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Overview of the Garbage Unit 
 

The goal of the project, Science And Integrated Language (SAIL), is to develop NGSS-

aligned instructional materials that constitute a yearlong fifth-grade curriculum for students and 

teachers. The materials promote three-dimensional learning that leads toward mastery of NGSS 

performance expectations (PEs) in fifth grade. The instructional materials promote both science 

learning and language learning for all students, including English learners (ELs). The project 

builds on our conceptual framework for language use in the science classroom that highlights 

key features of talk and text as students engage in doing science and engineering (Lee, Quinn, & 

Valdés, 2013; Lee, Llosa, Grapin, Haas, & Goggins, 2019; National Academies of Sciences, 

Engineering, and Medicine [NASEM], 2018). 

The NGSS for fifth grade identify 16 PEs, including six physical science; two life 

science; five Earth and space science; and three engineering, technology, and applications of 

science. Our instructional materials bundle the NGSS PEs into four units addressing physical 

science, life science, Earth science with engineering embedded, and space science. Each unit is 

organized around an anchoring phenomenon and a driving question. 

 

Unit 1: What happens to our garbage? (physical science) 

Unit 2: Why did the tiger salamanders disappear? (life science) 

Unit 3: Why does it matter if I drink tap water or bottled water? (Earth science with engineering 

embedded) 

Unit 4: Why do falling stars fall? (space science) 

 

The Garbage unit is anchored around the phenomenon of garbage and the driving 

question: What happens to our garbage? The unit is designed to address the following 4 fifth-

grade physical science (PS) PEs and introduces 1 life science (LS) PE. 

 

5-PS1-1. Develop a model to describe that matter is made of particles too small to see. 

 

5-PS1-2. Measure and graph quantities to provide evidence that, regardless of the type of 

change that occurs when heating, cooling, or mixing substances, the total weight 

of matter is conserved. 

 

5-PS1-3. Make observations and measurements to identify materials based on their 

properties. 

 

5-PS1-4. Conduct an investigation to determine whether the mixing of two or more 

substances results in new substances. 

 

5-LS2-1. Develop a model to describe the movement of matter among plants, animals, 

decomposers, and the environment (This PE is partially addressed in the unit). 

 

The Garbage unit, like all units in the SAIL curriculum, is intended for approximately 

one marking period of 9 weeks, assuming 45-60 minutes of science instruction three times per 

week.  
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Our research team, comprised of science content experts, NGSS writers, and applied 

linguists, is developing the SAIL curriculum in collaboration with classroom teachers. Our 

instructional materials have been undergoing iterative cycles of field-testing in fifth-grade 

classrooms in an urban school district in a northeast state during the 2016-2017, 2017-2018, and 

2018-2019 school years. The district administrators in science education and ESL/bilingual 

education select the teachers based on having large numbers of ELs in their classrooms and 

being willing to participate in the project. The teachers serve as the Teacher Advisory Board for 

the project and work closely with us to implement and provide feedback on the iterative versions 

of our instructional materials. We hold four Teacher Advisory Board meetings over the course of 

each school year. During each meeting, teachers provide feedback on the unit they just 

implemented and learn about how to implement the upcoming unit in their classrooms. Multiple 

sources of data (e.g., frequent classroom observations, teacher feedback forms, feedback sessions 

during Teacher Advisory Board meetings) provide insights about the opportunities and 

challenges of implementing our instructional materials with diverse student groups in elementary 

science instruction and inform ongoing revisions and refinement. 

In this document, we provide an overview of our approach to developing NGSS-aligned 

instructional materials with all students and ELs in particular. We organize the document around 

the three categories of the EQuIP Rubric: (1) NGSS three-dimensional learning, (2) NGSS 

instructional support, and (3) monitoring NGSS student progress. Unlike the focus on three-

dimensional learning that is evident in all of our lessons, the topics we highlight in this document 

are present throughout but in less conspicuous ways. For each topic, we refer to our most recent 

publications that provide more complete descriptions of our approach (Goggins, Haas, Grapin, 

Llosa, & Lee, 2019; Grapin, 2019; Grapin, Haas, Goggins, Llosa, & Lee, 2019; Grapin, Llosa, 

Haas, Goggins, & Lee, 2019; Haas, Januszyk, Goggins, Grapin, Llosa, & Lee, under review; 

Lee, in press; Lee, Goggins, Haas, Januszyk, Llosa, & Grapin, 2019; Lee, Llosa, Grapin, Haas, & 

Goggins, 2019). 

 

NGSS Three-Dimensional Design 
 

There is broad consensus in the science education community around science 

instructional shifts grounded in the vision of A Framework for K-12 Science Education (National 

Research Council [NRC], 2012) and the NGSS. In this section, we first describe the science 

instructional shifts that guide the development of our NGSS-aligned instructional materials. 

Then, we situate our development process in the context of student diversity, which is consistent 

with OpenSciEd Design Specifications for Equitable Science Instruction for All Students (Bell et 

al., 2018). More details of our development process are provided in our publications. 

 

NGSS Science Instructional Shifts 

 

Central to the NGSS vision are three instructional shifts that work together to promote 

science learning. These shifts include the following: (1) explaining phenomena and designing 

solutions to problems, (2) engaging in three-dimensional learning, and (3) building coherent 

learning progressions over time. 

The first shift involves explaining phenomena in the natural world (science) or designing 

solutions to problems in the designed world (engineering). According to the Framework and 

NGSS, phenomena or problems are central to science and science learning, as “the goal of 
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science is to develop a set of coherent and mutually consistent theoretical descriptions of the 

world that can provide explanations over a wide range of phenomena” (NRC, 2012, p. 48). As 

students use science knowledge to make sense of phenomena and figure out answers to 

questions, they experience the work of scientists or engineers. As students do something with 

science by making sense of phenomena, students have a purpose for learning science. This is a 

key shift from traditional views that centered on students’ mastery of science content. 

The second shift involves three-dimensional learning by integrating science and 

engineering practices (SEPs), crosscutting concepts (CCCs), and disciplinary core ideas (DCIs) 

(NRC, 2012). SEPs refine and deepen science inquiry, which was emphasized as the core of 

science teaching and learning in the National Science Education Standards (NRC, 1996, 2000). 

CCCs, which apply across science disciplines, are a refinement of the common themes in Science 

for All Americans (American Association for the Advancement of Science, 1989) and the 

unifying concepts and processes in the National Science Education Standards (NRC, 1996).  

DCIs are organized into four disciplines: physical science; life science; Earth and space science; 

and engineering, technology, and application of science. DCIs depart from the traditional notion 

of science content as they provide explanatory power to make sense of phenomena. Students 

blend the three dimensions of SEPs, CCCs, and DCIs to make sense of phenomena or design 

solutions to problems.  

The third shift involves coherent learning progressions of student understanding over 

time, which occur across grades K-12 as well as across shorter time frames, such as within a 

grade band, grade level, or a science unit. Sustained opportunities to develop ideas over time 

offer advantages for science learning. The NGSS offer two main opportunities for learning 

progressions: (1) the NGSS identify learning progressions across the K-2, 3-5, 6-8, and 9-12 

grade bands and (2) student learning progresses over the course of a year or unit, as lessons are 

designed to build coherently over time. 

Beyond the instructional shifts described above, the NGSS also make connections across 

multiple science disciplines and engineering within and across grade bands, as well as 

connections with English language arts and mathematics. 

 

SAIL Approach to Developing NGSS-Aligned Instructional Materials With Student 

Diversity 

 

We identify three pillars as the core of our instructional materials development: PEs, 

phenomena, and students (see Figure 1). Based on our commitment to promoting the NGSS with 

student diversity, we consider PEs, phenomena, and students simultaneously from the outset and 

throughout the development process. We summarize how we use each of these three pillars as 

the core of our instructional materials development (for details, see Haas, Januszyk, Goggins, 

Grapin, Llosa, & Lee, under review). 
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Figure 1. SAIL instructional materials development. 

 

In addressing PEs, the development of our instructional materials went through iterative 

steps. First, we bundled the fifth-grade PEs within and across science disciplines into units. 

Through this bundling process, we decided which PEs enable student sense-making of 

phenomena. Second, after bundling a targeted set of PEs for a unit, we unpacked each PE. Each 

specific element of the SEPs, CCCs, and DCIs was contextualized within the anchoring 

phenomenon for the unit. For each specific element of each dimension, we identified learning 

progressions from the previous grade band of K-2, within the current grade band of 3-5, and 

toward the next grade band of 6-8. Third, we developed the sequence of instruction, or storyline, 

of each unit to ensure that lessons fit together coherently, build upon one another, and help 

students develop proficiency in the targeted set of PEs. In the storyline of each unit, we break 

down the anchoring phenomenon of the unit into sub-phenomena and the driving question of the 

unit into sub-questions at the lesson level. The storyline also informs the student artifacts that 

will be created as evidence of meeting the learning performances that partially represent a PE in 

a smaller scope. Finally, based on the storyline of each unit, we wrote lessons. Each lesson 

provides details of how to carry out instruction to engage students in three-dimensional learning 

in order to answer each sub-question that leads to the next sub-question in the next lesson. Each 

lesson concludes with the evidence statements of learning performances. 

The SAIL instructional materials are anchored in a phenomenon that is sustained 

throughout a unit. This anchoring phenomenon compels students to ask questions that lead to a 

driving question about the phenomenon. For each unit, an anchoring phenomenon and a driving 

question are selected based on three criteria (Lee, in press; Lee, Goggins, Haas, Januszyk, Llosa, 

& Grapin, 2019). First, phenomena should be compelling to students. When a unit is launched 
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with students experiencing a phenomenon, students are immediately engaged, which serves as an 

entry point to learning science. Second, phenomena should be applicable across settings so that 

our instructional materials could be implemented at large scale. By selecting phenomena that all 

students experience in their school, home, and community, students have a purpose for learning 

science and recognize science as real and relevant to their lives and future careers. Third, 

phenomena should be comprehensive enough to sustain a science unit that addresses a targeted 

set of PEs within and across science disciplines over several weeks. Sustained exposure to the 

phenomenon allows time for students to investigate their own questions and develop deep 

understanding. 

In tandem with considering PEs and phenomena, we situate students in our development 

process. To ensure that student diversity is a foundation of our instructional materials, we ask 

four main questions. First, we ask, “Are the PEs and phenomenon relevant to diverse student 

groups?” The phenomenon should provide access to science learning for all students, as 

described above. By using phenomena in local contexts, we capitalize on students’ funds of 

knowledge from their homes and communities. Second, we ask, “What conceptions might 

students have in relation to the PEs and phenomenon of the unit?” At the same time, we give 

more instructional time or additional investigation to science topics with which students typically 

have learning difficulties. Third, we ask, “How do we support rich science talk and text as 

students make meaning of science?” We consider a range of nonlinguistic modalities (e.g., 

gestures, pictures, diagrams, symbols, equations, graphs, tables, charts) as well as the linguistic 

modalities of talk (oral language) and text (written language) with all students, especially ELs 

(Grapin, 2019; Grapin, Llosa, Haas, Goggins, & Lee, 2019; Lee, Llosa, Grapin, Haas, & 

Goggins, 2019). Finally, we ask, “What student artifacts will serve as evidence of students’ 

science learning?” Knowing what artifacts we expect from students informs the development of 

both formative assessment at the lesson level and summative assessment at the unit level. 

 

NGSS Instructional Supports 
 

SAIL is designed from the ground up to allow all students, including ELs, to participate 

meaningfully. This is different from the traditional approach of adding “EL strategies” after the 

curriculum has been designed (e.g., creating alternative worksheets with simplified language), 

which can result in ELs being separated from other students. Our approach to “differentiation” is 

grounded in the following four features: (1) the SAIL language design principles with all 

students, including ELs, to promote construction and communication of student ideas in a 

classroom community, (2) the selection of local phenomena that capitalize on students’ linguistic 

and cultural resources (i.e., NGSS instructional shift 1, described above), (3) the use of 

discipline-specific prompts to guide and extend students’ thinking while engaging in language-

intensive SEPs (i.e., NGSS instructional shift 2, described above), and (4) scaffolded instruction 

to promote coherent learning progressions over time (NGSS instructional shift 3, described 

above) and sophistication of language use over time (i.e., language design principles, to be 

described next). 
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SAIL Language Design Principles With All Students, Including English Learners 

 

In promoting NGSS-aligned teaching and learning, SAIL also promotes language use in 

ways that science learning and language learning are mutually supportive of each other with all 

students and ELs in particular (Grapin, 2019; Lee, Llosa, Grapin, Haas, & Goggins, 2019; 

NASEM, 2018). The SAIL language design principles allow differentiated instruction for 

students of varying levels of language development and readiness to construct and communicate 

their understanding of science. 

 

Conceptual grounding. As SEPs are language intensive, the SAIL curriculum capitalizes 

on language learning opportunities and demands with all students, especially ELs. We highlight 

three key areas: modalities, registers, and interactions (see Figure 2). 

First, students use multiple modalities, including nonlinguistic modalities (e.g., gestures, 

pictures, symbols, graphs, tables, equations) and the linguistic modalities of talk (oral language) 

and text (written language; Grapin, 2019). In science disciplines, multiple modalities, especially 

the nonlinguistic variety, are essential semiotic resources. In EL education, multiple modalities 

support ELs at the early stages of English language proficiency to engage in disciplinary 

practices that are language intensive. 

Second, students draw on a variety of registers of talk and text, ranging from everyday to 

specialized. Specialized registers go beyond technical vocabulary and afford the precision 

necessary to communicate disciplinary meaning. ELs can communicate precise disciplinary 

meaning using less-than-perfect English (Grapin, Llosa, Haas, Goggins, & Lee, 2019; Quinn, 

Lee, & Valdés, 2012). 

Finally, students participate in different types of interactions in partner (one-to-one), 

small-group (one-to-small group), and whole-class (one-to-many, small group-to-many) settings. 

In doing so, they move fluidly across modalities and registers to meet the communicative 

demands of different types of interactions. Specialized registers afford the explicitness (e.g., 

fewer deictic words like “it” and “here”) necessary to communicate disciplinary meaning across 

physical (“here”) and temporal (“now”) contexts. 

 

Modalities Registers Interactions 

• Linguistic 

o Talk (oral language) 

o Text (written language) 

 

• Visual 

o Drawing 

o Table 

o Graph 

o Chart 

o Equation 

o Gesture 

 

   Everyday          Specialized 

 talk and text       talk and text 

 

 

 

 

Precision: Do ELs 

communicate disciplinary 

meaning with exactness? 

• One-to-one 

• One-to-small group 

• Small group-to-many 

• One-to-many 

 

 

Explicitness: Do ELs 

communicate disciplinary 

meaning beyond the 

“here and now”? 

 

Figure 2. Language design principles in the SAIL curriculum. 
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Garbage unit. Throughout the Garbage unit, students use multiple modalities to engage 

in SEPs. For example, they use tables to analyze and interpret data about the properties and 

weight of materials in the landfill bottles. They also develop models using a strategic 

combination of visual and written language modalities to explain the decrease in weight of the 

open landfill bottle system. 

Students also draw on everyday and specialized registers. When engaging in argument 

from evidence about changes in the type and amount of matter in the landfill bottles, students 

communicate precise disciplinary meaning by supporting their claims with evidence and 

reasoning. When explaining how smell from the landfill bottles travels across the room, students 

are precise about the scale at which gas particles can be observed (“too small to see”) and the 

movement of gas particles (“moving freely around in space”). ELs communicate precise 

disciplinary meaning through their emerging English (e.g., “I can’t see particle because too 

small” is precise despite the grammatical infelicities). 

Students also engage in a range of interactions. When planning the landfill bottle 

investigation in small groups (one-to-small group), students use a more everyday register, as they 

can check for comprehension and clarify meaning in real time. When students share their 

arguments and explanations with the class (one-to-many interaction), they use a more specialized 

register, as this register affords the explicitness necessary to communicate beyond the “here and 

now.” As students work together in a classroom community to figure out what happens to their 

garbage, they move fluidly across modalities and registers to meet the communicative demands 

of different types of interactions. 

 

Local Phenomena with Diverse Student Groups 

 

The SAIL curriculum uses local phenomena to capitalize on cultural and linguistic 

resources that diverse student groups bring to the science classroom while meeting their learning 

needs in developing science understanding. As the central goal of science is to make sense of 

phenomena (NGSS science instructional shift 1, described above), selection of phenomena is 

important with all students, especially those who have traditionally been marginalized in science 

and do not view science as real or relevant to their lives or future careers. 

 

Conceptual grounding. As part of our instructional materials development, we use local 

phenomena to anchor NGSS instruction. While phenomenal phenomena, such as a volcanic 

eruption, may inspire wonder and awe (e.g., students ask, "How could that happen!?"), they may 

have little relevance to students’ experiences in their everyday lives. Furthermore, phenomenal 

phenomena may not be robust enough with explanatory power to sustain a science unit around a 

targeted set of PEs. Instead, we aim to “make everyday phenomena phenomenal” as even the 

most quotidian things are phenomenal when looked at closely (Lee, in press; Lee, Goggins, 

Haas, Januszyk, Llosa, & Grapin, 2019). Local phenomena integrate place-based learning and 

project-based learning (see Figure 3). Place-based learning aims to “ground learning in local 

phenomena and students’ lived experiences” (Smith, 2002, p. 586). Through place-based 

learning, science becomes real and relevant to students, as it is connected to students’ daily lives 

in their local contexts. As students see a connection between science and their own lives, place-

based learning allows them to meaningfully engage in science. Moreover, as the phenomenon of 

garbage is both local and universal, it is applicable across settings. Project-based learning allows 

students to “learn by doing and applying ideas” through engagement in “real-world activities that 
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are similar to the activities that adult professionals engage in” (Krajcik & Blumenfeld, 2006, p. 

317). Through project-based learning, students develop deep understanding of science, integrate 

science disciplines as needed to explain phenomena, and design solutions to problems in local 

contexts. Thus, integration of place-based learning and project-based learning affords all students 

the opportunity to engage in authentic, relevant science that is closely connected to their home 

and community experiences. 
 

 
Figure 3. Components in selecting and using local phenomena with diverse student groups in the 

SAIL curriculum. 

 

Garbage unit. The anchoring phenomenon of the unit is that the school, home, and 

neighborhood make large amounts of garbage every day. Then, we frame the driving question for 

the unit broadly, “What happens to our garbage?” In answering this driving question over the 

course of the unit, students investigate a series of questions about garbage (e.g., What is that 

smell? What causes changes in the properties of materials in garbage?) that addresses the 

targeted set of PEs. Over the course of the unit, students develop a coherent understanding of the 

structure and properties of matter to make sense of the anchoring phenomenon and to answer the 

driving question. 

We select the phenomenon of garbage in the school, home, and neighborhood, which all 

goes to a landfill in the local community. This phenomenon promotes place-based learning from 
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the perspective of equity (see Figure 3). First, the phenomenon creates relevance for all students 

in local contexts. As students enter the classroom and see in the center of the room a mound of 

garbage collected from their school cafeteria, including their own lunch garbage, they express a 

wide range of reactions from excitement to disgust. The everyday phenomenon of garbage 

becomes phenomenal. Second, the phenomenon capitalizes on their funds of knowledge from 

their homes and communities. After making observations of school lunch garbage, students 

identify components of garbage disposal in their homes and communities and then connect those 

components in terms of the system of garbage. Third, the phenomenon enables all students, 

including ELs, to communicate their ideas using home language, everyday language, and 

multimodality. Finally, the phenomenon promotes access and inclusion of all students in the 

science classroom. Students’ contributions are valued based on the merit of their ideas, not their 

social status or linguistic accuracy. 

The phenomenon of garbage is also comprehensive enough to address multiple PEs over 

an extended period of instruction (in our case, approximately a 9-week marking period). This 

phenomenon promotes project-based learning from the perspective of science (see Figure 3). 

First, the phenomenon of garbage addresses a targeted set of PEs for sustained instruction and 

allows students to develop their understanding coherently over the course of the unit. Second, the 

Garbage unit addresses the four physical science PEs and partially addresses a life science PE 

related to decomposers (5-LS2-1). Since explaining the phenomenon of garbage requires an 

understanding of how microbes break down food materials, we bundle this life science PE with 

the physical science PEs. Then, in the second unit on ecosystems in life science, students extend 

and apply their understanding of microbes and decomposers from the first unit. Third, the 

phenomenon of garbage leads to engineering in the subsequent Earth’s systems unit, as students 

find out that plastic, which does not decompose, pollutes Earth’s systems. Then, they design 

solutions to solve this problem by reducing the amount of plastic from water bottles in their 

classroom and school. Finally, students’ experiences with societal concerns about garbage and 

plastic pollution could lead them to use science ideas to protect the Earth’s resources and 

environment and to participate in citizen science. 

To answer the driving question of “What happens to our garbage?,” students develop 

physical models of a landfill by creating “landfill bottles” as open systems and closed systems 

(see Figure 4). Over the course of the 9-week unit, students deepen their understanding toward 

answering the driving question of the unit. 

 

                
 

Figure 4. Open and closed landfill bottle systems for the SAIL Garbage unit. 
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Prompts to Guide and Extend Student Thinking 

 

The SAIL curriculum uses discipline-specific prompts to guide and extend student 

thinking. Some prompts to GUIDE student thinking are intended for students who are still 

developing an understanding of science ideas, while other prompts to EXTEND student thinking 

are intended for students who have already developed an understanding of science ideas. These 

different types of prompts allow differentiated instruction for students of varying levels of 

language development and readiness to construct and communicate their understanding of 

science.  

 

Conceptual grounding. As students engage in SEPs, they communicate their ideas with 

peers and the teacher and co-construct shared understanding in the science classroom 

community. To engage all students, including ELs, in the high level of classroom discourse 

called for by the NGSS, educators have turned to talk moves (e.g., “Say more about that”), 

defined as general-purpose tools for facilitating productive discussions (Michaels & O'Connor, 

2012, 2015; see also STEM Teaching Tools and Science Talk Primer). While talk moves can be 

effective in building classroom community and promoting participation of all students, the 

generic nature of talk moves may limit their utility in guiding students’ sense-making and 

promoting science understanding. 

In the SAIL curriculum, we include discipline-specific probes that go beyond general-

purpose talk moves by targeting specific science concepts and ideas being discussed (Grapin, 

Haas, Goggins, Llosa, & Lee, in press). Teachers need be strategic in their use of general-

purpose talk moves and discipline-specific probes, considering the affordances and limitations of 

each, as summarized in Table 1. 

 

Table 1 

Affordances and Limitations of General-Purpose Talk Moves and Discipline-Specific Probes 

 

 Affordance Limitation 

General-purpose talk moves 

(from EL education) 

Build classroom community 

and promote participation of 

all students 

May not be sufficiently 

specific to guide students’ 

sense-making toward 

particular disciplinary ends 

Discipline-specific probes 

(from science education) 

Guide students’ sense-making 

and promote science 

understanding by targeting 

specific concepts and ideas  

May fall into the traditional 

IRE pattern 

 

Garbage unit. The unit provides teachers with prompts to guide and extend student 

thinking within lesson-embedded assessments throughout the lessons (see below). For example, 

the “SMALL GROUP CHECK! Categories and Properties of Garbage” in Lesson 1-1 (pp. 4-5) 

includes both types of prompts: 

 

The following prompts to GUIDE student thinking are intended to support students who 

are still developing an understanding of science ideas: 

- Why are you grouping these materials together? 

http://stemteachingtools.org/sp/talk-resource-cards
https://inquiryproject.terc.edu/shared/pd/TalkScience_Primer.pdf
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- Why didn’t you include that material in this category? 

- What is similar about the materials in this category? 

- What is different about the materials in each category? 

 

If students have difficulty coming up with categories, give the following example: 

- Your group may decide to create a category with all of the garbage that is paper. What 

is similar about the materials in this category? (All of the materials are white, smooth, 

dull, etc.) 

 

The following prompts to EXTEND student thinking are intended to challenge students 

who have already developed an understanding of science ideas: 

 -Do some materials in different categories overlap? How? 

-If you were given a new material, how would you know which category it belongs to? 

 

Scaffolded Instruction to Promote Science and Language Learning Over Time 

 

Over the course of instruction, students develop deeper and more sophisticated 

understanding of science to make sense of the anchoring phenomenon for the unit (NGSS 

instructional shift 3, described above). As science understanding becomes more sophisticated, 

language use becomes more sophisticated (SAIL language design principles, described above). 

To communicate the sophistication of their ideas, all students, including ELs, use modalities 

more strategically and more specialized registers across different types of interaction. As they 

use language to do science, they develop their science understanding and English language 

proficiency in tandem. Language is a product, not a precursor or prerequisite. In the SAIL 

curriculum, scaffolding instruction over the course of instruction occurs in terms of (1) 

scaffolding three-dimensional learning over time and (2) scaffolding language use over time. 

 

Scaffolding three-dimensional learning over time. Science instruction helps students 

develop proficiency on a targeted set of PEs over the course of the unit, as lessons fit together 

coherently and build on each other (Haas, Januszyk, Goggins, Grapin, Llosa, & Lee, under 

review). 

 

Conceptual grounding. A unit of instruction starts with an anchoring phenomenon or 

problem that students generate with guidance from their teacher. This anchoring phenomenon 

leads to the driving question for the unit. Over the course of the unit, students generate a series of 

sub-questions that leads to next steps of the unit. To answer a question, students engage in three-

dimensional learning. They use a relevant CCC to frame the question (e.g., a question involving 

cause and effect to explain a phenomenon; for more details, see Goggins, Haas, Grapin, Llosa, & 

Lee, 2019) and engage in a relevant SEP (e.g., develop a model to explain the cause and effect of 

the phenomenon), which results in an understanding of a DCI(s). This new understanding, in 

turn, generates a new sub-question toward answering the driving question of the unit. Over the 

course of instruction, students develop deeper and more sophisticated understanding of science 

to make sense of the anchoring phenomenon of the unit. 

 

Garbage unit. As the Garbage unit progresses, students’ understanding of science builds 

coherently as they investigate what happens to the garbage in the landfill bottle systems (see 
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Figure 5). Students begin by investigating what happens to garbage materials (5-PS1-3 on 

properties of materials). When the landfill bottles start to smell in the open system, students ask, 

“What is that smell?” (5-PS1-1 on particle nature of matter/gas). They also ask, “What causes 

changes in the properties of materials in the garbage?” and “What causes smell from the 

garbage?” (5-PS1-4 on chemical reactions). They obtain information about microbes causing 

food materials to decompose and produce smell (5-LS2-1 on decomposers in the environment). 

In addition, they make observations of the weight of the garbage materials when some materials 

(e.g., banana and orange) seem to have vanished (5-PS1-2 on conservation of weight of matter). 

 

 
 

Figure 5. Sequence of instruction (or storyline) of the SAIL Garbage unit. 

 

Students learn that microbes cause food materials to decompose, which is also addressed 

in the subsequent ecosystems unit (5-LS2-1). Likewise, materials that do not decompose (e.g., 

plastic) are addressed in the Earth’s systems unit, as students learn that plastic from water bottles 

pollutes Earth’s systems (5-ESS-2-1) and that individual communities can use science ideas to 

protect the Earth’s resources and environment (5-ESS3-1). Then, they design solutions to solve 

this problem by reducing the amount of plastic from water bottles in their classroom and school 

(3-5-ETS1-1, 3-5-ETS1-2, 3-5-ETS1-3). 

The Garbage unit scaffolds student learning with each of the NGSS three dimensions. For 

example, scaffolding SEPs of arguing from evidence and constructing explanations begins with 

students co-constructing an argument with the teacher in Lesson 2-2 (pp. 7-9), writing an 

argument with support in Lesson 3-3 (pp. 5-8), writing an argument independently in Lesson 4-1 

(pp. 7-9), and constructing an explanation independently in Lesson 4-2 (pp. 7-9).  

 

Scaffolding language learning over time. As students develop deeper and more 

sophisticated science understanding, they use modalities more strategically and adopt more 

specialized registers (Lee, Llosa, Grapin, Haas, & Goggins, 2019). 



SAIL Garbage Unit       14 

 

Conceptual grounding. Over the course of a unit, students learn to consider how multiple 

modalities help them communicate the sophistication of their ideas (Grapin, 2019). Students’ 

language use also becomes more precise (Grapin, Llosa, Haas, Goggins, & Lee, 2019), as they 

learn that the level of precision needed to engage in SEPs demands a comparable level of 

precision in language use. This demand for precision goes beyond the meaning of technical 

vocabulary to the logic of connecting cause and effect and the validity of claims and evidence. 

Over the course of a unit, students also learn to adapt their language to meet varying 

communicative demands of different types of interactions. As science often involves 

communicating about objects and events not immediately present, students’ language use 

becomes more explicit. Explicitness makes language use more effective with “distant” audiences 

beyond “here” and “now” (see Figure 2). 

 

Garbage unit. As the Garbage unit progresses, students’ language use develops in 

tandem with their science understanding. The unit provides guidance to teachers in order to 

support students’ language use in terms of modalities, registers, and interactions (see Figure 2). 

Students use modalities more strategically to communicate the sophistication of their 

ideas about smell. In their initial models of smell, students represent smell as a cloud or wavy 

lines (see Figure 6). Over the course of the unit, as students build their understanding of the 

particle nature of gas, they use a strategic combination of drawings, symbols, and written 

language to represent smell as particles too small to see and moving freely (see Figures 7 and 9). 

They use colors and labels to distinguish between smell particles and air particles as well as 

arrows to indicate particle movement. 

 

 

Figure 6. Initial student model of how smell travels across the room. 
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Figure 7. Final student model of closed landfill bottle system. 

 

Students also adopt a more specialized register to communicate the sophistication of their 

ideas about smell. When they first notice the smell coming from the open landfill bottles, 

students communicate their ideas using a more everyday register (e.g., “The smell stinks!”). 

Over the course of the unit, as students build their understanding of the particle nature of gas, 

they transition to a more specialized register (e.g., “Gas is made of particles” and, eventually, 

“Gas is made of particles too small to see that are moving freely”; see Figures 8 and 9). To 

scaffold students’ transition to a more specialized register, the lessons include prompts to 

promote precise language use (e.g., How are the particles moving?). 

 

 
 

Figure 8. Student explanation of how smell travels across the room. 

 

Students also become more skilled in adapting their language to meet the communicative 

demands of different interactions. For example, as students engage with a computer simulation 

that models particle movement, they use a more everyday register in conjunction with the visual 

modality (e.g., “Look at them move!” while pointing at the screen). When the class comes 

together to share their observations, students transition to a more specialized register to make 

their meaning explicit in the absence of a shared frame of reference. To scaffold students’ 

language use for meeting varying communicative demands, the lessons call attention to whether 

students are working in partner, small-group, or whole-class settings at different points during 

instruction (see Figure 9). 
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Summary. Over the course of the Garbage unit, the mutually supportive nature of 

science learning and language learning with all students and ELs in particular is presented in 

Figure 9. The top row shows the three science instructional shifts. As students make sense of a 

phenomenon (i.e., What happens to our garbage?), they engage in three-dimensional learning. 

Over time, they develop increasingly sophisticated understanding of science (i.e., learning 

progressions). The second row shows increasingly strategic use of multiple modalities. Initially, 

students draw on a range of modalities (e.g., drawings, symbols, written language) to 

communicate their ideas. As they build their science understanding over time, they become more 

strategic in using multiple modalities to represent the sophistication of their ideas. The third row 

shows increasingly specialized register. Initially, students use a more everyday register to 

communicate their ideas. As they build their science understanding over time, they progress 

toward using a more specialized register to communicate the sophistication of their ideas with 

precision. The fourth row shows different types of interactions typical of the NGSS science 

classroom. As these interactions demand different degrees of explicitness, students move fluidly 

across modalities and registers to meet varying communicative demands. 

 

 
 

Figure 9. Science and language learning occur in tandem over the course of the Garbage unit. 
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Monitoring NGSS Student Progress 
 

The SAIL Garbage unit supports monitoring student progress in the NGSS three 

dimensions as students make sense of the phenomenon of garbage. As they work to answer the 

driving question, “What happens to our garbage?,” students have multiple opportunities to use 

the SEPs, DCIs, and CCCs underlying the target PEs addressed in this unit. To monitor student 

progress, the SAIL Garbage unit uses (1) a pre-assessment, (2) an end-of-unit summative 

assessment, and (3) four types of embedded formative assessments including class checks, small 

group checks, individual checks, and self and peer checks. We describe the end-of-unit 

summative assessment first to illustrate the defining features of SAIL tasks.  

 

End-of-Unit Summative Assessment 

 

The purpose of the end-of-unit assessment is to assess students’ ability to engage in three-

dimensional learning to explain phenomena after completing the Garbage unit. The end-of-unit 

assessment has two important features: (1) three-dimensional tasks and (2) inclusion of tasks 

anchored in the unit phenomenon and extension tasks. 

 

Three-dimensional assessment. All of the tasks in the end-of-unit assessment are 

constructed-response tasks that require students to use the SEPs, DCIs, and CCCs to explain 

phenomena. The document “Constructs, Scoring Criteria, and Tasks” outlines the SEPs, DCIs, 

and CCCs assessed by each of the tasks and the scoring criteria. An annotated version of Task 8 

is presented below to illustrate how the end-of-unit assessment tasks engage all three dimensions 

of science learning (see Figure 10 below). 
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Figure 10. Sample three-dimensional assessment task. 
 

The task asks students to argue from evidence about whether a new substance is formed 

when three given substances are mixed. In order to respond to this task, students first engage in 

sub-practices involved in planning and carrying out investigations (e.g., making observations of 

the materials and recording their observations in a data table). Students also use the CCC of 

patterns to engage in the practice of analyzing and interpreting data in order to generate the 

evidence needed to support their claim in the argument. Finally, students use their understanding 

of the DCI (i.e., When two or more different substances are mixed, a new substance with 

different properties may be formed) to come up with the reasoning required to link their evidence 

to their claim. While students engage in multiple sub-practices to accomplish this particular task, 

the scoring criteria emphasize students’ ability to engage in the SEP of arguing from evidence, 

use the CCC of patterns to generate evidence for their argument, and demonstrate knowledge of 

the DCI in the form of reasoning that links the evidence to the claim. 

Because this is the first unit in the SAIL curriculum, scaffolds are provided to students 

throughout the assessment. This is consistent with our approach to scaffolded instruction over 

time (see the section above) and the NGSS instructional shift on learning progressions, which 

emphasizes how student learning becomes increasingly sophisticated over time. For example, in 

argument tasks such as Task 1 and Task 8 (presented above), separate boxes are provided to 

indicate the different parts of an argument (claim, evidence, and reasoning). Also, in Task 1, 
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students are provided with a “hint” question to remind them of what a claim, evidence, and 

reasoning entail. Finally, in both argument tasks, we do not ask students to separate the evidence 

from the reasoning. These scaffolds are removed over the course of the year as students develop 

proficiency in the practice of arguing from evidence. For example, in the end-of-unit assessment 

for Unit 4, students are also assessed on the practice of arguing from evidence, but the scaffolds 

are removed. 

 

Inclusion of tasks anchored in the unit phenomenon and extension tasks. The end-of-

unit assessment includes some tasks that are anchored in the unit phenomenon of garbage and 

tasks that involve a different phenomenon (referred to as extension tasks). We purposefully 

include tasks that are anchored in the phenomenon of garbage to make the assessment more 

accessible to ELs, who, over the course of 9 weeks of instruction, have had ample time to 

develop proficiency with language related to this particular phenomenon. Conversely, tasks 

anchored in a different phenomenon may introduce new language that is less familiar to ELs, 

which may affect their performance. In addition to tasks anchored in the unit phenomenon, we 

also include extension tasks to ensure that student understanding generalizes to other contexts. 

These extension tasks assess the same SEPs, CCCs, and DCIs in the context of phenomena other 

than garbage (e.g., Task 8). 

We have also included a bilingual Spanish-English version of the end-of-unit assessment 

to address the needs of beginner ELs in our partner school district. 

 

Pre-Assessment 

 

The purpose of the pre-assessment is to assess students’ prior knowledge of grade-

appropriate SEPs, CCCs, and DCIs at the beginning of instruction. The pre-assessment consists 

of 3 extension tasks from the end-of-unit assessment. 

In addition to the pre-assessment, the unit provides opportunities for assessment of prior 

knowledge that are embedded within the lessons. These informal assessment opportunities 

provide useful insight into students’ prior knowledge that can be put to immediate use to make 

real-time adjustments to instruction. 

• Lesson 1-1 (p. 8): Students make predictions about how food (e.g., fruit) and non-

food (e.g., plastic) materials will change over time. 

• Lesson 1-1 (pp. 14-17): Students ask questions to form the Driving Question board. 

• Lesson 2-1 (p. 4): Students share what they know about the scientific practice of 

planning and carrying out investigations. 

• Lesson 2-2 (pp. 3-4): Students complete a SEN entry in which they consider whether 

an object is the same material when it changes shape and whether the amount of 

material changes. 

• Lesson 2-3 (pp. 3-4): Students develop initial models of solid and liquid matter.  

• Lesson 3-2 (pp. 4-5): Students share examples of smells they have encountered and 

develop initial models of what gases look like when enlarged. 

• Lesson 4-2 (pp. 3-4): Students share their experiences with rotting food or other 

materials (e.g., leaves in the fall that seem to vanish). 
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Embedded Formative Assessments 

 

The purpose of the embedded formative assessments, marked in the lesson plans with the 

check mark icon , is to provide teachers and students with opportunities and tools to monitor 

students’ developing understanding. Consistent with a view of formative assessment as a 

process, these assessments are embedded in instruction so that they can be used by students and 

teachers to guide teaching and learning in the classroom. These assessments also include prompts 

to extend student thinking that teachers can use strategically with high proficiency/high interest 

students. While every SAIL lesson is focused on three-dimensional learning, some of the 

embedded formative assessments strategically foreground one of the dimensions. For example, 

whereas Lesson 2-1 blends all three dimensions of SEP (e.g., planning and carrying out an 

investigation), DCI (e.g., conservation of matter), and CCC (e.g., systems), the Exit Slip in 

Lesson 2-1 foregrounds the SEP, as the practice of planning and carrying out an investigation is 

first introduced in this lesson. In Lesson 3-3, when students complete the investigation and 

develop an understanding of systems and conservation of matter, another Exit Slip foregrounds 

the CCC and DCI. Throughout the unit, teachers have opportunities to engage in formative 

assessment at the level of the class, small groups, and individual students. Students also have 

opportunities to engage in self and peer assessment. Each type of embedded formative 

assessment is described next. 

 

Class Checks! The purpose of Class Checks! is for teachers to read individual student 

work (in the form of a SEN entry or an Exit Slip) with the goal of making inferences about the 

class as a whole. The NGSS promote a view of science in which students develop their 

understanding over time. Thus, providing individual feedback on the accuracy of students’ ideas 

too early in instruction could short-circuit opportunities for sense-making that are crucial to 

developing deep science understanding. Nonetheless, teachers need to have a sense of their 

students’ thinking at various points in the unit, not to “correct” this thinking, but to use the 

information to inform subsequent instruction such that students have meaningful opportunities to 

revise their thinking moving forward. Most Class Checks! also include optional extension 

prompts for high proficiency/high interest students. Feedback for Class Checks! is provided to 

the whole class as part of subsequent instruction in the form of a review or class discussion. 

Class Checks! often appear in pairs: The first check reminds the teacher to collect student work 

and provides specific criteria indicating what the teacher should look for in that work. The 

second check, identified as Class Check! Follow-Up, signals to the teacher an appropriate time to 

provide class-level feedback. Of course, teachers always have the option of providing feedback 

to individual students and/or using the Class Checks! as a means of identifying specific students 

who may need additional support in subsequent lessons.  

 

Small Group Checks! The purpose of Small Group Checks! is to assess student 

understanding and promote deeper discussion among students when they are working in small 

groups. Consistent with our view of the science classroom as a community of practice, much of 

the instructional time in the unit is devoted to small group work. In addition to being an essential 

feature of the SAIL lessons, small group work is a critical moment for teacher formative 

assessment. Small Group Checks! are a form of dynamic (or interactive) formative assessment in 

which the teacher gains insight into student understanding and provides immediate feedback in 

the form of probing questions (not “correct” answers) that guide students’ thinking forward. 
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These discipline-specific probes go beyond the type of general-purpose talk moves that teachers 

typically use when circulating among groups, for example, “Tell me more about your model” 

(Grapin, Haas, Goggins, Llosa, & Lee, in press). Discipline-specific probes target specific 

concepts and ideas and appear in the lessons when students are engaged in a range of SEPs. 

Many Small Group Checks! also include optional prompts to extend student thinking to a 

different context or to extend to other science ideas within the grade level. 

 

Individual Checks! The purpose of Individual Checks! is for teachers to assess students’ 

written work and provide students with individual feedback on their performance. In the unit, 

students have the opportunity to write arguments and an explanation toward answering the 

driving question of the unit. These written tasks give students an opportunity to demonstrate their 

learning by engaging in key practices (e.g., argue from evidence, construct explanations) while 

applying their understanding of DCIs (e.g., properties, conservation of matter, decomposition) 

and CCCs (e.g., patterns, systems). Because these written tasks bring together much of the 

learning in the unit, they are ideal artifacts to assess individual student learning and provide 

individual feedback. In Individual Checks! the teacher assesses students’ written work using 

detailed rubrics, which are included at the end of the lesson and are intended for teacher use. 

Teachers can then use the criteria outlined in the rubric to provide specific comments to students 

on the feedback form in the student handout. Individual Checks! appear mainly in the second 

half of the unit when students are expected to have developed science understanding. This is 

consistent with the NGSS instructional shift on learning progressions. 

 

Self and Peer Check! The purpose of Self and Peer Checks! is for students to assess 

their own work and the work of their peers. By engaging in self and peer assessment, students 

become explicitly aware of task expectations and criteria. They also come to better understand 

the nature of SEPs. For example, the Self and Peer Check! in Lesson 2-2 asks students to assess 

the argument they developed using specific questions that highlight the different parts of an 

argument (e.g., Does your claim answer the investigation question?). In Lesson 3-3, students also 

have an opportunity to assess the extent to which their models and those of their peers include 

key components, processes, and modeling conventions (e.g., Does the model include the 

following components?). 

The table below lists the assessments in the Garbage unit. In addition to the assessment 

opportunities explicitly embedded in the unit, teachers can utilize any instructional moment as an 

opportunity for assessment. 

 

Monitoring NGSS Student Progress in the Garbage Unit 

PRE-ASSESSMENT 

 

Lesson 1-1 

 

Day 1 of 4 

 

 

SMALL GROUP CHECK! Categories and Properties of Garbage 

 

CLASS CHECK! Categories and Properties of Garbage 

 

Day 3 of 4 CLASS CHECK! Categories and Properties of Garbage Follow-Up 
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Day 4 of 4 CLASS CHECK! Garbage Disposal System 

Lesson 2-1 

 

Day 1 of 3 

 

CLASS CHECK! Garbage Disposal System Follow-Up 

 

Day 3 of 3 CLASS CHECK! Planning the Landfill Bottle Investigation 

 

Lesson 2-2 

 

Day 1 of 2 

 

CLASS CHECK! Planning the Landfill Bottle Investigation Follow-Up 

 

Day 2 of 2 

 

SELF AND PEER CHECK! Arguing from Evidence 

 

CLASS CHECK! Conservation of Matter 

 

Lesson 2-3 

 

Day 1 of 2 SMALL GROUP CHECK! Sugar and Water Particles 

 

Day 2 of 2 SMALL GROUP CHECK! Modeling Solids and Liquids as Particles 

 

CLASS CHECK! Modeling Solids and Liquids as Particles 

 

Lesson 3-1 

 

Day 1 of 1 

 

 

 

Lesson 3-2 

 

Day 1 of 3 CLASS CHECK! Modeling Solids and Liquids as Particles Follow-Up 

 

Day 2 of 3 

 

SMALL GROUP CHECK! Gases as Particles  

 

Day 3 of 3 CLASS CHECK! Modeling Gases as Particles 

 

Lesson 3-3 

 

Day 2 of 3 

 

INDIVIDUAL CHECK! Arguing About the Amount of Matter in a Landfill 

Bottle 

 

Day 3 of 3 SMALL GROUP CHECK! Gas and Conservation of Matter 

 

CLASS CHECK! Conservation of Matter Extension Task 

 

Lesson 4-1 
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Day 1 of 2 CLASS CHECK! Conservation of Matter Extension Task Follow-Up 

 

Day 2 of 2 SMALL GROUP CHECK! Mixing Substances 

 

INDIVIDUAL CHECK! Arguing About the Amount of Matter When 

Substances are Mixed 

  

Lesson 4-2 

 

Day 2 of 4 INDIVIDUAL CHECK! Explaining Changes to Materials in the Landfill Bottle 

 

Day 3 of 4 

 

SELF AND PEER CHECK! Group Model of Landfill Bottle Systems 

 

SUMMATIVE END-OF-UNIT ASSESSMENT 
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How to Read SAIL Lessons 
 

The SAIL lessons follow a consistent structure described below: 

 

A. Lesson Number. The unit is divided into four clusters, each consisting of one or more 

lessons. The lessons are numbered such that the first number indicates the cluster and the 

second number indicates the lesson within that cluster. Lesson 2-1, for example, is the 

first lesson in the second cluster. 

 

B. Lesson Title. Each lesson has a title in the form of a sub-question that students answer.  

 

C. Learning Performances. Learning performances describe what students do in the lesson 

in the context of the unit phenomenon. Each lesson has one or more learning 

performance(s). These learning performances are three-dimensional and build toward the 

targeted PEs.  

 

D. Elements of the Three Dimensions. This section specifies the elements of the three 

dimensions that are included in the lesson’s learning performance(s).  

 

E. White Banner. White banners indicate the different parts of the lesson. The lessons are 

comprised of three parts: (1) Introducing the Lesson, (2) Carrying Out the Lesson, and (3) 

Closing the Lesson. 

 

F. Purple Banner. Purple banners indicate key events in the lesson. They are written to 

reflect what students are doing in each part of the lesson. 

 

G. Teacher Apple. Teacher apples, indicated by the yellow banner and apple icon, contain 

background information for teachers. This background information includes guidance 

regarding specific NGSS dimensions (e.g., a DCI) and classroom logistics (e.g., grouping 

for an activity).  

 

H. Italicized Text. Text in italics indicates teacher suggested language, which is intended to 

provide guidance to teachers on how they can use language in NGSS instruction with all 

students and ELs in particular. This language is not intended to provide a script for 

teachers to read verbatim. 

 

I. Assessments. Assessments, indicated by the check mark icon, provide opportunities for 

students and teachers to engage in formative assessment. Assessments are embedded in 

the lessons in the form of Class Checks!, Small Group Checks!, Individual Checks!, and 

Self and Peer Checks! 

 

J. Tracking What We Figured Out. This section provides one optional suggestion for 

creating a visual display in the classroom to guide students to think about the sub-

question of the lesson and what they have figured out so far. 
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K. Evidence Statements. Evidence statements describe the observable aspects of student 

performance that provide evidence of meeting the lesson’s learning performance(s). Each 

evidence statement corresponds to a learning performance. 

 

L. Connections to NGSS Performance Expectations. This section indicates the fifth-grade 

NGSS PE that each lesson is building toward. 

 

M. Building Progressions. This section indicates the element of each SEP, DCI, and CCC, 

as well as the corresponding element at the K-2 grade band and the Middle School grade 

band. The section provides guidance to teachers about what SEPs, DCIs, and CCCs their 

students might have experienced from the K-2 grade band and what they will be building 

toward in the Middle School grade band. 

 

N. Connections for English Language Arts-Literacy. This section indicates each lesson’s 

connections to the Common Core State Standards (CCSS) for ELA/literacy in fifth grade. 

 

O. Connections to CCSS for Mathematics. This section indicates each lesson’s 

connections to the Common Core State Standards (CCSS) for mathematics in fifth grade. 
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Summary of Three-Dimensional Learning Across Lessons in the Garbage Unit 
 

Science and Engineering Practices 1-1 2-1   2-2 2-3 3-1   3-2 3-3 4-1 4-2 

Asking questions and defining problems: Ask questions that can be investigated and predict 

reasonable outcomes based on patterns, such as cause and effect relationships. 
    X         

Developing and using models: 

Develop and/or use models to describe and/or predict phenomena.    X     X 

Develop a model using an analogy, example, or abstract representation to describe a scientific 

principle or design solution. 
     X    

Planning and carrying out investigations: Make observations and/or measurements to 

produce data to serve as the basis for evidence for an explanation of a phenomenon or test a 

design solution. 

    X X    X  X    X   X 

Analyzing and interpreting data: Represent data in tables and/or various graphical displays 

(bar graphs, pictographs, and/or pie charts) to reveal patterns that indicate relationships. 
      X   

 Using mathematical and computational thinking: Describe, measure, estimate, and/or graph 

quantities such as area, volume, weight, and time to address scientific and engineering 

questions and problems. 

        X  X   

Constructing explanations and designing solutions: Identify the evidence that supports 

particular points in an explanation. 
        X 

Engaging in argument from evidence: Support an argument with evidence, data, or a model.   X     X  

Obtaining, evaluating, and communicating information: Compare and/or combine 

information across complex texts and/or other reliable media to support the engagement in 

other scientific and/or engineering practices. 

        X 
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Disciplinary Core Ideas 1-1 2-1 2-2 2-3 3-1 3-2 3-3 4-1 4-2 

PS1.A Structure and Properties of Matter: 

Measurements of a variety of properties can be used to identify materials.  X     X X X     

The amount (weight) of matter is conserved when it changes form, even in transitions in 

which it seems to vanish. 
      X  X  X X  

Matter of any type can be subdivided into particles that are too small to see, but even then, 

the matter still exists and can be detected by other means. 
   X  X    

A model showing that gases are made from matter particles that are too small to see and are 

moving freely around in space can explain many observations, including the inflation and 

shape of a balloon and the effects of air on larger particles or objects. 

     X    

(Grade 2) Different kinds of matter exist. You can distinguish materials by their observable 

properties. 
  X         

PS1. B Chemical Reactions: 

No matter what reaction or change in properties occurs, the total weight of the substances 

does not change. 
 X     X X  

When two or more different substances are mixed, a new substance with different properties 

may be formed. 
       X  

LS2.A Interdependent Relationships in Ecosystems (partial DCI): Some organisms, such as 

fungi and bacteria, break down dead organisms (both plants or plants (sic) parts and 

animals) and therefore operate as “decomposers...” 

        X 
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Crosscutting Concepts 1-1 2-1 2-2 2-3 3-1 3-2 3-3 4-1 4-2 

Patterns: 

Patterns can be used as evidence to support an explanation.   X       

Similarities and differences in patterns can be used to sort, classify, communicate and 

analyze simple rates of change for natural phenomena and designed products. 
X  X       

Cause and effect – Mechanism and prediction: Cause and effect relationships are routinely 

identified, tested, and used to explain change. 
        X 

Scale, proportion, and quantity: Natural objects exist from the very small to the immensely 

large. 
     X    

Energy and matter – Flows, cycles, and conservation: 

Matter is made of particles.    X      

Matter flows and cycles can be tracked in terms of the weight of the substances before and 

after a process occurs. The total weight of the substances does not change. This is what is 

meant by conservation of matter. Matter is transported into, out of, and within systems. 

    X  X X  

Systems and system models: A system can be described in terms of its components and their 

interactions. 
X X       X 
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