for each criterion in the rubric allowing teachers to assess student performance and provide specific feedback on several different dimensions. When using an analytical rubric, the teacher scores each part of the performance separately, then adds up the individual scores to obtain a total score (Moskal 2000; Nitko 2001). The teacher can also weight individual criterion to reflect the relative importance of each dimension.
When developing rubrics it is important for teachers to keep the following points in mind:

1. What is the purpose of the rubric? It is very important for teachers to define their goals for developing the rubric. For example, is the rubric being developed to judge student work, provide feedback, or both? Also, is the rubric intended for a simple learning task or for a complex project?

2. What type of rubric will best meet the intent of the student performance? The type of rubric—either holistic or analytical—will depend on the nature of the student performance. Analytical rubrics provide students detailed scores and feedback on different parts of their performance while holistic rubrics provide broad feedback and an overall picture of student performance.
3. What are the criteria in the rubric? The criteria in the rubric should reflect observable and measurable expectations relative to the performance for which the rubric is being developed. Each criterion should be different from the other and should be written in precise, unambiguous language.

4. What rating scale will be defined in the rubric? It is important to determine different levels of student performance in the rubric. It is also important that the rating scales reflect the purpose of the rubric for judging the student performance.

5. What type of descriptors will be defined in the rubric? The specific explanations linked to each criterion and level of performance in the rubric should be observable, measurable, and distinct from each other. They should progress from lower levels of performance to higher levels of performance in the rubric and should be written in a clear, consistent, and parallel language.
Examples of Formative Assessments within a 5 E Instructional Sequence


Throughout the seven-day 5 E instructional sequence, Ms. Rivera used a variety of formative assessment strategies to either assess students’ previous understandings, or to monitor student progress, of: 

· Disciplinary core ideas, or

· Specific scientific and engineering practices, or

· Crosscutting concepts 

At the end of the seven-day instructional sequence, she administered a summative three-dimensional unit assessment that addressed specific performance expectations that integrated disciplinary core ideas, scientific and engineering practices, and crosscutting concepts. The following examples show how Ms. Rivera used formative and summative assessment opportunities within a 5 E instructional sequence. 
Ms. Rivera’s 5E Formative Assessment Outline

Adapted from NGSS Tools and Process developed by the American Museum of Natural History with generous support from Carnegie Corporation of New York.

	Engage

Teacher Does
	Student Does
	Science Concepts (DCI, SEP,CCC)

	The teacher utilizes an entry-level formative assessment strategy that will focus students’ attention, stimulate their thinking and reveal their ideas, prior knowledge, and preconceptions related to the disciplinary core idea.

The teacher has students complete KWL Charts about food containing matter and energy for living things in an ecosystem.


	Students complete KWL charts about food containing matter and energy for living things in an ecosystem.

K

What I Know

W

What I Want to Know

L

What I learned

About food containing matter and energy for living things in an ecosystem.

About food containing matter and energy for living things in an ecosystem.

About food containing matter and energy for living things in an ecosystem.


	· DCI: LS2.B

Food contains matter and energy for living things in an ecosystem.


Linking question from Engage to Explore: What happens as matter and energy are transferred through an ecosystem?
	Explore

Teacher Does
	Student Does
	Science Concepts (DCI, SEP,CCC)

	The teacher utilizes a progress-monitoring formative assessment strategy that will provide students’ time to think and explore concepts, perform an investigation, solve a problem or construct models. 
The teacher asks questions about food webs, such as—What does the cow (or other herbivore) do with the matter it got from the plant? With the energy it got from the plant? And as a formative assessment strategy, has students construct models of a food web on their Individual White Boards.

The teacher moves around the classroom observing student work and asking clarifying questions.
	Students develop a model of a food web using arrows on their individual white boards to show the transfer of matter and the flow of energy. 


	· DCI: LS2.B

· SEP:  models

· CCC:  Energy and Matter
Food webs are models that show the relationships/interactions among decomposers, producers, and consumers as they transfer matter and energy in an ecosystem.


Linking question from Explore to Explain: How can we explain the patterns in our data about how matter and energy are transferred through an ecosystem?

	Explain

Teacher Does
	Student Does
	Science Concepts (DCI, SEP,CCC)

	The teacher utilizes a progress-monitoring formative assessment strategy that allows students to analyze their exploration. 

The teachers uses a Think, Pair, Share to provide students an opportunity to collaborate with their peers to make meaning from their experiences with the concept.

The teacher issues a statement about how matter and energy are being transferred in the terraria and decomposition jars. 

By listening to student discourse and observing student explanations, the teacher is able to assess the students’ overall depth of understanding of the topic.
	The students are asked to think about the teacher’s statement and to construct an explanation in their science notebooks. The students are paired with a partner where they share and discuss their explanations. 

Possible student responses might include:

· Temperature increases in decomposition jars because it absorbs heat from the room. 

· Mass stays the same.

· Ideas about the components of the systems.

Students participate in a whole class discussion where they have an opportunity to refine their thinking based on input from the class. 
	· DCI: LS2.B; DCI: ESS2.A; DCI: PS1.B

· PE: MS-LS2-3
· SEP construct explanation
Matter is conserved in the ecosystem and energy flows into the ecosystem from the sun and out of the ecosystem as heat.



Linking question from Explain to Elaborate: What happens in an ecosystem when parts of the ecosystem change?

	Elaborate

Teacher Does
	Student Does
	Science Concepts (DCI, SEP,CCC)

	The teacher utilizes a computer-based Technology-Enhanced Simulation as a progress-monitoring formative assessment strategy. The Technology-Enhanced Simulation challenges students with new investigations through which they can construct deeper understanding of the concepts and apply them to real world situations.

The teacher presents the “Wolf Sheep Predation Simulation” in which students can vary quantity of grass, sheep, and wolves and changes in quantity of energy units and how that number is changing over time as the simulation runs (each step the sheep and wolves take uses up energy, eating replenishes their energy, and when they run out of energy they die).

The teacher presents the class with the following key questions:

· What patterns are you noticing when you compare the mass and numbers of organisms in different feeding relationships?

· What is happening to the energy at each level of the food chain?

· Why does an ecosystem need a constant source of energy coming into it?, and 

· Why are decomposers so important in an ecosystem?
	Students connect back to engage/explore phases by:

Using data as evidence gathered from the simulation (model) to explain the flow of energy (and transfer of heat into the environment) as organisms interact in an ecosystem.

Using what they learned to explain the content representation/model using examples from the simulation.


	· DCI: LS2.B

· SEP:  models, analyze and interpret data

· Computational thinking

· CCC:  Energy and Matter
Matter cycles and energy is transferred in an ecosystem as organisms (living components) interact with one another and with their environment (nonliving components).



Linking question from Elaborate to Evaluate: What is the effect of interactions between the living and nonliving parts of an ecosystem?

	Evaluate

Teacher Does
	Student Does
	Science Concepts (DCI, SEP,CCC)

	The teacher utilizes a summative formative assessment strategy in the form of a final assessment.

Students are asked to develop models of ecosystems and construct explanations related to their models in order to describe the cycling of matter and the flow of energy among the living and non-living parts of ecosystems.

The teacher uses a rubric to score the student work and provides oral and written feedback.
	Students develop models of ecosystems and construct explanations related to their models to describe the cycling of matter and the flow of energy among the living and non-living parts of ecosystems.


	· PE: MS-LS2-3
· PE: MS-PS1-5
· PE: MS-ESS2-1
The amount of matter is conserved as it cycles through the living and nonliving parts of an ecosystem, but some energy becomes unusable by the living parts of the ecosystem when it is transferred to the environment as heat.


The Role of the Teacher and the Role of the Student in Classroom Assessment: Strategies for Feedback

The Role of Teacher Feedback in Classroom Assessment

The teacher’s role in ongoing assessment is to facilitate student growth, understanding, and learning. Teachers use continuous assessments to: improve classroom practice, plan and adapt curricula, develop self-directed learners, report student progress, and investigate their own teaching practices (Shepard 2005).


While numerous strategies can be used for formative assessment, current research shows that higher-level questioning, descriptive feedback, student self-assessment and reflection, and student self-regulated learning all have a positive effect on student achievement and the ability of students to transfer their learning to new situations (Popham 2008; Wiliam 2007).

At the center of the teacher’s work when the students are engaging in the science and engineering practices are conscious strategies to engage the students in the thinking and discussion expected, and to respond to student questions and ideas. The kinds of questions a teacher asks and the way that the teacher responds to student input and questions are both critical to furthering the student discourse. While there are times when a teacher must engage in direct instruction to provide essential knowledge, at other times, when the goal is to have the students develop a model or an explanation using their own reasoning and argument from evidence, the teacher can use questioning strategies, or respond to a student idea by asking another student to explain why they agree or disagree with that idea. In this respect, the answers and the reasoning the students provide to the teacher’s questions are rich with information related to the current level of understanding of the science topic. Further details regarding teacher questioning strategies is presented in the Instructional Strategies chapter.


 A classroom assessment process that supports student learning is made up of three main parts (Davies 2003, 13). First, teachers review their grade level performance expectations and curriculum and summarize in their own words the learning students are expected to accomplish. Second, teachers work with students to bring them into the assessment process, by talking about the learning, showing samples, discussing what evidence might look like, asking students to self-assess and giving them time to learn. Third, as students become involved in the assessment process, they receive descriptive feedback from their teacher and they provide descriptive feedback to their peers.

Research shows that effective feedback is among the most powerful influences on student achievement (Wiliams 2011; Hattie 2009; Marzano, Pickering, and Pollock 2001). Effective feedback serves three goals. It describes strengths on which students can build, it articulates how a performance falls short of the desired criteria and suggests how the performance can be improved, and it provides information to the learner to enable them to adjust what they are doing so they can do it better. Specific feedback that focuses on what was done successfully and points the way to improvement has a positive effect on learning (Davies 2003). For example, the CA NGSS requires teachers to constantly gather students’ ideas about the science topic under investigation so that the provided feedback allows students to refine the model they are developing, adjust the plan for an investigation, and use the crosscutting concepts to make connections.


In order for feedback to be effective it should be: 

1. Effective in nature clearly describing what the student is doing that is effective, less effective, and what needs to be done to improve their work; 

2. Provided in a timely manner; and 

3. specific to a criterion referencing a specific level of skill or knowledge (Wiliam 2007, Ch. 9). 
Table 7 identifies and describes elements of effective teacher feedback (Wiggins 2012). 

Table 7: Elements of Effective Feedback
	Elements
	Description

	Actionable
	Effective feedback is concrete, specific, and useful; it provides actionable information.

	User-friendly
	Even if feedback is specific and accurate in the eyes of experts, it is not of much value if the user cannot understand it or is overwhelmed by it.

	Timely
	Students should get timely feedback and opportunities to use it while the attempt and effects are still fresh in their minds.

	Ongoing
	Adjusting performance depends on not only receiving feedback but also having opportunities to use it. 

	Consistent
	Feedback must be consistent. Teachers need to look at student work together, becoming more consistent over time and formalizing their judgments in highly descriptive rubrics supported by anchor products and performances. If student-to-student feedback is be helpful, students have to be trained in the same way as teachers, using the same materials.


The Student’s Role in Classroom Assessment


When students are involved in classroom assessment it opens up the assessment process and invites them in as partners, monitoring their own levels of achievement (Stiggins and Chappuis 2005). As a partner in the classroom assessment process, students have an opportunity to help define the criteria by which they will be evaluated; and they learn how to apply these criteria in identifying the strengths and weaknesses in their own work (Stiggins and Chappuis 2005).

Furthermore, when students have insight into their own strengths and weaknesses and develop their own repertoires of strategies for learning, their learning improves. Self-assessment, peer-assessment, and self-regulation are research-based strategies that assist students in improving their own learning (NRC 1999; 
Darling-Hammond, Ancess, and Falk 1995).


Peer-assessment is a powerful complement to formative assessment. Student discourse during peer-assessment is valuable because it allows students to assume the role of the teacher. In the role of teacher, students have to make sure that they understand the content so that they can evaluate the understanding of their peers.


As students become self-monitored learners, they are able to describe their strengths, analyze learning tasks to consider their options, explain their choices in completing their learning tasks, and regularly set goals for future learning.


In order for self-assessment, peer-assessment, and self-monitoring learning to become effective components of student learning, students must understand the criteria used to evaluate their work and the difference between quality work and substandard work. Students should also be taught the habits and skills of the collaborative process used in peer-assessment, requiring them to see their work objectively. To become a self-directed learner, students set their sights on their own learning goals and understand the steps they must go through in order to get there.
International and National Assessments 

The NGSS were developed through a collaborative state-led process managed by Achieve. In 2010 Achieve completed an international benchmarking study of ten countries’ science standards, selected on their strong performance on international assessments for the purpose of informing the NRC’s A Science Framework for K-12 Science Education and the NGSS (Achieve 2010). International benchmarking refers to analyzing high performing education systems and identifying ways to improve our own systems based on those findings. One of the main ways is through international assessments, particularly the Programme for International Student Assessment (PISA) and the Trends in International Mathematics and Science Study (TIMSS). International benchmarking is important from a national perspective to ensure our long-term economic competitiveness. To be competitive in the 21st century, American students must have the knowledge and skills to succeed in college and a knowledge-based economy. Today, students are no longer just competing with peers from other states, but with students from across the globe (Achieve 2010). International benchmarking utilizing PISA and TIMSS also informed the design and development of the Common Core State Standards (CCSS) in English Language Arts and Mathematics. 


Both TIMSS and PISA enabled the United States to benchmark its performance, in fourth-grade and eighth-grade mathematics and science in TIMSS and in 15-year-old students’ mathematics, science, and reading literacy in PISA, to that of other countries.


In 2015, PISA is adding a new computer-based assessment of the 21st century skills of collaborative problem solving. According to the 2015 PISA Framework, the competencies assessed in the PISA 2015 Collaborative Problem Solving (CPS) assessment will reflect the collaborative skills found in project-based learning in schools and in collaborative workplace and civic settings. In such settings students are expected to be proficient in skills such as communicating, managing conflict, organizing a team, building consensus, and managing progress (The Programme for International Student Assessment [PISA] 2015). TIMMS and PISA are conducted regularly to allow the monitoring of student outcomes over time.

The National Assessment of Educational Progress (NAEP)
, also known as the Nation’s Report Card, measures fourth-, eighth-, and twelfth-grade students’ performance in science with assessments designed specifically for national and state information needs. Over time, NAEP results have clearly demonstrated the need for improved science education grounded in NGSS.

The NAEP assessments are administered uniformly across the nation with all students taking the same test. Because all students are taking the same test, the NAEP serves as a common metric for participating states and districts (National Assessment Governing Board [NAGB] 2014). The NAEP assessments are basically the same from year-to-year which allows NAEP to provide a clear picture of student progress over time (National Center for Education Statistics [NCES] 2014). The NAEP assessments contain multiple item types including select response items, constructed response questions, hands-on performance tasks, and interactive computer tasks. 

All of the assessment components of NAEP are aligned to the content recommendations in the 2011 NAEP Science Framework. The design of the NAEP science assessment is guided by the framework’s descriptions of the science content and practices to be assessed (NAGB 2011, 11). The science content statements in the framework are organized according to three scientific disciplines: physical science, life science, and Earth and space sciences. The practices in the framework are organized into four categories: (1) identifying scientific principles, (2) using scientific principles, (3) using scientific inquiry, and (4) using technological design. The overlap of the different science content areas and the practices in the NAEP framework result in performance expectations. The performance expectations describe in observable terms what students are expected to know and do on the NAEP assessments. As in an evidence-centered design approach, the NAEP performance expectations are used to generate assessment items that elicit student responses that are interpreted as evidence of what students know and can do in science (NAGB 2011). Participation in NAEP allows states to compare student achievement to the achievement of students in other states.

NAEP’s new Technology and Engineering Literacy (TEL) assessment measures how well students apply their understanding of technology and engineering to solve real world problems (NAGB 2013). Students engage in interactive scenario-based tasks on computers. In one task for example, students are required to play the role of an engineer brought into a remote village to figure out why the local water well had stopped working. The student is not expected to have prior knowledge of wells or hand pumps but is challenged to use the information provided in the task to solve the problem and figure out a solution. Figure 3 below shows a sample TEL task in which students’ technology skills in the areas of troubleshooting and maintenance are tested as they work to discover why a well for water has stopped working (NCES 2014). According to the NAEP TEL framework, these skills are important because although we depend on plumbers, electricians, or car mechanics to help us when our technologies breakdown, we can be far more effective workers and citizens if we can fix at least some of our technologies ourselves (NCES 2014).

Figure 3: Sample NAEP TEL Item

[image: image11.png]Using the pump repair manual

Use the manual to help you repair the pump. You should
ONLY perform the checks and repairs that are necessary.

After you have repaired the pump, click
Test Pump to make sure it is working.

Pump Repair Manual:
Common Problems with Hand Pumps

Handle moves too easily ‘WhattoCheckFor:
an water comes out Joints or other external moving parts \

are not moving freely, perhaps due to = ol
Water hasabad smell. 2 [EEIANES
Water isvery cloudy. 3
How to Repair:

s hard to move the handl Clean and lubricate the pump's
or pump operatio LY external moving parts.

ittie or no water comesout 5 n

R Wext




The new TEL assessments rely on short constructed response and select response items that integrate important skills in science, mathematics, engineering, technology, English language arts and social studies. NAEP administered these new computer-based assessments in 2014 to students in grade 8. 


Each test was designed to serve a different purpose and each is based on a separate and unique framework and set of assessment questions although content areas assessed and ages and grade levels of students are significantly similar. The definitions of science differ among the three assessments: The NAEP framework defines science as physical science, life science and earth science. TIMSS also includes life science and earth science, but with regard to physical science, TIMSS splits it into separate domains for physics and chemistry. NAEP identifies three categories of “knowing and doing science” as conceptual understanding, scientific investigation, and practical reasoning. PISA takes a broader approach than TIMMS in addressing important competencies required for scientific literacy: identifying scientific issues, explaining scientific phenomena, and using scientific evidence. PISA’s content can be divided into knowledge of the natural world (in the fields of life systems, physical systems, Earth and space systems, and technology systems) and knowledge about science itself (scientific inquiry and scientific explanations).

Examples of CA NGSS-Aligned Assessment Tasks
This section contains examples of assessment for grades K-2, 3-5, 6-8 and 9-12 that are aligned to NGSS. The examples of CA NGSS-aligned classroom assessments for grades K-2 and grades 3-5 are from the National Research Council’s (NRC) report Developing Assessments for the Next Generation Science Standards (NRC 2014). These assessments were recommended by the NRC Committee on Developing Assessments of Science Proficiency in K-12 because they demonstrate what the committee thinks will be needed to measure science learning as described in the framework and the NGSS (NRC 2014, 19). These examples reflect the ideas about teaching, learning, and assessment that influenced the framework and the NGSS, and they serve as models of assessment tasks that measure disciplinary core ideas, practices, and crosscutting concepts (NRC 2014, 22).

This chapter contains two examples of NGSS-aligned assessments for grades 6-8. The first task, Natural Selection and Antibiotic Resistance, was developed by Achieve. Achieve coordinated the development of the NGSS. The California Early NGSS Implementation Project developed the second task; Build an Aquatic Habitat on Mars.


The high school assessment, Solar Cookers, was developed by Achieve as an example of an NGSS aligned classroom assessment.
Examples of CA NGSS Aligned Classroom Assessments for Grades K-2
This example is from the NRC report, Developing Assessments for the Next Generation Science Standards (2014).
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[image: image13.png]Floating and Sinking

You have
Two large discs
(each weighing 10 Two small discs
One ship grams) (each weighing 4 grams) A candle

‘Your ship can be loaded In different ways. We will try out one way.

Question 1
‘One small disc Is placed as cargo In the ship. The disc Is placed on the Inside edge of the
ship, not in the center. What will happen when you put the ship I the water?

In the space below, draw a picture of what you think will happen. On the lines below, write
an explanation of what you think will happen.

Scoring Rubric for Question 1

3Polnts:
Drawing/answer that reflects the following ideas: The ship s floating but Is tited to one
side. The placement of the disc on the inside edge of the ship caused the ship to float
unevenly.

FIGURE 5-4 Sample performance-based task.
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Drawing/answer that reflects the following concept: The ship is floating but s fited to.
‘one side. There is no explanation for why it is.
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Drawing/answer that indicates that the ship floats, but there is no recogniton that the.
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FIGURE 54 Continued





	
2 Points

The disc makes the ship heavy on one side.



	1 Point

The ship floats but tilts and

Water comes in



	1 Point

It turns over.



	0 Points


It constantly moves to the edge.
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Types of Questions:
. Does the ship sink when | oad it evenly with allfour discs?
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Question or hypotheses of type b
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Other questions (e.g., How far does it splash when | throw the discs into the water?) or
statements (e.g., Put the disc ino) the ship.

Questiona
Research your question. Perform an experiment to find the answer to your question.

Draw and write down what you have found out.





[image: image16.png]‘Seoring Rubric for Question &

2Points.
‘Answer fulfilsthe following criteria:

. Tight relation to question: Design provides answer o the the possd question/problern.
b The observations (crawing and text ogether) are detailed (e.g., The ship fited o the
lef, the load fel off and sank quickiy).

1Point
Answer fulfillsthe following criteria:

‘2. Somewhat connected to the question: Design is at east directed toward the posed

‘question/problem.
b The observations (drawing and fext ogether) are understandable but incomplete or
ot detaied (e.g., The ship tted)

OPoints.
Other answers

Question s
‘Consider what you could leam from the experiments you have just done. Mark “Learned”
ifthe statementindicates something you could find out from these experiments. Mark "Not
Leamed" i it is something you could not learn from these experiments.

[Below, the correct answers are indicated with an X]

Not
Learned Learned
X ‘When discs are placed at the edge of a ship, it can tum over and sink
X Ships need a motor.
x The heavier a ship s, the deeper it sinks into the water.

X A ship made from metal can be loaded with ron and stilfloat.
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 Examples of CA NGSS Aligned Classroom Assessments for Grades 3-5

Note: Achieve will be releasing examples of NGSS aligned classroom assessments. The task in this section is a placeholder.

This example is from the NRC report, Developing Assessments for the Next Generation Science Standards (2014).
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[image: image18.png]Formative Assessment Tasks

Task 1: Collect data on the number of animals (abundance) and the number of
different species (richness) in schoolyard zones.

Instructions: Once you have formed your team, your teacher will assign your team to a
zone in the schoolyard. Your job is to go outside and spend approximately 40 minutes
observing and recording all of the animals and signs of animals that you see in your
schoolyard zone during that time. Use the BioKIDS application on your iPod to collect
and record all your data and observations.

In responding to this task, students use an Apple iPod to record their infor-
mation. The data from each iPod is uploaded and combined into a spreadsheet
that contains all of the students’ data; see Figure 4-4. Teachers use data from
individual groups or from the whole class as assessment information to provide
formative information about students’ abilities to collect and record data for use
in the other tasks.

Task 2: Create bar graphs that illustrate patterns in abundance and richness data
from each of the schoolyard zones.

Task 2 assesses students’ ability to construct and interpret graphs of the
data they have collected (an important element of the NGSS practice “analyzing
and interpreting data”). The exact instructions for Task 2 appear in Figure 4-5.
Teachers use the graphs the students create for formative purposes, for making
decisions about further instruction students may need. For example, if students are
weak on the practices, the teacher may decide to help them with drawing accurate
bars or the appropriate labeling of axes. Or if the students are weak on under-
standing of the core idea, the teacher might review the concepts of species abun-
dance or species richness.

Task 3: Construct an explanation to support your answer to the question: Which
zone of the schoolyard has the greatest biodiversity?

Before undertaking this task, students have completed an activity that helped
them understand a definition of biodiversity: “An area is considered biodiverse
if it has both a high animal abundance and high species richness.” The students
were also given hints (reminders) that there are three key parts of an explanation:
a claim, more than one piece of evidence, and reasoning. The students are also




[image: image19.png]given the definitions of relevant terms. This task allows the teacher to see how
well students have understood the concept and can support their ideas about it.
Instructions for Task 3 and student answers are shown in Box 4-3.

Summative Assessment Task

Task 4: Construct an explanation to support an answer to the question: Which
zone of the schoolyard has the greatest biodiversity?

For the end-of-unit assessment, the task presents students with excerpts from
a class data collection summary, shown in Table 4-1, and asks them to construct
an explanation, as they did in Task 3. The difference is that in Task 4, the hints
are removed: at the end of the unit, they are expected to show that they under-
stand what constitutes a full explanation without a reminder. The task and coding
rubric used for Task 4 are shown in Box 4-4.




[image: image20.png]Animal Name ZoneA ZoneC ZoneE Microhabitat Total

Earthworms 2 0 2 ~ In dirt 4
Ants 2 229 75 Ignsememinghard 308
Other insects 0 0 2 i, 2
Unknown beetle 0 3 0 —On plant 3
Unknown insect 0 2 0 —On dirt 2
Other leggy invertebrates 1 0 0 = Indirt 1
American robin 6 1 S 10
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Other birds 0 1 2 gy 3
E. fox squirrel 1 1 0 ~ On something hard 2
Human 10 21 1 oncometinghard | 82
— Other microhabitat
Other mammal 3 0 16 Ig,."‘i;’,’.‘;lf.’f.‘;'ﬂ?}i 19
Red squirrel 2 0 0 —Ontree 2
Number of Animals (Abundance) 237 263 104 604
Number of Kinds of Animals (Richness) 1 8 9 28

FIGURE 4-4 Class summary of animal observations in the schoolyard, organized by region (schoolyard
zones), for Example 6, “Biodiversity in the Schoolyard.”
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1. Use your zone summary to make a bar chart of your abundance data.

Please remember to label your axes.
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Result: According to the bar chart above, zone C has the highest abundance.
2. Use your zone summary to make a bar chart of your richness data.

Please remember to label your axes.

Our Richness Data
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FIGURE 4-5 Instructions for Task 2 for Example 6, “Biodiversity in the Schoolyard.”
NOTE: See text for discussion.




[image: image22.png]INSTRUCTIONS AND SAMPLE STUDENT ANSWERS FOR TASK 3 IN EXAMPLE 6,
“BIODIVERSITY IN THE SCHOOLYARD"

Instructions: Using what you have leamed about biodiversity, the information from your class summary sheet,
and your bar charts for abundance and richness, construct an explanation to answer the following scientific
question:

Scientific Question: Which zone in the schoolyard has the highest biodiversity?
My Explanation [figure or text box?]

Make a CLAIM: Write a complete sentence that answers the scientific question.

Hint: Look at your abundance and

Zone A has the greatest biodiversity.
g . richness data sheets carefully.

Give your REASONING: Write the scientific concept or definition that you thought about to make your claim.

Hint: Think about how biodiversity is
related to abundance and richness.

Biodiversity is related to abundance and richness because it shows the two amounts in one
word.

Give your EVIDENCE: Look at your data and find two pieces of evidence that help answer the scientific
question.

Hint: Think about which zone has the
1. TreAlEs e e s, highest abundance and richness.

2. Zone A has a lot of abundance.

NOTES: Student responses are shown in italics. See text for discussion.





[image: image23.png]BOX 4-4
TASK AND CODING RUBRIC FOR TASK 4 IN EXAMPLE 6,
“BIODIVERSITY IN THE SCHOOLYARD"”

Write a scientific argument to support your answer for the following question.

Scientific Question: Which zone has the highest biodiversity?

Coding

4 points: Contains all parts of explanation (correct claim, 2 pieces of evidence, reasoning)

3 points: Contains correct claim and 2 pieces of evidence but incorrect or no reasoning

2 points: Contains correct claim + 1 piece correct evidence OR 2 pieces correct evidence and 1 piece incorrect
evidence

1 point: Contains correct claim, but no evidence or incorrect evidence and incorrect or no reasoning
Correct Responses

Claim

Correct: Zone B has the highest biodiversity.

Evidence

1. Zone B has the highest animal richness.
2. Zone B has high animal abundance.

Reasoning

Explicit written statement that ties evidence to claim with a reasoning statement: that is, Zone B has the high-
est biodiversity because it has the highest animal richness and high animal abundance. Biodiversity is a combi-
nation of both richness and abundance, not just one or the other.





[image: image24.png]INSTRUCTIONS AND SAMPLE STUDENT ANSWERS FOR TASK 3 IN EXAMPLE 6,
“BIODIVERSITY IN THE SCHOOLYARD"

Instructions: Using what you have leamed about biodiversity, the information from your class summary sheet,
and your bar charts for abundance and richness, construct an explanation to answer the following scientific
question:

Scientific Question: Which zone in the schoolyard has the highest biodiversity?
My Explanation [figure or text box?]

Make a CLAIM: Write a complete sentence that answers the scientific question.

Hint: Look at your abundance and

Zone A has the greatest biodiversity.
g . richness data sheets carefully.

Give your REASONING: Write the scientific concept or definition that you thought about to make your claim.

Hint: Think about how biodiversity is
related to abundance and richness.

Biodiversity is related to abundance and richness because it shows the two amounts in one
word.

Give your EVIDENCE: Look at your data and find two pieces of evidence that help answer the scientific
question.

Hint: Think about which zone has the
1. TreAlEs e e s, highest abundance and richness.

2. Zone A has a lot of abundance.

NOTES: Student responses are shown in italics. See text for discussion.
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TASK AND CODING RUBRIC FOR TASK 4 IN EXAMPLE 6,
“BIODIVERSITY IN THE SCHOOLYARD"

Write a scientific argument to support your answer for the following question.

Scientific Question: Which zone has the highest biodiversity?
Coding

4 points: Contains all parts of explanation (correct claim, 2 pieces of evidence, reasoning)

3 points: Contains correct claim and 2 pieces of evidence but incorrect or no reasoning

2 points: Contains correct claim + 1 piece correct evidence OR 2 pieces correct evidence and 1 piece incorrect
evidence

1 point: Contains correct claim, but no evidence or incorrect evidence and incorrect or no reasoning
Correct Responses

Claim

Correct: Zone B has the highest biodiversity.

Evidence

1. Zone B has the highest animal richness.
2. Zone B has high animal abundance.

Reasoning

Explicit written statement that ties evidence to claim with a reasoning statement: that is, Zone B has the high-
est biodiversity because it has the highest animal richness and high animal abundance. Biodiversity is a combi-
nation of both richness and abundance, not just one or the other.





 Examples of CA NGSS Aligned Classroom Assessments for Grades 6-8
Note: Achieve just released examples of NGSS aligned classroom assessments. Please visit this site to see the full version of this task as well as other tasks: http://www.nextgenscience.org/classroom-sample-assessment-tasks. 


	Natural Selection and the Development of Antibiotic Resistance - Middle School Sample Classroom Assessment 

	Introduction

	Adaptation by natural selection acts over generations to change the characteristics of a population, particularly in response to new environmental conditions. Traits that support successful survival and reproduction in the new environment become more common; those that do not, become less common. As a result, the distribution of traits in a population changes. In this task, students will use their understanding of how natural selection leads to the predominance of certain traits in a population and the suppression of others to explain the frequencies of traits in a bacterial population and to consider the impact an antibiotic has on a bacterial population over many generations. Given data about changes over time in a particular population and the environment in which the data was collected students calculate the frequencies of particular traits, and develop data displays that they use to describe and interpret the changes in those frequencies. Students also consider data that demonstrates the development of antibiotic resistance in a particular type of bacteria through natural selection, and are asked to interpret it and then develop a list of criteria and constraints for solutions to combat antibiotic resistance in hospitals or other places that see large numbers of sick or elderly people.

This task was inspired by the files on mathematical modeling of natural selection available at: http://home.mira.net/~reynella/selection.htm (accessed April 2014)


Examples of CA NGSS Aligned Classroom Assessments for Grades 6-8: Build an abiotic habitat on Mars. (Source: CA K-8 NGSS Early Implementers Project K-12 Alliance/WestEd)

Underlying Concept connecting all of today’s activities: Different Materials Exhibit different rates of thermal transfer.
Materials: for each group need to be the same as the previous activity on testing materials.

a. Materials might include: Grass, Black sand, White sand, Soil, Rocks, Wood, Bark, Concrete, Asphalt, Water, Air, aluminum foil, pebbles for fish tanks, shredded paper, and plastic wrap.

b. A heat thermometer gun for each group.
c. Containers could be large glass jars, 2 liter bottles cut in half.

d. A thermometer to record internal temperatures.

e. A timing device, could be students’ phones.
f. Tape and string to suspend the thermometers.
Teacher Notes/Procedures:

1. Provide containers and materials that were previously used for the “Testing Materials” activity.

2. Decide beforehand if you will go outside and use the sun or rely upon another heat source such as heat lamps or incandescent bulbs.

3. Before starting build a test model that creates appropriate abiotic conditions for a future Mars community.

4. The parameters for the model are in the Mars Habitat rubric.
5. Mention to students who are stuck to utilize materials that transfer and absorb energy, minimize heat loss, and maximum heat (thermal energy) gain.
6. Students should consider ways to reduce the need for expensive tech and consider the transfer of matter (water cycle).
Student Procedures:

1. Students work as a group to examine their data from the Testing Materials activity to decide which materials they want to use to maximize heat gain and minimize heat loss. Based upon their data from the last two days and what they’ve learned about the abiotic conditions on Mars.

2. Students examine the rubric for evaluating the Mars Habitat taking notes for what aspects of the rubric they will attempt to achieve.

3. Students make a 2d model with a drawing and explanations of their Mars Habitat model. 
4. Build the model out of a given choice of materials based upon the evidence from Day 1 and Day 2.

5. Students suspend the thermometer into the center of the container so that an accurate reading of the inside of the container can be made. The heat gun would only take a reading of the outside of the container.

6. Students take temperatures before, during over 5 minutes at 1 minute intervals and then allow cool down for 5 minutes at 1 minute intervals.

7. Students make a graphical display of their data, ideally on computers, from the data collected on temperatures. Participants analyze the data to describe patterns in the energy transfer rates of their Mars habitats.

8. After the activity, students individually write their observations and describe the phenomena, using what they have learned about the flow of energy, water, and the Martian conditions. 

9. Students discuss their findings with their groups before writing an argument using their findings to argue for their model as a viable Mars habitat based upon scientific factors and data.

10. Class discusses what surprised you? What questions do you still have?

Building a Mars Habitat an Abiotic Experience 

The experience relates to NGSS Performance Expectations:

a. MS-PS3-3 Apply scientific principles to design, construct, and test a device that either minimizes or maximizes heat transfer

b. MS-PS3-4 Plan an investigation to determine the relationships among the energy transferred, the type of matter, the mass and the change in average kinetic energy of the particles as measured by the temperature of the sample.

c. MS-PS3-5 Construct, use, and present arguments to support the claim that when the kinetic energy of an object changes, energy is transferred to or from the object.

This experience also relates to NGSS Engineering Performance Expectations 

a. MS-ETS1-1 Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions

b. MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem. 

c. MS-ETS1-3. Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success. 

Disciplinary Core Ideas:

1. Definitions of Energy. Temperature is a measure of the average kinetic energy. The relationship between the temperature and the total energy of a system depends on the types, states and amounts of matter present.  (Relates to MS-PS3-3 and MS-PS3-5)
2. Conservation of Energy and Energy Transfer

· When the motion energy of an object changes, there is inevitably some other change in energy at the same time. (MS-PS3-5)

· The amount of energy transfer needed to change the temperature of a matter sample by a given amount depends on the nature of the matter, the size of the sample, and the environment. (MS-PS3-4)

· Energy is spontaneously transferred out of hotter regions or objects and into colder ones. (MS-PS3-3)

· Defining and Delimiting an Engineering Problem

The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the designed solution will be successful. Specification of constraints includes consideration of scientific principles and other relevant (ETS1.A)

Crosscutting Concepts (cc):

1. Energy and Matter.

Energy may take different forms (MS-PS3-5). The transfer of energy can be tracked as it flows through a designed or natural system (MS-PS3-3).
A few helpful questions under this cc might include:
a. How are energy and matter related in this system?

b. Where does the energy come from? Where does it go?

c. What does energy do in the system? How is it changed?

d. What is the role of matter in this system? How does it change?

e. How does energy enter and exit the system?

2. Scale Proportion and Quantity

Proportional relationships (e.g. speed as the ratio of distance traveled to time taken) among different types of quantities provide information about the magnitude of properties and processes. (MS-PS3-4) 

Science Practices in this activity
1. Asking questions

2. Developing and using models

3. Planning and carrying out investigations (no planning)

6. Constructing explanations

7. Obtaining, evaluating, and communicating information
Examples of CA NGSS Aligned Classroom Assessments for Grades 9-12
Note: Achieve just released examples of NGSS aligned classroom assessments. For the full version of this task as well as other tasks visit: http://www.nextgenscience.org/classroom-sample-assessment-tasks. 

	Solar Cookers - High School Sample Classroom Assessment 

	Introduction

	People all over the world cook using electricity, gas, coal, and wood as a heating source. With decreasing access to the natural resources required for use as a fuel, many people are now turning to an alternative solution that uses the sun. The most basic design of the solar oven is a box with a hole in the top covered by a transparent material. The sunlight enters the box through the window and hits the surface of the inside of the box (painted black), which transforms the solar energy to thermal energy by increasing the temperature on the inside of the box. How well the heat stays in the box depends on the materials and design of the box.

In this task, the students use a simplified equation to create a computational model (in this case, a spreadsheet) to test the effects of changes in various elements on the temperature in the oven by keeping all variables constant in each simulation and changing only the variable being tested. The students plot and compare the data for each simulation. The simplified equation relates the thermal energy (as measured by the change in the temperature of the box) to the amount of solar energy entering the box (affected by solar flux and the area and angle of the window in the box) and to the other design components of the box (volume, efficiency of box design, and thermal resistance of the box material). Using their designs, equations, and simulations, students also engage in the design and engineering process as they build and revise their own solar ovens using principles of energy transformation and transfer within the solar box system and the results of their simulations.

This task was inspired by:
· National Air and Space Administration’s “Build a Solar Oven” activity: http://www.nasa.gov/pdf/435855main_BuildaSolarOven_6to8.pdf
· Fernandez-Burgos, M., Tracy-Wanck, S., Schmidt, J., Hastings, H., & Gorham, H. (2008). Solar cooker earth analog and comparison of design efficiency. Available at: 
http://jvarekamp.web.wesleyan.edu/CO2/Solar%20Cooker%20Paper.pdf
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� Permissions are needed from the publisher for including these excerpts. 


�	 According to Cary Sneider, the co-chair of the National Assessment Governing Board that oversees NAEP assessments, a group (AIR) in Washington, DC is conducting an alignment of NAEP to NGSS. Findings will not be available until sometime in December 2015.





 Draft Science Framework for review by the IQC September 2015
Page 23 of 95

