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Summary Comments 

Thank you for your commitment to students and their science education. NextGenScience is glad to 

partner with you in this continuous improvement process. The unit is strong in several areas, including 

student opportunities to engage with the anchor and module-level phenomena in authentic and 

relevant ways. This is accomplished by connecting the lessons to one another and to the anchor 

phenomenon. Students are also provided with multiple opportunities to ask questions about 

information they have engaged with and to try to determine the next steps in exploring the modular 

phenomena. 

During revisions, the reviewers recommend paying close attention to the following areas: 

• Feedback. Students are provided with multiple opportunities to share their ideas with their 

peers. However, there are few explicit opportunities provided for students to obtain feedback 

related to their use of all three dimensions.  

• Scaffolding over time. Students actively engage in the identified focal Science and Engineering 

Practices (SEPs). However, the same supports are provided throughout the unit and students are 

not expected to demonstrate more responsibility for using the practices at the end of the unit 

compared to the beginning of the unit.   

• Supports for multilingual students and students with disabilities. The materials identify student 

supports throughout the lessons with most being generic in nature. It would be helpful to 

provide specific supports for both multilingual students and those with disabilities. 

Note that in the feedback below, black text is used for either neutral comments or evidence the 

criterion was met and purple text is used as evidence that the criterion was not met.    
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Extensive   
(None, Inadequate, 
Adequate, Extensive) 

 

The reviewers found extensive evidence that learning is driven by students making sense of phenomena 

or designing solutions to a problem. All lessons center on an anchor phenomenon of cattle size changing 

over time as well as on related phenomena. Students regularly ask questions about the phenomena in 

each lesson to motivate and direct the lessons. 

 

Students create a Driving Question Board (DQB) in Lesson 1. This provides an opportunity for students to 

regularly (almost daily) return to the phenomena to add layers of explanation based on learning. The 

DQB is used to elicit student questions and encourage them to return to the anchor phenomenon. 

Evidence includes: 

• Lesson 1, Part 1: After introducing the unit driving question, students are provided the 

“opportunity to record any questions that they are curious about regarding how cattle sizes 

have increased over time…” (Teacher Guide, page 6).   

• Lesson 1, Part 2: “As a final step in this lesson, student will create a list of questions that can 

help them determine what additional information they need to know to help them figure out 

how cattle have become bigger over time” (Teacher Guide, page 12). After completing a 

Questions-Only Routine, students add relevant questions to the DQB. “As students share their 

questions, ask them to group similar questions into categories… illustrating that students’ 

questions are motivating and driving the introduction of the following lessons” (Teacher Guide, 

page 12). 

• Lesson 2, Part 1: “To begin the lesson and make the connection between the previous lesson 

and this one clear, return to the Driving Question Board. Share out the different question 

categories that students created. Ask students which of the question categories would be most 

important to figure out first to make progress on our Driving Question… Facilitate the 

conversation so that students agree…it would be helpful to figure out how individual cattle 

grow” (Teacher Guide, page 2). 
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• Lesson 7: “Ask students what they think they need to figure out next to help make additional 

progress on the unit Driving Question… Build off student responses that focus on questions 

about genes. Direct the class back to the Driving Question Board and point the ‘Why do different 

cattle breeds have different traits?’ category of questions” (Teacher Guide, page 9). 

• Lesson 15: “Ask students to individually review their initial models from Lesson 13… Ask 

students if these models accurately reflect the new evidence they now have about how the 

environment affects genomic expression… Build off student responses to share that they will 

revise their models using evidence gathered from previous lessons. Finally, point to the Driving 

Questions Board. Share a few selected questions that align with what students will investigate in 

the upcoming lesson” (Teacher Guide, pages 2–3). 

• Lesson 20: “Point to the remaining questions on the Driving Question Board. Share a few 

selected questions that align with what students will investigate in the upcoming lesson… 

Students should record these questions and ideas on their Lesson 20 Student Guide Part 1:  Our 

Motivation. This will help students understand how this lesson connects to what they were 

trying to figure out about the Module Phenomenon” (Teacher Guide, page 2). 

 

The focus of the lessons is to support students in making sense of the anchor phenomenon of cattle size 

changing over time as well as several related phenomena that connect back with the anchor 

phenomenon. Related evidence includes: 

• Lesson 1: Students are provided with handouts containing images of various types of cattle and 

comparisons of the same breed in the past and present. The teacher facilitates a discussion 

about the images. “Build off the variety of responses to share with students that to figure this 

out, they will now observe three different breeds of cattle and compare the sizes of the 

historical cattle to the sizes of present-day cattle. Tell students that to make accurate 

comparisons, it will make sense to focus on three breeds of cattle and compare the same breed 

from the past to the breed today. Direct students to the Lesson 1 Student Handout Historical 

Breed Comparisons to make their observations. Tell students that these are examples of some 

of the largest cattle of each breed that have been documented” (Teacher Guide, page 3). 

• Lesson 1, Part 1: Students analyze data in the handout describing changes in beef production 

and weight. The teacher is directed to “summarize that in the graph and the cattle images 

observed, cattle sizes have increased over time… Building off these observations, introduce the 

Unit Driving Question, How have cattle become bigger over time?” (Teacher Guide, page 6) 

• Lesson 6: “Share with students that they will now observe a new phenomenon to help them 

figure out how the similarities and differences between the microscopic structure of cells in 

cattle organs relate to genetic information. Share that observing the differences in the organ 

cells, such as muscle cells, can help us see what we have figured out in this module so far and 

how it can be applied to understanding how cattle grow. Have students observe the images in 

their Lesson 6 Student Handout Cell Microscopy. Share that they should record what they notice 

about the three types of cells, describing similarities and differences, in their Lesson 6 Student 

Guide Part 2: Observing a New Phenomenon” (Teacher Guide, page 3). 
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• Lesson 8: “Distribute the Lesson 8 Student Handout Differences in Cattle Breeds. Instruct 

students to observe the images of cattle breeds and record what they notice about the 

observable traits of the various breeds on their Lesson 8 Student Guide Part 2: Observing the 

Module Phenomenon. Invite a few students to share their responses… After agreeing on their 

observations from the handout, ask students to share what questions they have about what 

they have observed. Accept and encourage student questions. Build off student questions to 

introduce the Module Question, Why do different cattle breeds have different traits? Share with 

students that they will set out to investigate this question in this module” (Teacher Guide, pages 

3–4). 

• Lesson 18: Students engage with the Lesson 18 Student Handout Commercial Beef Production 

Graph. Students observe that this graph is the same as the one seen in Lesson 1 but has a new 

line. “Ask students to share what questions they have after seeing this new line on the graph. 

Accept and encourage student questions. Build off student responses to introduce the Module 

Question, How can there be fewer cattle but more beef production? Share with students that 

they will set out to investigate this question in this module” (Teacher Guide, page 4). 

• Lesson 21: “Share with students that they will now observe a new phenomenon to help them 

figure out if the increase in size over time has occurred in other species as it has in cattle. Share 

that observing the changes in an animal, such as salmon, that has had human intervention to be 

used for food, like cattle, can help us see if what we have figured out in this unit can be applied 

to other food animals… Have students observe the image in their Lesson 21 Student Guide Part 

2: Observing a New Phenomenon. Share that they should record what they notice about the two 

pieces of salmon using the information provided in the text and the physical appearance. After 

students have written their observations, hold a whole-class discussion for students to share 

what they noticed. Ask students what questions they have after observing this image” (Teacher 

Guide, pages 2–3). 

• Lesson 23: “Introduce the Performance Task by sharing with students that they will use what 

they have learned in the unit to complete an individual final assessment performance task. 

Explain to students that they will now take everything they’ve learned throughout the entire 

unit and work to create an explanation that answers the Performance Task Question, How have 

food animals become bigger over time? In order to do so, we first need to revisit the Anchor 

Phenomenon. Distribute the Lesson 23 Student Handout Wild Animal Images. Have students 

find a partner or small group to review the pictures and information about the wild animals. 

Give students time to read and discuss the information. Then, instruct students to record their 

thoughts about the insights they have gained about genetics and the environment that 

contribute to their understanding of the growth trends observed in the wild animals” (Teacher 

Guide, page 4). 

 

Suggestions for Improvement 

N/A 

 
 
 



EQuIP Report Template for Units 

 
 

 8 

 

 

 

Extensive  
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found extensive evidence that the materials give students opportunities to build 

understanding of grade-appropriate elements of the three dimensions. Students are engaged in every 

lesson with high school elements of all three dimensions while making sense of the unit and lesson 

phenomena. There are sufficient elements and time for the length of the unit for students to show 

understanding and there is a close match between claimed elements in the Unit Overview and Teacher 

Guide with the activities that students do in the lessons. 

 

Science and Engineering Practices (SEPs) | Rating: Extensive 

The reviewers found extensive evidence that students have the opportunity to use or develop the SEPs 

in this unit. Lesson activities involve regular engagement of students with high school-level elements. 

 

Developing and Using Models 

• Develop, revise and/or use a model based on evidence to illustrate and/or predict the 

relationships between systems or between components of a system. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit.   

o Claimed in Lesson 2. Students observe images in the Lesson 2 Students Handout 

Observing the Module Phenomenon and record what they see and/or notice. Working 

in small groups, they “create an initial model…to answer the Module Question, How do 

cattle grow?” (Teacher Guide, page 4) The teacher introduces model conventions such 

as annotations, arrows to point out important features and connections, and 

descriptions of processes and any noticeable patterns. 

o Claimed in Lesson 5. Students review their Class Consensus Model to identify gaps that 

exist between the model and what they have learned up to this point in the module.  

“Share with students that they will revise their model to reflect their new understanding 

of the Module Question, How do cattle grow?” (Teacher Guide, page 3). Students are 

then directed to use “evidence we have gathered in Lesson 3 and 4, revise the Model of 
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Cattle Growth you developed from Lesson 2 that answers our Module Question, How do 

cattle grow?” (Student Guide, Part 2, page 1) 

o Claimed in Lesson 6. Students explore the different cell types in different organs. Using 

microarray data, students identify the relationship between gene expression and organ 

type. Students use this information to revise their model of cattle growth. The model is 

expected to include “how cell differentiation occurs via patterns of gene expression in 

different cell types” (Student Guide, page 6). 

o Claimed in Lesson 7. “To answer the Driving Question, How have cattle become bigger 

over time?, develop models of historic and modern cattle that clearly demonstrate your 

new understanding after completing the module. Use one piece of paper to complete 

your model of historical cattle and another piece of paper for your model of modern 

cattle.” Students are reminded to include information demonstrating relationships 

between system components, such as linking patterns in gene expression at the 

subcellular scale with cell types and observable patterns of cattle growth and 

differences in cattle organs (Student Guide, page 1). 

o Claimed in Lesson 12. Students work in small groups to develop a model to answer the 

Driving Question, How have cattle become bigger over time? Students “develop models 

of historic and modern cattle that clearly demonstrate your new understanding after 

completing the module. Use one piece of paper to complete your model of historical 

cattle and another piece of paper for your model of modern cattle” (Student Guide, 

page 1). Students are prompted to include model elements such as using arrows to 

show clear cause-and-effect relationships, demonstrating how DNA, proteins, and traits 

are linked and highlighting how understanding smaller scale mechanisms can help 

describe causes of cattle growth. 

o Claimed in Lesson 13. Students “make observations about the influence of 

environmental conditions on cattle growth” by recording observations from the 

“Influences on Cattle Performance” handout (Student Guide, page 1). Using this 

information, students create “a model to answer the Module Questions: How do 

environmental factors affect cattle size?”  Students are told to include “annotations of 

how images might relate to one another” and “arrows that point out important features 

and/or explain connections between the images you include” (Student Guide, page 2). 

o Claimed in Lesson 14. Students explore how histone, acetyl, and methyl molecules affect 

gene expression by using a model of chromatin. Using the information in the 

Environmental Influences on Cattle DNA handout, students will “modify their models to 

represent how the two different environmental factors could alter gene expression in 

each case… students should determine which environmental condition corresponds to 

which chromatin state and modify their model by folding or unfolding their chromatin 

(including changing methylation or acetylation patterns as needed)” (Teacher Guide, 

page 4). After recording their data, students summarize their findings, describing how 

environmental factors, and their mechanisms, affect expression of traits (Student Guide, 

page 2). As students do this, they likely engage in a different 9–12-level SEP element: 

Develop and/or use a model (including mathematical and computational) to generate 
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data to support explanations, predict phenomena, analyze systems, and/or solve 

problems. 

o Claimed in Lesson 15. Students are directed to return to their initial model from Lesson 

13. In small groups, students “revise their models to reflect their new understanding of 

how the environment influences gene expression and cattle growth.” Students may “use 

their resources from throughout the module to help them revise these models” 

(Teacher Guide, page 3). 

o Claimed in Lesson 16. Students review case studies exploring epigenetic influences in 

other mammals. Students use summarized trends or patterns to revise their Model of 

Environmental Factors that impact Trait Expression they developed in Lesson 15 

(Student Guide, Part 3, page 5). 

o Claimed in Lesson 17. Students work in small groups to develop a model to answer the 

Driving Question, How have cattle become bigger over time?  Students “develop models 

of historic and modern cattle that clearly demonstrate your new understanding after 

completing the module. Use one piece of paper to complete your model of historical 

cattle and another piece of paper for your model of modern cattle” (Student Guide, 

page 1). Students are prompted to include model elements such as using arrows or 

annotations to show clear cause-and-effect relationships, and the role of environmental 

factors at subcellular scale on traits expression is explicitly shown. 

o Claimed in Lesson 23. “Individually, students will construct a model to answer the 

Performance Task Question, How have food animals become bigger over time? To begin 

their work, Distribute the Lesson 23 Student Handout Developing a Model. Students 

should use their new understanding about broiler chicken growth over time and also 

rely on what they have learned throughout the entire unit about cattle growth over 

time” (Teacher Guide, page 6). Students’ models are expected to incorporate model 

conventions used throughout the unit. 

• Develop a complex model that allows for manipulation and testing of a proposed process or 

system. 

o Claimed in Lesson 19. Students create a model to understand the change in cattle size in 

a population of cattle. Students are encouraged “to consider the steps that they would 

need to include in order to be able to model this breeding activity. Have them envision 

the class testing out this model in order to better understand the change in cattle 

weight, and what steps would allow them to see to this change” (Teacher Guide, page 

4). Students then “record the steps you have created in order to model the change in 

cattle weight over time in a small population” (Student Guide, Part 2, page 2). 

 

Analyzing and Interpreting Data 

• Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in 

order to make a valid and reliable scientific claim or determine an optional design solution. 

o Claimed in Lesson 4. “Using your gene map and the information from the table above, 

make a claim that describes the relationship between genes, chromosomes, and 

different cell types” (Student Guide, Lesson 4, page 3). 
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o Unclaimed element in Lesson 11. Students use a simulation model to complete 

transcription and translation of a given gene sequence. The data are recorded in the 

“Using Models of Transcription and Translation” table in their Student Guide (page 1) 

along with the expressed trait. These data are then used to construct an explanation to 

the module question, Why do different cattle breeds have different traits? (Student 

Guide, page 3). 

 

Constructing Explanations and Designing Solutions 

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety 

of sources (including students’ own investigations, models, theories, simulations, peer review) 

and the assumption that theories and laws that describe the natural world operate today as they 

did in the past and will continue to do so in the future. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit. 

o Claimed in Lesson 1. “Share that students will now have an opportunity to construct an 

explanation based on the model they just created in Part 2 to explain the components of 

their model in more detail, the annotations they included, and how what they illustrated 

in their model supports the Driving Question, How have cattle become bigger over time? 

Students will complete their explanation in their Lesson 1 Student Guide Part 3: Creating 

an Initial Explanation of Cattle Growth” (Teacher Guide, page 7). 

o Unclaimed element in Lesson 6. Students review a cell microscopy handout, comparing 

the cells in each of the images. Students complete a microarray investigation, identifying 

the genes turned on in each identified tissue type. Using the gene cards from Lesson 4, 

students “identify similarities in the functions of each of the genes that are turned on 

and expressed in the same tissue type.” (Student Guide, page 4). Utilizing “the evidence 

you gathered, revise your explanation to describe why cattle have different types of 

cells in different organs” (Student Guide, page 5). 

o Claimed in Lesson 7. After developing a model to answer the Driving Question, How 

have cattle become bigger over time?, students construct an explanation to support this 

model. Students are prompted to “use evidence from multiple sources in your 

explanation and explicitly reference the resources or data incorporated into your 

revisions” (Student Guide, page 2). 

o Claimed in Lesson 8. Students record observations from the Lesson 8 Student Handout, 

Differences in Cattle Breeds. After completing a brainstorming routine, “have students 

draw on any of the ideas shared that they think is best to develop an initial explanation 

for why they think different cattle breeds have different traits. Remind students to 

reference both the images and the table from the handouts in developing their 

explanation” (Teacher Guide, page 5). The teacher is instructed to connect “the latter 

portions of this SEP” using a provided prompt (Teacher Guide, page 8). This component 

of the SEP is teacher-directed as an introduction of these ideas to students. 

o Claimed in Lesson 10. Students revise their initial explanations “Why do different cattle 

breeds have different traits?” As students work, teachers are prompted to circulate and 
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ask pressing questions such as “What new ideas have you added to your explanation?” 

and “What evidence from previous lessons supports your explanation?” (Teacher Guide, 

page 3) 

o Claimed in Lesson 11. Using a simulation, students identify a given amino acid sequence 

based on its DNA sequence and the expressed trait resulting from that amino acid 

sequence. Students then revise their explanation to the module question, Why do 

different cattle breeds have different traits? (Student Guide, page 3). Students are to 

include “how differences in multiple DNA sequences of growth genes contribute to 

differences in traits” and “cite specific evidence form the DNA sequences and gene 

functions” (Student Guide, page 3). 

o Claimed in Lesson 12. “Using the model you have just created, construct an explanation 

of this model to answer the Driving Question, How have cattle become bigger over 

time? You may include information from your explanations from Lessons 1, 7, 8, 10, 

and/or 11 and add in your new understanding of how cattle grow and the role of 

genetics in growth.” Students are reminded to include information such as the link 

between DNA, RNA, proteins, and observable traits; use evidence from and reference at 

least two sources; and “incorporate the assumption that the theories describing the 

natural world have always operated the same way in the past, continue to do so today, 

and will remain consistent in the future” (Student Guide, page 2). 

o Claimed in Lesson 17. “Using the model you have just created, construct an explanation 

of this model to answer the Driving Question, How have cattle become bigger over 

time? You may include information from your explanations from Lessons 7 or 12 and 

add in your new understanding of how cattle grow and the role of genetics in growth.”   

Students are reminded to include information such as the potential influence of 

environmental factors on gene expression; use evidence from and reference at least 

two sources; and “incorporate the assumption that the theories describing the natural 

world have always operated the same way in the past, continue to do so today, and will 

remain consistent in the future” (Student Guide, page 3). 

o Claimed in Lesson 18. Students observe a new phenomenon, which is the “Commercial 

Beef Production Graph” showing the relationship between beef production and average 

weights and number of cattle produced. From this information, students “generate an 

initial explanation in small groups, articulating their current response to the Module 

Question…” (Teacher Guide, page 4). “In this lesson, students can use the knowledge 

and evidence they have gained in the previous three modules to develop an initial 

explanation for how they think there are fewer cattle but more beef production” 

(Teacher Guide, page 7). Based on the sample student responses and “Look Fors”, it is 

unclear that students will actively incorporate “the assumption that theories and laws 

that describe the natural world operate today as they did in the past and will continue 

to do so in the future.” 

o Claimed in Lesson 20. Students “revise their initial explanation to update their answer to 

the Module Question, How can there be fewer cattle but more beef production?” 

Students are prompted to include their response “how our model helped us understand 
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how the trait of size has changed over time in the U.S. cattle population” (Student 

Guide, Part 2, page 1). 

o Claimed in Lesson 22. “Return to your explanation from Lessons 1, 7, 8, 10, 12, and/or 

17 and add in your new understanding of how cattle grow and the role of genetics in 

growth. Revise your explanation to answer the Driving Question, How have cattle 

become bigger over time?” Students are prompted to include the role of genetics in trait 

variation, the role of environmental factors on population traits, and to use and 

reference at least two sources (Student Guide, page 2). 

o Claimed in Lesson 23. “Individually, students will construct an explanation using what 

they have learned throughout the entire unit to answer the Performance Task Question, 

How have food animals become bigger over time?” Student explanations should include 

information such as how genetic and environmental factors influence growth in broiler 

chickens, cause-and-effect relationships at various scales and “a discussion of how the 

theories describing the natural world have always operated the same way in the past, 

continue to do so today, and will remain consistent in the future” (Teacher Guide, page 

8). 

 

Obtaining, Evaluating, and Communicating Information 

• Critically read scientific literature adapted for classroom use to determine the central ideas or 

conclusions and/or to obtain scientific and/or technical information to summarize complex 

evidence, concepts, processes, or information presented in a text by paraphrasing them in 

simpler but still accurate terms. 

o This is an unclaimed element in Lesson 16. Students engage with four handouts adapted 

from primary scientific literature describing epigenetic influences on the developing 

fetuses based on environmental factors that occurred during gestation. Students 

“annotate key data points, observations, or questions about how environmental factors 

that parents are exposed to can influence their offspring.” Students record summary 

findings from each study in the provided graphic organizer (Student Guide, Part 2). 

Students use this information when they revise their models from Lesson 15. 

• Compare, integrate, and evaluate sources of information presented in different media or 

formats (e.g. visually, quantitatively), as well as in words in order to address a scientific 

question or solve a problem. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit 

o Claimed in Lesson 3. “Using the ‘Information Sources’ Handout, analyze the four sources 

to compare and evaluate the information. How do each of the following sources explain 

how organisms grow?” (Student Guide, Part 2). Students complete a table to organize 

their findings. Students are then asked to evaluate the information and identify “what 

information seems most relevant to answering the Module Question, How do cattle 

grow?” 

o Claimed in Lesson 9. Students are divided into four expert groups and assigned a specific 

topic using the appropriate student handout: DNA, Central Dogma Theory 1 or 2, and 
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Proteins. Each group reviews the sources of varying media types provided as additional 

resources. They then identify which sources are credible, summarize key points from 

those credible sources, and integrate information from the sources (e.g., Student 

Handout Proteins). 

o Claimed in Lesson 21. In groups, students gather evidence from provided resources (text 

and video) to determine why wild salmon and farmed salmon are different. Students 

evaluate the sources using the Evaluating Evidence student handout and then “compare 

the two sources your group reviewed” (Student Guide, Part 4, page 3). Students then 

share information from their group with other groups. “Using the elements from the 

‘Evaluating Evidence’ handout from Lesson 3, describe the ways in which each of the 

sources explored in this lesson contributed to your understanding of why it is important 

to compare, integrate, and evaluate information to answer science questions like our 

lesson question…” (Student Guide, Part 4, page 5). Students use this information to 

address the scientific question “Why are farmed salmon and wild salmon so different?” 

utilizing genetic and environmental factors to explain the change over time. 

o Claimed in Lesson 23. Students use the Lesson 3 Evaluating Evidence handout to 

determine the validity and reliability of claims presented in four separate articles about 

chicken growth. Students will be “using this information to help them construct a final 

explanation, supported by a model, that answers the Performance Task Question, How 

have food animals become bigger over time?” (Teacher Guide, page 5) “Once students 

have analyzed Articles 1 through 4, direct them to the new scientific information in Data 

Sets 1 through 4…where they will compare, evaluate, and integrate the information 

presented” (Teacher Guide, page 6). 

 

Disciplinary Core Ideas (DCIs) | Rating: Extensive 

The reviewers found extensive evidence that students have the opportunity to use or develop the 

claimed DCIs in this unit. Lesson activities involve regular engagement with the claimed high school-level 

elements.  

 

LS1.A Structure and Function 

• All cells contain genetic information in the form of DNA molecules. Genes are regions in the 

DNA that contain the instructions that code for the formation of proteins, which carry out most 

of the work of cells. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit. 

o Partially claimed in Lesson 4. Students are provided with a set of Gene Mapping Activity 

Cards. These cards contain information about the location of the various genes and their 

functions. Students may use this information in order to sort the cards into various 

categories based upon the function or system it is associated with. 

o Claimed in Lesson 8. However, no evidence was found that students engage with this 

element within this lesson. 
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o Claimed in Lesson 9. Student Handout Central Dogma Theory: Students engage in 

exploring the flow of genetic information through DNA replication, transcription, and 

translation, resulting in protein development.   

o Claimed in Lesson 10. Students revise their initial explanations “Why do different cattle 

breeds have different traits?” to “include their ideas of how DNA, protein, and the 

Central Dogma theory help explain differences in traits” (Teacher Guide, page 3). 

Teachers are directed to look for students incorporating ideas such as “genes are 

regions in the DNA that contain the instructions that code for the formation of proteins, 

which carry out most of the work of cells” (Teacher Guide, page 4). 

o Claimed in Lesson 11. Using a simulation, students identify a given amino acid sequence 

based on its DNA sequence and record these in Part 2 of their Student Guide. Students 

compare the amino acid sequence with those in Table 2 of the Lesson 11 Student 

Handout, DNA Sequences of Growth Genes in Cattle to determine the expressed trait 

resulting from that amino acid sequence.   

o Claimed in Lesson 12. Students return to their explanation from Lesson 8. Students 

“have an opportunity to revise their initial explanations to share the new scientific 

information they gathered about how cattle have gotten bigger over time” (Teacher 

Guide, page 5). Students are directed to “explain how DNA, RNA, proteins, and traits are 

linked” (Student Guide, page 2). 

o Claimed in Lesson 23. “Individually, students will construct an explanation using what 

they have learned throughout the entire unit to answer the Performance Task Question, 

How have food animals become bigger over time? Student explanations should include: 

The genetic factors that influence growth in broiler chickens” (Teacher Guide, page 8). 

 

LS1.B Growth and Development of Organisms 

• In multicellular organisms individual cells grow and then divide via a process called mitosis, 

thereby allowing the organism to grow. The organism begins as a single cell (fertilized egg) that 

divides successively to produce many cells, with each parent cell passing identical genetic 

material (two variants of each chromosome pair) to both daughter cells. Cellular division and 

differentiation produce and maintain a complex organism, composed of systems of tissues and 

organs that work together to meet the needs of the whole organism. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit. 

o Claimed in Lesson 2. “Ask students to observe the images and make sense of what is 

shown. They can record what they see and/or notice in their Lesson 2 Student Guide 

Part 2: Observing the Module Phenomenon. Hold a whole-class discussion for students 

to share what they wrote and facilitate the conversation to agree that: ● The images are 

shown in order, suggesting a timeline of growth from fertilization to adulthood. ● 

Growth of the animal begins with one cell. ● That one cell grows and develops into 

multiple cells. ● A fetus is the result of multiple cells working together to do certain 

jobs. ● As the fetus continues to grow, the result is a baby animal which then becomes 

an adult animal” (Teacher Guide, page 3). 
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o Partially claimed in Lesson 3. Students engage with the Information Sources Handout, 

which contains information about bacterial growth, models of mitosis and stem cell 

differentiation, a video of salamander development from zygote to adult, and a reading 

about the relationship between an animal’s genome and gene expression. After 

completing a table in their Student Guide, comparing the information from these 

sources, the teacher facilitates a whole class discussion that will lead to student 

understanding that cells multiple by continuing to divide, cells differentiate into specific 

types of cells with unique functions, and cell division continues until required cells form 

to create a functional organism (Teacher Guide, page 7). 

o Partially claimed in Lesson 5. Students revisit their model of cattle growth from Lesson 2 

and revise. Students are to include a depiction of how and where growth occurs with an 

explanation of underlying reasons, what happens to cells as cattle grow, and factors on 

the genetic and cellular level that contribute to cattle growth (Student Guide, page 1). 

o Partially claimed in Lesson 6. Students revisit their model of cattle growth from Lesson 5 

and revise. Students are to include 1) how cellular division produces multiple cells and 2) 

cell differentiation (Student Guide, page 6). 

o Claimed in Lesson 7. “To answer the Driving Question, How have cattle become bigger 

over time?, develop models of historic and modern cattle that clearly demonstrate your 

new understanding after completing the module.” Students are prompted to include 

how “organisms start as a single fertilized cell then develop via cell division to result in 

multiple cells and lead to the growth of an adult organism” and to “clearly show that 

multiple cell types contain the same chromosomes and genes” (Student Guide, page 1). 

“Using the model you have just created, construct an explanation of this model to 

answer the Driving Question, How have cattle become bigger over time?” Students are 

prompted to include information such as “how multiple cell types contain the same 

chromosomes and genes” and to “link patterns in gene expression at the subcellular 

scale with cell types and observable patterns of cattle growth and differences in cattle 

organs” (Student Guide, page 2). 

 

LS3.A Inheritance of Traits 

• Each chromosome consists of a single very long DNA molecule, and each gene on the 

chromosome is a particular segment of that DNA. The instructions for forming species’ 

characteristics are carried in DNA. All cells in an organism have the same genetic content, but 

the genes used (expressed) by the cell may be regulated in different ways. Not all DNA codes for 

a protein; some segments of DNA are involved in regulatory or structural functions, and some 

have not-as-yet known function. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit. 

o Partially claimed in Lesson 4. Students map the location of specific genes on a 

chromosome map and identify the function and organ associated with each gene. Using 

this information, student “make a claim that describes the relationship between genes, 

chromosomes, and different cell types” (Student Guide, page 4). Students then revisit 
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their model of cattle growth from Lesson 5 and revise. Students are to include how cell 

differentiation occurs via gene expression in different cell types (Student Guide, Part 6, 

page 6). 

o Partially claimed in Lesson 8. However, there is no evidence that students are engaged 

with this element within this lesson. 

o Partially claimed in Lesson 9. Students investigate the structure and function of DNA 

through a list of provided resources. Students integrate the information in the sources 

and “explain how the structure of DNA contributes to its function in protein synthesis” 

(Student Handout DNA, page 3). 

o Partially claimed in Lesson 10. Students revise their initial explanations “Why do 

different cattle breeds have different traits?” to “include their ideas of how DNA, 

protein, and the Central Dogma theory help explain differences in traits” (Teacher 

Guide, page 3). 

o Partially claimed in Lesson 12. Students return to their explanation from Lesson 8.  

Students “have an opportunity to revise their initial explanations to share the new 

scientific information they gathered about how cattle have gotten bigger over time”  

(Teacher Guide, page 5). Students are directed to “explain how genetics varies among 

cattle breeds which leads to some of them being larger than others” (Student Guide, 

page 2). 

o Claimed in Lesson 13. However, no evidence was found that students are engaged with 

or use the components of this element in this lesson. 

o Claimed in Lesson 14. Students engage with a chromatin model to explain epigenetic 

mechanisms. Students “manipulate their models in real time, simulating the effects of 

methylation and acetylation. As students demonstrate how tightly or loosely the DNA is 

wrapped, guide them to explain how these changes impact the ability of the gene 

reading machinery to access and express specific genes” (Teacher Guide, page 4). 

o Claimed in Lesson 15. Students revise their model showing the effect of environmental 

factors that impact trait expression in cattle. Students are directed to include “how 

genes are turned on or off in response to environmental factors, including how 

epigenetic changes in DNA can influence the expression of genes” (Student Guide, Part 

2, page 1). 

o Claimed in Lesson 16. However, there is no evidence that students are engaged with this 

element in this lesson. None of the readings associated with this lesson make any 

mention of DNA or DNA coding. 

o Claimed in Lesson 17. “To answer the Driving Question, How have cattle become bigger 

over time? develop models of historic and modern cattle that clearly demonstrate your 

new understanding after completing the module.” Students are prompted to include 

components such as “how all cells contain chromosomes, which contain genes that can 

be turned on or off”, “the role of environmental factors at the subcellular scale and their 

impact on how the trait of size is expressed at the organism level”, and “how genes are 

turned on or off in response to environmental factors, including how epigenetic changes 

in DNA can influence the expression of genes” (Student Guide, page 1). 
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o Claimed in Lesson 23. Students construct an explanation using what they have learned 

throughout the entire unit to answer the Performance Task Question, How have food 

animals become bigger over time? Student explanations should include information 

such as the genetic and environmental factors that influence growth in broiler chickens 

and how “natural environment and humans impact the mechanisms within the system” 

(Teacher Guide, page 8). 

 

LS3.B Variation of Traits 

• Environmental factors also affect expression of traits, and hence affect the probability of 

occurrences of traits in a population. Thus, the variation and distribution of traits observed 

depends on both genetic and environmental factors. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit. 

o Partially claimed in Lesson 14. Students engage with a chromatin model to explain 

epigenetic mechanisms. Students “modify their models to represent how two different 

environmental factors could alter gene expression.” After reviewing the environmental 

conditions studies in the student handout, students “determine which environmental 

condition corresponds to which chromatin state” (Teacher Guide, page 4). 

o Partially claimed in Lesson 15. Students revise their model showing the effect of 

environmental factors that impact trait expression in cattle. Students are directed to 

include “how environmental factors can influence cattle size in different environments”  

(Student Guide, Part 2, page 1). “Look Fors” in this revision include “models showing 

how genes are expressed in cattle in different environments” (Teacher Guide, page 4). 

o Partially claimed in Lesson 16. Students summarize information from selected research 

describing epigenetic influences on the developing fetuses based upon environmental 

factors that occurred during gestation. Students use this information to identify trends 

or patterns in the effect of environmental factors on gene expression. Students use this 

summary to revise their Lesson 15 models to answer the question “In what ways do 

environmental conditions affect epigenetic inheritance?” (Student Guide, page 5)   

o Claimed in Lesson 17. “To answer the Driving Question, How have cattle become bigger 

over time?, develop models of historic and modern cattle that clearly demonstrate your 

new understanding after completing the module.” Students are prompted to include 

elements such as “the role of environmental factors at the subcellular scale and their 

impact on how the trait of size is expressed at the organism level” and “how genes are 

turned on or off in response to environmental factors, including how epigenetic changes 

in DNA can influence the expression of genes” (Student Guide, page 1). 

o Claimed in Lesson 18. Students construct an initial explanation for the question How can 

there be fewer cattle but more beef production? Their response is to include “how 

genetics play a role in trait variance for cattle populations” and “how environmental 

factors affect traits in cattle” (Student Guide, page 2). 

o Claimed in Lesson 19. Students complete a simulation of cattle breeding. Students 

record the weight of a population of cattle given the alleles present and the 
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environment in which the cattle are raised. Using these initial data, students breed a 

second generation of cattle so that each calf has a mature weight of 1,300 pounds or 

more. Students analyze gene frequency and weight distributions and compare findings 

with a group in a different environment. Students compare their data with another 

group and describe differences “about each of your group’s environments, and how did 

it affect the data you collected” (Student Guide, Part 3, page 7). Students then use the 

data to explain “how did the environment and related factors play a role in the 

probability of a trait occurring in your population?” (Student Guide, page 7) 

o Claimed in Lesson 20. Students revise their initial explanation to the module question.  

Student responses are to include “how genetics affects the distribution of populations” 

and “how environmental factors affect the distribution of traits in a population….” 

(Teacher Guide, page 3). 

o Claimed in Lesson 21. Students compare two sources describing differences in wild and 

farmed salmon. Students revise their initial explanation to the Module Question “Why 

are farmed salmon and wild salmon so different?” Students are directed to include “how 

genetics and environment play a role in trait variance” (Student Guide, page 6). 

o Claimed in Lesson 22. “Return to your explanation from Lessons 1, 7, 8, 10, 12, and/or 

17 and add in your new understanding of how cattle grow and the role of genetics in 

growth. Revise your explanation to answer the Driving Question, How have cattle 

become bigger over time?” Students are prompted to include “how environmental 

factors affect traits in a population” and how “indirectly studying genetic and 

environmental factors has helped in understanding how the trait of size has changed 

over time in the U.S. cattle population” (Student Guide, page 2). 

o Claimed in Lesson 23. Students construct an explanation using what they have learned 

throughout the entire unit to answer the Performance Task Question, How have food 

animals become bigger over time? Student explanations should include information 

such as the genetic and environmental factors that influence growth in broiler chickens 

and how “natural environment and humans impact the mechanisms within the system” 

(Teacher Guide, page 8). 

 

LS4.B Natural Selection 

• Natural selection occurs only if there is both (1) variation in the genetic information between 

organisms in a population and (2) variation in the expression of that genetic information — that 

is, trait variation — that leads to differences in performance among individuals. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit. 

o Claimed in Lesson 19. Students are presented with a population of 16 cattle with known 

allele combinations for the IGS and the leptin genes. Students “calculate the allele 

frequency of their entire group population and then the weight range of each animal” 

based upon the environment being low-feed or high-feed (Teacher Guide, page 8). 

Students use this information to complete a rancher’s problem of breeding key cows 
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and bulls over four seasons in order to have a second generation of calves with mature 

weights at least 1,300 pounds given the same environmental conditions.  

o Claimed in Lesson 20. Students revise their initial explanation to the module question. 

Student responses are to include “how genetics affects the distribution of populations” 

and “how environmental factors affect the distribution of traits in a population….” 

(Teacher Guide, page 3). 

o Claimed in Lesson 21. Students compare two sources describing differences in wild and 

farmed salmon. Students revise their initial explanation to the Module Question “Why 

are farmed salmon and wild salmon so different?” Students are directed to include “how 

genetics and environment play a role in trait variance” (Student Guide, page 6). 

o Claimed in Lesson 22. “Return to your explanation from Lessons 1, 7, 8, 10, 12, and/or 

17 and add in your new understanding of how cattle grow and the role of genetics in 

growth. Revise your explanation to answer the Driving Question, How have cattle 

become bigger over time?” Students are prompted to include how “indirectly studying 

genetic and environmental factors has helped in understanding how the trait of size has 

changed over time in the U.S. cattle population” (Student Guide, page 2). 

o Claimed in Lesson 23. Students construct an explanation using what they have learned 

throughout the entire unit to answer the Performance Task Question, How have food 

animals become bigger over time? Student explanations should include information 

such as the genetic and environmental factors that influence growth in broiler chickens 

and how “natural environment and humans impact the mechanisms within the system” 

(Teacher Guide, page 8). 

 

Crosscutting Concepts (CCCs) | Rating: Extensive 

The reviewers found extensive evidence that students have the opportunity to use or develop the CCCs 

in this unit. Students have multiple opportunities to use or develop high school-level elements to make 

sense of phenomena.   

 

Patterns 

• Different patterns may be observed at each of the scales at which a system is studied and can 

provide evidence for causality in explanations of phenomena. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit. 

o Claimed in Lesson 1. Students engage with the Lesson 1 Student Handout, Commercial 

Beef Production Graph. Students “record their explanations of the patterns of beef 

production and average cattle weights” in their Student Guide. The teacher will then 

“facilitate a whole-class discussion, allowing students to share their observations of the 

trends they see among beef production and average cattle weights since 1970. Agree 

with students that both the average size of cattle and the index of beef production have 

increased steadily since 1970 and that the patterns observed on the graph for the U.S. 

cattle population are similar to the increased growth of the individual cattle observed in 

the Cattle Images” (Teacher Guide, page 6). 
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o Claimed in Lesson 2. Students create an initial model to answer the Module Question, 

How do cattle grow? Students are introduced to model conventions, which includes “a 

description of any patterns you notice that may suggest what causes cattle to grow” 

(Teacher Guide, page 4). As students are working on their initial models, the teacher is 

prompted to circulate the room and ask questions such as “What patterns (or lack of 

patterns) do you see happening?” (Teacher Guide, page 5) However, it is not clear that 

students will use this high school-level element.  

o Claimed in Lesson 3. Students are provided with four “information Sources” handouts to 

compare and evaluate the information each provides. In their Student Guide, students 

identify patterns observed at different scales (e.g., organism, cellular, subcellular) 

(Student Guide, Part 2). 

o Claimed in Lesson 4. Students use information found on gene cards and map them on a 

chromosome map. After identifying key genes related to growth, lungs, hormones, and 

the large intestine on their chromosome map, students “consider the patterns or lack of 

patterns they notice on the gene map” (Teacher Guide, page 6) to “use evidence from 

the pattern found in the distribution of genes on chromosomes and the distribution of 

genes in different cell types” (Student Guide, Part 2, page 4).  

o Claimed in Lesson 6. Students use microarray data to “list all of the genes turned on in 

each tissue type listed in the chart below.” Students use this information to explain why 

organisms need different types of cells to grow, using identified “patterns in subcellular 

gene expression…” (Student Guide, Part 4). 

o Claimed in Lesson 7. “To answer the Driving Question, How have cattle become bigger 

over time?, develop models of historic and modern cattle that clearly demonstrate your 

new understanding after completing the module.” Students are prompted to include the 

“pattern that results when genes are turned off and on, resulting in the unique 

functions for different cell types” and to “link patterns in gene expression at the 

subcellular scale with cell types and observable patterns of cattle growth and 

differences in cattle organs” (Student Guide, page 1). 

o Unclaimed element in Lesson 19. Students engage with a model of probability 

occurrence to explore that trait of size in cattle. Students calculate allele frequency of 

their given cattle population and then determine the weight range of each animal. This 

information is plotted onto a histogram to allow for analysis of the data. Students 

complete these steps with a second generation of cattle and record in their Student 

Guide. As students are working, the teacher is instructed to “circulate the room to 

ensure that students are gathering the appropriate data…. Some prompts to press and 

probe student thinking include What pattern are you seeing in this data set? and How is 

this smaller-scale model helping us understand the population of U.S. cattle” (Teacher 

Guide, page 11). 

o Claimed in Lesson 23. Students will “integrate all of the sources to develop a model that 

shows how food animals (chickens) have become bigger over time.” Students are 

prompted to “identify and highlight patterns within the system by using annotations” 
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and include “a description of the cause-and-effect relationship…at various scales” 

(Student Guide, page 5). 

 

Cause and Effect: Mechanism and Explanation 

• Cause and effect relationships can be suggested and predicted for complex natural and human 

designed systems by examining what is known about smaller scale mechanisms within the 

system. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit. 

o Claimed in Lesson 2. Students create an initial model that answers the Module 

Question, How do cattle grow? This initial model shows students’ implicit initial 

understanding that they can know what causes cattle to grow into adults by looking at 

patterns in different scales (e.g. cellular, multicellular, macroscopic). 

o Claimed in Lesson 5. Students revisit their model of cattle growth from Lesson 2 and 

revise. Students are to “clearly illustrate cause and effect relationships between 

components” Students also “identify and highlight patterns within the system at 

subcellular and cellular levels” that “explain how factors on the genetic and cellular level 

contribute to cattle growth” (Student Guide, Part 2, page 1). 

o Unclaimed in Lesson 6. Students update their model that explains the growth of cattle 

from one cell to a calf. Students use arrows and descriptions to further explain each of 

the changes and include elements such as how cellular division produces multiple cells 

and cell differentiation produces different kinds of cells and how patterns that can be 

observed at different scales suggest cause-and-effect relationships to describe the 

various mechanisms impacting cattle growth and development (Student Guide, page 6). 

o Claimed in Lesson 7. “To answer the Driving Question, How have cattle become bigger 

over time?, develop models of historic and modern cattle that clearly demonstrate your 

new understanding after completing the module.” Students are prompted to “show the 

pattern that results when genes are turned off and on, resulting in the unique functions 

for different cell types” which “clearly illustrate cause and effect relationships between 

components of the model and cattle growth by using arrows” (Student Guide, page 2). 

o Claimed in Lesson 8. Students develop an initial explanation to answer the module 

question Why do different cattle breeds have different traits? As students construct this 

explanation, the teacher circulates and probes with questions such as “Why do you 

think some cattle have horns while others do not?” and “What role might selective 

breeding play in developing specific traits in cattle breeds?” (Teacher Guide, page 5) 

Students therefore implicitly need to use an understanding of this element.  

o Claimed in Lesson 9. Students are divided into groups to explore one of three topics: 

DNA, Proteins, or Central Dogma Theory 1 and 2. Each topic contains sources that 

students explore. On their student handout specific to their topic, students combine the 

information from the resources to explain a specific cause-and-effect mechanism “by 

examining smaller scale mechanisms to suggest cause and effect relationships in 

complex natural systems” (Student Handouts, page 3).  However, these directions are 
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not included in the Student Handout Proteins, which implies that some students may 

not be actively engaged in this element. 

o Claimed in Lesson 10. Students revise their initial explanations “Why do different cattle 

breeds have different traits?” to “include their ideas of how DNA, protein, and the 

Central Dogma theory help explain differences in traits” (Teacher Guide, page 3).  

Students are directed to “describe how variations in DNA sequences (at the subcellular 

scale) can cause different traits (at the observable scale)” (Student Guide, page 1). 

o Claimed in Lesson 11. Students construct a response on the implications of changes in 

genetic sequence and, hence, amino acid production, on the expression of a given trait.  

Teachers are instructed to look for an articulation of “the cause and effect relationship 

among gene sequence and traits” (Teacher Guide, page 5). 

o Claimed in Lesson 12. Students “have an opportunity to construct an explanation” that 

will “support the model they just created” (Teacher Guide, page 5). Students are 

directed to explain the link between DNA, RNA, proteins, and observable traits and 

“understanding small-scale genetic causes for how observable traits…vary among cattle” 

(Student Guide, page 2). 

o Claimed in Lesson 13. Students engage in the Influences on Cattle Performance 

Handout, recording their observations in their Student Guide. Students use these 

findings to create a model to answer the Module Question How do environmental 

factors affect cattle size? The models should “illustrate potential cause and effect 

relationships between environmental conditions and growth, including by suggesting a 

cellular or subcellular mechanism” (Teacher Guide, page 6). However, there is no 

evidence from the sample student responses, nor from the information in the student 

handout, that relates to cellular or subcellular mechanisms. 

o Claimed in Lesson 15. Students revise their initial model from Lesson 13 to include 

“depictions at various scales, including subcellular, cellular, and organisms level, of what 

causes cattle to have different traits in different environments” (Student Guide, Part 2, 

page 1).   

o Claimed in Lesson 16. Using information gathered from selected research describing 

epigenetic influences on the developing fetuses based upon environmental factors that 

occurred during gestation, students revise their Lesson 15 models to answer the 

question “In what ways do environmental conditions affect epigenetic inheritance?” 

(Student Guide, Part 3, page 5) 

o Claimed in Lesson 17. Students construct an explanation that supports the model they 

created within this lesson. This should include “how environmental factors, like those 

you explored throughout this module (climate, toxins, management, and feed/nutrition) 

might influence gene expression related to size in cattle” (Teacher Guide, page 6). 

o Claimed in Lesson 23. Students construct an explanation using what they have learned 

throughout the entire unit to answer the Performance Task Question, How have food 

animals become bigger over time? Student explanations should include a “description of 

the cause and effect relationships at each of the following scales: cellular level, 

organisms level, and population level” (Teacher Guide, page 8). 
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Scale, Proportion, and Quantity 

• Some systems can only be studied indirectly as they are too small, too large, too fast, or too slow 

to observe directly. 

o This is a claimed focal element in which students are expected to develop proficiency 

across the unit. 

o Claimed in Lesson 18: This CCC element is claimed in the Unit Overview and Lesson 18 

Teacher Guide. Students do not directly interact with this CCC element in Lesson 18, 

although it is called out as a pre-assessment of the CCC element. 

o Claimed in Lesson 19. Students create a model to understand how changes in cattle size 

can occur over an 80-year period. Within this model, students include components that 

will allow them to determine population at a large scale, such as the entire U.S. 

population of cattle. 

o Claimed in Lesson 20. “Create an initial explanation to answer the Module Question, 

How can there be fewer cattle but more beef production? Include in your response: ● 

How genetics play a role in trait variance for cattle populations. ● How environmental 

factors affect traits in cattle. ● How our model helped us understand how the trait of 

size has changed over time in the U.S. cattle population” (Student Guide, page 1). This 

CCC element is claimed in the Teacher Guide as the focus CCC element for the lesson.  

Student explanations cover a large time scale and large size scale, but students do not 

discuss or show understanding of how some systems can only be studied indirectly. This 

student task instead uses the 9–12 CCC Cause and Effect element: Cause and effect 

relationships can be suggested and predicted for complex natural and human designed 

systems by examining what is known about smaller scale mechanisms within the system. 

o Claimed in Lesson 21. Students compare two sources describing differences in wild and 

farmed salmon. Using the information gathered, students answer the question, “Why 

are farmed salmon and wild salmon so different?” A “Look For” identified includes “how 

these observations help us understand how the salmon population has changed over 

time even though these changes could not be observed directly” (Teacher Guide, page 

6). The student sample response includes “because we can’t directly observe the 

changes over time, these studies help us infer…” (Teacher Guide, page 7), which is the 

same language used in the CCC support information for this lesson (Teacher Guide, page 

5). However, it is unclear that students will be thinking about scale and proportion. 

o Claimed in Lesson 22. Students revise their initial explanation to the Driving Question, 

How have cattle become bigger over time? Students include in their explanation “how 

using a model to indirectly study genetic and environmental factors has helped in 

understanding how the trait of size has changed over time in the U.S. cattle population” 

(Student Guide, page 3). 
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Structure and Function 

• Investigating or designing new systems or structures requires a detailed examination of the 

properties of different materials, the structures of different components, and connections of 

components to reveal its function and/or solve a problem. 

o Partially claimed in Lesson 14. Students build and interact with a chromatin model, 

recording how the components interact with one another and resulting in gene 

expression based upon a given environmental condition. Using this information, 

students revise their Lesson 13 model to include “structures relevant in chromatin 

folding” and show “connections between chromatin folding and environmental changes”  

(Teacher Guide, page 5). Students therefore begin to build toward an implicit 

understanding of this element. 

 

Suggestions for Improvement 

 

Science and Engineering Practices 

N/A 

 

Disciplinary Core Ideas 

N/A 

 

Crosscutting Concepts 

Consider more often supporting students to develop an explicit understanding of the CCC elements such 

that they could use them again in other contexts to solve programs or explain phenomena. 

 

 
 

 

 

 

Extensive  
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found extensive evidence that student performances integrate elements of the three 

dimensions in service of figuring out phenomena or designing solutions to problems. Students are 

provided with several opportunities to use multiple dimensions together to understand and explain the 

unit and modular phenomena.   
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Some examples include: 

• Lesson 5: Students revise an initial model from Lesson 2 to include new understanding of the 

role of animal growth processes and mechanisms that result in cattle growth. 

o SEP: Develop, revise, and/or use a model based on evidence to illustrate and/or predict 

the relationships between systems or between components of the system. 

o DCI: LS1.B: In multicellular organisms individual cells grow and then divide via a process 

called mitosis, thereby allowing the organism to grow. The organism begins as a single 

cell (fertilized egg) that divides successively to produce many cells, with each parent cell 

passing identical genetic material (two variants of each chromosome pair) to both 

daughter cells. Cellular division and differentiation produce and maintain a complex 

organism, composed of systems of tissues and organs that work together to meet the 

needs of the whole organism. 

o CCC: Cause and effect relationships can be suggested and predicted for complex natural 

and human designed systems by examining what is known about smaller scale 

mechanism within the system. 

• Lesson 6: Students revise their explanation of why cattle have different types of cells in 

different organs. Students use patterns of gene expression in different cell types to explain the 

impact of cell function and, hence, different types of cells in different organs. 

o SEP: Construct and revise an explanation based on valid and reliable evidence obtained 

from a variety of sources (including students’ own investigations, models, theories, 

simulations, peer review) and the assumption that theories and laws that describe the 

natural world operate today as they did in the past and will continue to do so in the 

future. 

o DCI: LS3.A: Each chromosome consists of a single very long DNA molecule, and each 

gene on the chromosome is a particular segment of that DNA. The instructions for 

forming species’ characteristics are carried in DNA. All cells in an organism have the 

same genetic content, but the genes used (expressed) by the cell may be regulated in 

different ways. Not all DNA codes for a protein; some segments of DNA are involved in 

regulatory or structural functions, and some have no as-yet-known function. 

o CCC: Different patterns may be observed at each of the scales at which a system is 

studied and can provide evidence for causality in explanation of phenomena. 

• Lesson 8: At the end of the lesson, students ask questions they need answered in order to 

determine how the genes in smaller cattle are different from those in larger cattle. 

o SEP: Ask questions to clarify and refine a model, an explanation, or an engineering 

problem. 

o DCI: LS3.A: Each chromosome consists of a single very long DNA molecule, and each 

gene on the chromosome is a particular segment of that DNA. The instructions for 

forming species’ characteristics are carried in DNA. All cells in an organism have the 

same genetic content, but the genes used (expressed) by the cell may be regulated in 

different ways.  Not all DNA codes for a protein; some segments of DNA are involved in 

regulatory or structural functions, and some have no as-yet-known function. 
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o CCC: Cause and effect relationships can be suggested and predicted for complex natural 

and human designed systems by examining what is known about smaller scale 

mechanisms within the system. 

• Lesson 14: Students use and manipulate a model to generate data to explain the effect of 

environmental factors on the chromatin, resulting in differing expression of genes. 

o SEP: Develop and/or use a model (including mathematical and computational) to 

generate data to support explanations, predict phenomena, analyze systems, and/or 

solve problems. 

o DCI: LS3.A: Each chromosome consists of a single very long DNA molecule, and each 

gene on the chromosome is a particular segment of that DNA. The instructions for 

forming species’ characteristics are carried in DNA. All cells in an organism have the 

same genetic content, but the genes used (expressed) by the cell may be regulated in 

different ways. Not all DNA codes for a protein; some segments of DNA are involved in 

regulatory or structural functions, and some have no as-yet-known function. 

o CCC: Investigating or designing new systems or structures requires a detailed 

examination of the properties of different materials, the structures of different 

components, and connections of components to reveal its function and/or solve a 

problem. 

• Lesson 19: Students develop and run a simulation of a small-scale cattle ranch to determine the 

effect of environment and artificial selection on gene frequency. The data are extrapolated to a 

larger scale to answer the module question. 

o SEP: Develop a complex model that allows for manipulation and testing of a proposed 

process or system. 

o DCI: LS3.B: Environmental factors also affect expression of traits, and hence affect the 

probability of occurrences of traits in a population. Thus, the variation and distribution 

of traits observed depends on both genetic and environmental factors. 

o DCI: LS4.B: Natural selection occurs only if there is both (1) variation in the genetic 

information between organisms in a population and (2) variation in the expression of 

that genetic information — that is, trait variation — that leads to differences in 

performance among individuals. 

o CCC: Some systems can only be studied indirectly as they are too small, too large, too 

fast, or too slow to observe directly. 

 

Suggestions for Improvement 

N/A 
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Extensive 
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found extensive evidence that lessons fit together coherently to target a set of 

Performance Expectations (PEs). The materials are arranged in such a way as to allow students to see 

the connections in learning from one lesson to another and students are supported in building 

proficiency in the targeted learning goals. Students have opportunities to ask questions based on what 

they have learned so far in the unit and revisit their questions in subsequent lessons. 

 

Related evidence includes: 

• Each lesson begins with “Our Motivation” section in which students connect the previous 

lesson with the learning in the upcoming lesson. For example: 

o Lesson 3: “Display the Class Consensus Model from Lesson 2. Ask students to identify 

any gaps in the explanation that they need to figure out about the stages of cattle 

growth… point out questions related to stages of cattle growth from the Driving 

Question Board. Share a few selected questions that align with what students will 

investigate in the upcoming lesson… Students should record these questions in Lesson 

3, Student Guide, Part 1: Our Motivation. This will help students understand how this 

lesson connects to what they were trying to figure out about the Module 

Phenomenon” (Teacher Guide, page 2). 

o Lesson 5: “Students…review their Class Consensus Model from Lesson 2… Ask students 

if these models accurately reflect the new evidence they now have about organism 

growth… share that they will revise their models using evidence gathered from 

previous lessons” (Teacher Guide, page 2). 

o Lesson 8: “To begin the lesson and make the connection between the previous lesson 

and this one clear, return to the Driving Question Board… Ask students which of the 

question categories would be most important figure out next to make progress on our 

Driving Question, How have cattle become bigger over time?” (Teacher Guide, page 2) 
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o Lesson 10: “Ask students to individually review their explanation from Lesson 8… Ask 

students if these explanation accurately reflect the new evidence they now have about 

organism growth… Build off student responses to share that they will revise their 

explanations using evidence gathered from previous lessons. Finally point to the 

Driving Question Board. Share a few selected questions that align with what students 

will investigate in the upcoming lesson” (Teacher Guide, page 2).  

o Lesson 15: “Students review their initial models from Lesson 13, Student Guide, Part 3:  

Creating an Initial Model of Cattle Growth Under Different Environmental Conditions… 

Ask students if these models accurately reflect the new evidence they now have about 

how the environment affects genomic expression… Build off student response to share 

that they will revise their models using evidence gathered from previous lessons. 

Finally, point to the Driving Question Board. Share a few selected questions that align 

with what students will investigate in the upcoming lesson (Teacher Guide, pages 2–3). 

o Lesson 17: “Prompt students to consider where the class stands in explaining the 

Module Question, How do environmental factors affect cattle size?... Direct students’ 

attention to their Anchor Phenomenon model from Lesson 1. Ask students how they 

think what they have figured out so far will help them modify or add to their original 

model. Students can respond to this question in their Lesson 17, Student Guide, Part 1:  

Our Motivation” (Teacher Guide, page 3). 

• At the end of each module, students have the opportunity to revisit the unit Driving Question 

“How have cattle become bigger over time?”  by developing a comparison model of historic and 

modern cattle and constructing an explanation to support their model. For example: 

o Lesson 7: “To answer the Driving Question…develop models of historic and modern 

cattle that clearly demonstrate your new understanding after completing the module”  

(Student Guide, page 1). “Students will now have the opportunity to construct an 

explanation. Remind students they may use the resources from previous lessons and 

modules, including models, explanations and the Lesson 3 Student Handout Evaluating 

Evidence” (Teacher Guide, page 6). 

• At the end of many lessons, new student questions are elicited, recorded in Student Guides, 

and added to the DQB. This helps students feel as if they are the ones identifying what 

additional information they need to figure out. Lessons in which these new questions are 

elicited include: 2, 3, 4, 5, 8, 10, 13, 15, 18, and 20. Some examples include: 

o Lesson 5: “As a final step in this lesson, have students create a new list of questions 

that can help them determine what additional information they need to know to help 

them figure out how cattle grow. They can write these questions on their Lesson 5 

Student Guide Part 3: Asking New Questions. Add these questions to the ‘How do cattle 

grow?’ category of the Driving Question Board so they can continue to be referenced in 

the coming lessons” (Teacher Guide, page 9). 

o Lesson 8: “Students create a new list of questions that can help them determine what 

additional information they need to know to help them figure out how the genes in 

smaller cattle are different from larger cattle. They can write these questions on their 

Lesson 8 Student Guide Part 5: Asking New Questions. Add these questions to the ‘Why 
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do different cattle breeds have different traits?’ category of the Driving Question 

Board” (Teacher Guide, page 10). 

o Lesson 10: “Have students create a new list of questions that can help them determine 

what additional information they need to know to help them figure out why different 

cattle breeds have different traits… Add these questions to the ‘Why do different cattle 

breeds have different traits?’ category of the Driving Question Board” (Teacher Guide, 

page 8). 

o Lesson 18: “As a final step in this lesson, students will create a new list of questions 

that can help them determine additional information they need to know to figure out 

how cattle have become bigger and how beef production has increased while the 

number of cattle has decreased. They should write these questions in Lesson 18 

Student Guide Part 6: Asking New Questions. Add these questions to the ‘How have 

humans influenced changes in cattle over time?’ category of the Driving Question 

Board” (Teacher Guide, page 10). 

 

Students are supported in building proficiency in most of the targeted PEs. The Unit Guide states “we 

used the DCIs in this PE bundle as the focal DCIs in our unit. The SEPs and CCCs from these PEs are not 

necessarily those chosen as focal SEPs and CCCs for this unit” (Unit Guide, page 18). In addition, note 

that some of the DCIs chosen as focal are not part of this claimed PE bundle:   

• HS-LS1-1: Construct an explanation based on evidence for how the structure of DNA determines 

the structure of proteins, which carry out the essential functions of life through systems of 

specialized cells. 

• HS-LS1-4: Use a model to illustrate the role of cellular division (mitosis) and differentiation in 

producing and maintaining complex organisms. 

• HS-LS3-1: Ask questions to clarify relationships about the role of DNA and chromosomes in 

coding the instructions for characteristic traits passed from parents to offspring. 

• HS-LS3.3: Apply concepts of statistics and probability to explain the variation and distribution of 

expressed traits in a population.  

 

Suggestions for Improvement 

N/A 
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Adequate 
(None, Inadequate, Adequate, 
Extensive) 

 
The reviewers found adequate evidence that a single science domain (LS) is sufficient to fully address 

the anchoring phenomenon. While CCCs are used across the unit, they are not explicitly used to make 

connections across domains, to other units, or to prior learning. 

 

Related evidence includes: 

• Students engage in investigating, exploring, and explaining how cattle have increased in size 

over time. Students engage in the LS concepts of DNA structure and function, inheritance and 

variation of traits, and natural selection. These LS concepts are appropriate and fully developed, 

with no other science domain necessary to explain this phenomenon. 

• Lesson 18: In supporting the CCC Scale, Proportion and Quantity, teachers may use an example 

“such as the movement of tectonic plates and the gradual erosion of mountain ranges…in this 

lesson to discuss systems that are too large and too slow to observe directly” (Teacher Guide, 

page 7). However, this example is optional and it is the only explicit support provided to see how 

CCC elements can be used across scientific domains.  

 

Suggestions for Improvement 

 

• Consider choosing opportunities when students are engaging with CCCs to call out connections 

with other scientific domains, such as in previous units or from middle school-level learning to 

emphasize the usefulness of CCCs in all domains of science. 

 

 

 



EQuIP Report Template for Units 

 
 

 32 

 

 

 

Extensive  
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found extensive evidence that the materials provide grade-appropriate connections to 

the Common Core State Standards (CCSS) in mathematics, English language arts (ELA), history, social 

studies, or technical standards. The Teacher Guide for lessons regularly identifies and provides teacher 

support whenever students are engaged with ELA or mathematics standards throughout the unit.  

 

Related evidence includes: 

• Lesson 2: SL 9-10.1(d) Respond thoughtfully to diverse perspectives, summarize points of 

agreement and disagreement, and, when warranted, qualify or justify their own views and 

understanding and make new connections in light of the evidence and reasoning presented. 

o Students develop an initial model of cattle growth. The teacher leads a “whole-class 

discussion in which the class builds a Class Consensus Model”. The teacher is provided 

with steps to “walk students through a class consensus discussion steps…” (Teacher 

Guide, page 8). 

• Lesson 3: RST 9-10.9 Compare and contrast findings presented in a text to those from other 

sources (including their own experiments), noting when the findings support or contradict 

previous explanations or accounts. 

o Students “view information from four sources showing how organisms grow and divide” 

and then “analyze the four sources of information to learn about growth and they can 

use the evidence to help them explain how cattle grow” (Teacher Guide, page 3). 

• Lesson 10: WHST 9-10.5 Develop and strengthen writing as needed by planning, revising, 

editing, rewriting, or trying a new approach, focusing on addressing what is most significant for 

a specific purpose and audience. 

o Students revise their initial explanation from Lesson 8 to show what they have now 

figured out regarding differences in traits. As students work, the teacher is directed to 

circulate and utilize a list of pressing questions. In addition, the teacher is told to “meet 

individually with students to offer specific feedback in regard to the writing process”  

(Teacher Guide, page 7). 

• Lesson 19: ID.A.1 Represent data with plots on the real number line (dot plots, histograms, and 

box plots) 

o Students use the model they developed to calculate the mature weight of various cattle.  

Using steps provided in their Student Guide, students identify an interval weight range 
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and record the number of data points in that range. Students then “graph each 

histogram in the box below” (Student Guide, page 3). 

• Lesson 22: WHST 9-10.2(a) Introduce a topic and organize ideas, concepts, and information to 

make important connections and distinctions; include formatting (e.g., headings), graphics 

(e.g., figures, tables), and multimedia when useful to aid comprehension. 

o Students construct an explanation to support their models. Students may use any of 

the resources from previous lessons and modules to support their explanation. 

 

Suggestions for Improvement 

N/A 

 

 

 

OVERALL CATEGORY I SCORE:  
3 
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CATEGORY II  
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Adequate 
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found adequate evidence that the materials engage students in authentic and meaningful 

scenarios that reflect the real world because students experience the unit and lesson phenomena 

through pictures, video, and graphs of real-world data. However, the unit provides few suggestions for 

helping students connect instruction to their homes, neighborhoods, communities, or cultures. In 

addition, students are not provided with support to connect their questions with their own experiences. 

Students experience the phenomena as directly as possible. Related evidence includes: 

• Lesson 1: Students are introduced to the anchor phenomenon through pictures of real-life 

examples of cattle (and other animals) from different time periods and real-life data about beef 

production and cattle size. 

• Lesson 8: “Distribute the Lesson 8 Student Handout Differences in Cattle Breeds. Instruct 

students to observe the images of cattle breeds and record what they notice about the 

observable traits of the various breeds on their Lesson 8 Student Guide Part 2: Observing the 

Module Phenomenon. Invite a few students to share their responses” (Teacher Guide, page 3). 

• Lesson 18: “Display the Lesson 1 Student Handout Commercial Beef Production Graph. 

Introduce the Lesson 18 Student Handout Commercial Beef Production Graph to the class. Ask 

students what they notice is different about this new graph compared to the graph from 

Lesson 1. Ask students to record what they notice and wonder in their Lesson 18 Student Guide 

Part 2: Observing the Module Phenomenon” (Teacher Guide, page 3). 

 

Suggestions for how the learning can be connected to students’ experiences, homes, and/or cultures are 

rare. 

• Lesson 1: Students engage in images of cattle. Questions are provided to guide students in 

discussion about their knowledge and experience with cattle. “If students have not already 

incorporated this into the conversation, and depending on your location, you can enhance the 
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relevance of the discussion by asking about how cattle live and/or are used locally” (Teacher 

Guide, page 2) 

• Lesson 8: “To support students in making connections to their local community or personal 

experiences, you could ask them to think of other animals that might present different traits of 

various breeds” (Teacher Guide, page 3). 

• Additional support for helping students make these kinds of connections was not found. 

 

Suggestions for Improvement 

 

• Consider providing support to teachers for connecting the unit phenomena to students’ home 

lives and cultures. Many students may have family and life experiences and connections with 

cattle ranching, dairy farming, meat production, etc. or have cultural or even religious beliefs 

involving cattle and could bring those experiences into the classroom. 

• Consider providing support to teachers for how to handle classroom conversations if their 

students have religious or cultural objections to eating animals. 

 

 

 

 

Extensive 
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found extensive evidence that the materials provide students with opportunities to both 

share their ideas and thinking and respond to feedback on their ideas. The Teacher Guide for each 

lesson provides guidance for teachers to draw out student ideas as well as provide feedback to students 

and support students giving peer feedback. However, there is little evidence of students actively 

responding to the feedback provided. 

 

Students have multiple opportunities to express, clarify, justify, and represent their ideas. Some 

examples include: 

• Lesson 2: Students have multiple opportunities to develop and revise models for both unit and 

module phenomena, utilizing information gained during the course of various lessons. This 

strategy is repeated in Lessons 5, 6, 7, 12, 13, 15, 16, 17, and 22. 

• Lesson 6: Students have multiple opportunities to construct and revise explanations for both 

unit and module phenomena utilizing evidence obtained during the course of various lessons.  

This strategy is repeated in Lessons 7, 8, 10, 11, 12, 17, 18, 20, and 22. 
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• Lesson 6: “When students have finished creating initial explanations, use a protocol such as a 

Mingle-Pair-Share to have students share their ideas with each other. 1. Students will move 

around the classroom and find a peer who is not a part of their usual group. 2. Students will take 

turns sharing their explanations. 3. Students will then find a new peer and share their 

explanations once again” (Teacher Guide, page 4). 

• Lesson 8: In small groups, students complete an initial explanation as to why different breeds 

have different traits. Students then use “Stay and Stray Strategy,” sharing explanation with 

other groups. After all rotations have completed, “groups will discuss new ideas and decide 

whether they will integrate them into their work” (Teacher Guide, page 8). 

 

Students have structured opportunities to receive and respond to peer feedback. Students have 

opportunities to receive teacher feedback. However, guidance for how students should respond to the 

feedback students receive from peers or the teacher is often not present. Some examples include: 

• Lesson 1: “After students record an explanation, provide time for them to share it with their 

peers using a Mingle-Pair-Share Routine. 1. Students will move around the classroom and find a 

peer who is not a part of their original group. 2. Students will take turns sharing their ideas. 3. 

Students will then find a new peer and share their ideas once again. As they share, students can 

identify similarities and differences between their explanations and record them in the Lesson 1 

Student Guide Part 4: Sharing Initial Ideas. Then, hold a whole-class discussion for students to 

share similarities and differences that they found” (Teacher Guide, Page 11). Although students 

compare their ideas with those of their peers, there is no evidence that students use these 

comparisons to inform their understanding and revise their individual explanations. 

• Lesson 7: “You can now use a peer feedback protocol to have students provide feedback on 

each other’s explanations and/or models. Reference the Lesson 7 Student Handout Peer 

Feedback Form to support them in this activity. Remind students to use the Look Fors directly 

and provide evidence from their learning in the module to provide actionable feedback to one 

another. At the bottom of the Lesson 7 Teacher Resource Rubric, there is guidance for how to 

support students in using a peer feedback protocol and an activity to discuss and norm on what 

features of high-quality student work look like. Use either or both to have students reflect on 

and improve their work should you decide that additional steps are needed for your class to 

achieve proficiency. Alternatively or additionally, you can collect student work and provide 

feedback using the provided Rubric and Look Fors” (Teacher Guide, page 8). After the feedback 

session, students complete a self-assessment in which they reflect on one change or 

improvement they should make based on the class discussion and feedback: “I used feedback 

from my peers to improve my scientific explanation” (Student Handout, Self-Assessment, page 

3). 

• Teachers are provided with sample questions to assist students in thinking through their various 

artifacts. However, these questions may not provide the feedback necessary for students to 

improve upon their work. For example: 

o Lesson 10: As students are revising their initial explanation for cattle growth, the 

teacher is instructed to “circulate the groups to ask students pressing questions such as: 

What new ideas have you added to your explanation; What evidence from previous 
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lessons supports your explanation; How do transcription and translation processes help 

explain how small DNA changes can affect traits?” (Teacher Guide, page 3) 

o Lesson 19: As students design their simulation model, the teacher is directed to 

“circulate the room and ask pressing questions. Some samples include: Can you tell me 

more about what you wrote there? How have you included the elements the class 

agreed to, such as environment and genetics affecting cattle weight?” (Teacher Guide, 

page 4) 

 

Suggestions for Improvement 

 

• Consider providing more explicit instructions for students to incorporate teacher- and student-

given feedback into modifying and revising their models and explanations.  

 

 

 

 

 

Adequate 
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found adequate evidence that the materials identify and build on students’ prior learning 

in all three dimensions. Expected prior learning is clearly identified in the Unit Guide for all three 

dimensions. However, although the Lesson Guides explicitly describe how knowledge of the DCIs are 

built, the students’ trajectory of learning toward the SEP and the CCC targets is not as clear.  

 

Related evidence includes: 

• In the Unit Guide document, the focal high school-level elements for all three dimensions are 

identified along with the corresponding elements from middle school to emphasize the 

difference between middle school elements to high school elements. 

• Specific guidance for building off of students’ prior learning in middle school is given for specific 

elements of all three dimensions in both the Unit Guide and the individual lesson Teacher 

Guides. However, related descriptions for SEPs and CCCs mostly focus on what students do in 
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lessons to show proficiency in the learning targets rather than how they build toward the 

learning targets little by little throughout the unit. A few examples include: 

o “In middle school, students construct explanations based on valid and reliable evidence 

from their experiments to explain how theories and laws describing the natural world 

operate the same as they have in the past. In this unit, students build on this middle 

school understanding to construct explanations now using evidence from a variety of 

sources. For example, throughout the unit, students construct an explanation about 

how cattle have gotten bigger over time. They can draw from evidence from scientific 

data from class models, analyze data, and gain information from the scientific 

literature” (Unit Guide, page 22). 

o “In middle school, students learn that genes are located in the chromosomes of cells, 

with each chromosome pair containing two variants of each of many distinct genes. 

Each distinct gene chiefly controls the production of specific proteins, which in turn 

affects the traits of the individual. Changes (mutations) to genes can result in changes to 

proteins, which can affect the structures and functions of the organism and thereby 

change traits. In this unit, students learn that genetic variations in growth-related genes 

lead to different protein synthesis outcomes, causing some cattle to grow larger. They 

also discover how factors can affect how genes related to size are expressed in cattle, 

essentially turning them on or off and impacting the growth of individual animals” (Unit 

Guide, page 24). 

o “In middle school, students find that macroscopic patterns are related to the nature of 

microscopic and atomic-level structures. In Module 1 of this unit, students analyze the 

chart and gene expression patterns and see that genes that contribute to the function of 

a specific organ are all turned on in that organ and turned off in other organs. Also, in 

the performance task, students create an explanation using what they have learned in 

the unit to explain how genetic and environmental factors influence animal growth 

based on patterns they see at multiple scales throughout the unit” (Unit Guide, page 

25). 

o Lesson 1, SEP Support: “Students may have past experience with using evidence in 

scientific writing to support explanations of phenomena from middle school... 

Throughout the unit, students will build on this middle school understanding by writing 

and revising explanation about cattle growth over time. In this lesson, students will use 

their own previous understanding to begin to develop their scientific ideas…they will do 

other activities that will support their proficiency of this SEP”  (Teacher Guide, pages 7–

8). 

o Lesson 2, CCC Support: “In middle school, students find that macroscopic patterns are 

related to the nature of microscopic and atomic-level structures. Students use cause-

and-effect relationships to predict phenomena in natural and designed systems. This 

foundational knowledge helps them understand how changes in one part of a system 

can affect the entire system, preparing them to explore more complex patterns and 

causality”. Students “begin working with this in this lesson by creating a model that uses 

annotations to show relationships between components… In Lessons 5 and 6, students 
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will expand the model to include components outside of the images provided on the 

handout and use arrows and annotations to show the complexity of the relationships”  

(Teacher Guide, page 4). 

o Lesson 18: The support box acknowledges that students learn about artificial selection 

in middle school and references LS4.B. “In middle school, students learn about artificial 

selection… This unit leverages that knowledge and adds ideas of how the expression of 

genes in a population changes over time as artificial selection occurs…” (Teacher Guide, 

page 4). However, this specific connection is not included in the Focal Progression and 

Use Map in the Unit Guide. Additionally, it states “In Module 4, Lesson 19–22, students 

investigate how artificial selection and environmental changes in cattle-raising affect 

genetic variation. They explore how environmental factors impact genetic expression 

and trait distribution, building a bridge between middle school and high school concepts 

of LS4.B” (Teacher Guide, page 4). 

 

Suggestions for Improvement 

 

• Consider making an explicit connection between LS4.B middle school and high school learning in 

the Unit Guide. 

 

 

 

 

 

Extensive 
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found extensive evidence that the materials use scientifically accurate and grade-

appropriate scientific information. All science ideas and representations included in the lessons and 

student resources are scientifically accurate. Real-world data and scientific articles are used throughout 

the unit to support student learning. The sources used for diagrams, graphs, data, and information are 

regularly identified and reliable sources are used. 

 

Related evidence includes: 

• Lesson 1: Pictures of cattle are shown that emphasize changes in the last 100–200 years but 

pictures of historical wildlife are also shown that are much, much older than that and are 
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compared to present-day animals. This may lead students to conclude that wild animals have 

changed size dramatically in the same short time period of ~100 years. 

• Lesson 6: Students use a modified Microarray tool to determine which genes are expressed in 

which type of organ. Linked in the Student Handout is authentic microarray data for students 

to explore. 

• Lesson 9: Students are provided a set of four sources that contain grade-appropriate readings 

and videos describing DNA, proteins, and the Central Dogma Theory. 

• Lesson 11: Students use scientifically accurate simulation to model transcription and 

translation of DNA. 

• Lesson 12: “To highlight the value of revising explanations, explain to students that scientists 

often update their understanding based on new research and experiments” (Teacher Guide, 

page 5). 

 

Suggestions for Improvement 

In Lesson 1 and Lesson 23 when pictures of historical wildlife are used, consider emphasizing the time 

period in which these species lived and that they are different species from present-day animals to avoid 

creating student misconceptions.  

 

 

 

 

 

Adequate 
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found adequate evidence that the materials provide guidance for teachers to support 

differentiated instruction. There is evidence of strategies to explicitly support many different student 

needs, including for students who read below grade level and those who have a high interest or have 
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already met the PEs. However, there are few supports provided to support multilingual learners, 

learners with disabilities, or learners who are struggling to meet the targeted expectations.  

 

Some strategies are provided for those who read below grade level. However, there are few strategies 

provided to address the needs of multilingual learners and no strategies are provided for learners with 

disabilities. Some examples include: 

• Lesson 2: “For multilingual students or students who are internal processors, it’s helpful to 

allow time or opportunity for students to process information individually or by using non-

linguistic processing modes before group share-outs. Additionally, to implement a 

differentiation strategy, consider grouping students with varying abilities to allow students to 

learn from and support one another” (Teacher Guide, page 3). 

• Lesson 8: “STUDENT SUPPORT: Provide scaffolding for struggling readers by offering sentence 

starters for their observations and questions (e.g., ‘I see...’, ‘I wonder if...’). Challenge advanced 

students to go beyond basic descriptive observations and analyze the relationship between the 

images and data to begin identifying trait differences” (Teacher Guide, page 4). 

• Lesson 9: “TEACHER SUPPORT: Suggest that students use highlighters to mark important details 

or annotate their handouts with questions, reflections, or connections to their topic as they 

work through each resource. This will help them organize their thoughts and responses 

effectively. For any students who are struggling, direct them to the work of another student 

who has included highlights or annotations on their handout and encourage them to ask 

questions about the process” (Teacher Guide, page 6). 

• Lesson 21: “TEACHER SUPPORT: Pair students who may struggle with reading and interpreting 

the studies with students who may be able to help them. Encourage these students to focus on 

the video and the insights they can share with their group from the video” (page 5). 

 

The formative assessment opportunities include some strategies to address the needs of students 

struggling to meet the targeted expectations. However, some of the differentiation strategies do not 

specify the student groups they are targeting. Some examples include: 

• Lesson 8: For students who struggle with the construction of an explanation, the teacher may 

“model how to construct claims that connect evidence from data to support a specific 

conclusion” (Teacher Guide, page 7). 

• Lesson 14: To assist students in interacting with their chromatin model to identify the effect of 

environmental factors on trait expression, the teacher may “create a reference sheet or chart 

that summarizes the roles of methyl and acetyl groups” (Teacher Guide, page 6). 

• Lesson 21: Students revise their explanation to describe the differences between farmed 

salmon and wild salmon. Students who struggle may “return to the salmon data and discuss 

the patterns and trends they observe” and “why these relationships might exist” (Teacher 

Guide, page 9). 
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Extension activities for students with high interest or who have already shown mastery of the PEs are 

provided throughout the unit. For example: 

• Lesson 18: “STUDENT SUPPORT: For students who are excelling in their explanations, consider 

asking them to write their explanation as an argument. This would encourage students with 

high interest to consider the questions or objections individuals might make when reading their 

explanations” (Teacher Guide, page 5). 

• Lesson 19: “TEACHER SUPPORT: For a higher learning extension, have students complete the 

activity for a third generation of cattle. You may have them complete it in the same 

environment, have them change environments, or introduce a new breeding constraint. Again, 

have students calculate the allele frequency and create a histogram for the new population. 

Have the students copy all of their histograms on chart paper and have them do a gallery walk 

of each of the generations from each of the groups. Ask students how different conditions or 

constraints affected the population and what that might indicate about the entire U.S. 

population of cattle” (Teacher Guide, page 11). 

• Lesson 21: “For students needing a higher learning extension, encourage them to read the 

entirety of the studies. Ask them to share any insights that were not included in the summaries 

and to share them with their groups and the class” (Teacher Guide, page 5). 

 

Suggestions for Improvement 

 

• Consider providing more and more varied support specifically for students with disabilities and 

multilingual students. 

 

 

 

 

 

 

 

 

 

 

 



EQuIP Report Template for Units 

 
 

 44 

 

 

 

Extensive 
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found extensive evidence that the materials support teachers in facilitating coherent 

student learning experiences over time. Every lesson provides teachers with guidance on linking the 

lesson to prior and future learning. Tools such as the DQB and Class Consensus Explanation and Class 

Consensus Model are used regularly throughout the unit to support unit coherence. However, students 

are not supported to reflect on how their CCC learning supported their sense-making. 

 

DQB and Class Consensus Explanation and Class Consensus Model are used throughout the lessons to 

support unit coherence. For example: 

• Lesson 1: “Finally, conclude the lesson by asking students to identify existing gaps in their initial 

explanations that they still need more information to figure out. Students should write these on 

their Lesson 1 Student Guide Part 5: Asking Questions” (Teacher Guide, page 13). 

• Lesson 2: “To begin the lesson and make the connection between the previous lesson and this 

one clear, return to the Driving Question Board. Share out the different question categories that 

students created. Ask students which of the question categories would be most important to 

figure out first to make progress on our Driving Question, How have cattle become bigger over 

time? Accept and acknowledge student responses” (Teacher Guide, page 2). 

• Lesson 8: “To begin the lesson and make the connection between the previous lesson and this 

one clear, return to the Driving Question Board. Share out the different question categories that 

students created. Ask students which of the question categories would be most important to 

figure out next to make progress on our Driving Question, How have cattle become bigger over 

time? Accept and acknowledge student responses. Facilitate the conversation so students agree 

that questions about differences in genes in larger and smaller cattle are where we should go 

next” (Teacher Guide, page 2). 

• Lesson 13: “As a final step in this lesson, have students create a new list of questions that can 

help them determine what additional information they need to know to help them figure out 

the Module Question, How do environmental factors affect cattle size? They can write these 

questions on their Lesson 13 Student Guide Part 4: Asking New Questions. Add these questions 
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to the ‘How do environmental factors affect cattle size?’ category of the Driving Question Board 

so they can continue to be referenced in the coming lessons” (Teacher Guide, page 11). 

• Lesson 19: “Have students return to the Class Consensus Explanation in their Lesson 18 Student 

Guide Part 5: Creating a Class Consensus Explanation of the Number of Cattle and Beef 

Production Trends….Build off student responses to share that, to help us figure out how there 

are fewer cattle but more beef production, we will figure out how gene variation and gene 

expression in a population can change over generations. Finally, point out questions related to 

the change in the cattle population from the Driving Question Board” (Teacher Guide, page 2). 

• Lesson 20: “As a final step in this lesson, have students create a new list of questions that can 

help them determine what additional information they need to know to help them figure out 

how cattle have become bigger. They can write these questions on their Lesson 20 Student 

Guide Part 3: Asking New Questions. Add these questions to the ‘How have humans influenced 

changes in cattle over time?’ category of the Driving Question Board so they can continue to be 

referenced in the coming lessons. To facilitate students asking questions, use the Question 

Formulation Technique” (Teacher Guide, page 6). 

 

Lesson materials provide teachers with support for linking the lesson to previous lesson learning and 

future lesson learning. For example: 

• Lesson 7: “Ask students what they think they need to figure out next to help make additional 

progress on the unit Driving Question... Build off student responses that focus on questions 

about genes. Direct the class back to the Driving Question Board and point out the ‘Why do 

different cattle breeds have different traits?’ category of questions… Share that in the next 

module, students will focus on how the genes in smaller cattle are different from those in larger 

cattle” (Teacher Guide, pages 9–10). 

• Lesson 10: “Build off student responses to share that they will revise their explanations using 

evidence gathered from previous lessons. Finally, point to the Driving Question Board. Share a 

few selected questions that align with what students will investigate in the upcoming lesson” 

(Teacher Guide, page 2). 

• Lesson 13: “To begin the lesson and make the connection between the previous lesson and this 

one clear, return to the Driving Question Board. Share out the different question categories that 

students created. Ask students which of the question categories would be most important to 

figure out next to make progress on our Driving Question, How have cattle become bigger over 

time? Accept and acknowledge student responses. Facilitate the conversation so students agree 

that next, it would be helpful to figure out how factors like food and environment affect cattle 

growth” (Teacher Guide, page 3). 

 

Lesson 12: In Part 2 of this lesson, students develop a model to answer the Driving Question, How have 

cattle become bigger over time?  The SEP Support box states “For this lesson, students will include a 

model to represent their learning visually to accompany the explanations they developed in the previous 

lessons in this module” (Teacher Guide, page 4). However, in Part 3 of this lesson, students will 

construct and explanation that “will support the model they just created” (Teacher Guide, page 5).  
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These directions may cause confusion to the teacher as to the relationship between the model and 

explanation within this lesson. 

 

Students are supported to consider how their learning related to DCIs and SEPs helped them better 

explain the phenomenon. However, similar support is not provided related to CCCs.  

• Lesson 12: “The self-assessment has two parts: one for developing and using models and 

another for constructing explanations. Each part has a checklist for students to mark the items 

they completed related to the importance of engaging with the SEP to develop proficiency. 

Under the checklist, students should answer prompts to evaluate their success and areas for 

improvement in working with the SEP moving forward. The final prompt in each section asks 

students how the skills associated with the SEP can be applied to real-world problems” (Teacher 

Guide, page 7). 

• Students are encouraged to “collect each of their explanation drafts in a portfolio. This allows 

students to see how their explanation has progressed over the course of the unit” (Lesson 7 

Teacher Guide, page 8). In Lesson 22, student explanations “will be the final artifact in that 

portfolio and should be referenced by students as they complete the Performance Task in the 

next lesson” (Teacher Guide, page 6). 

 

Suggestions for Improvement 

Consider prompting students to reflect on how their CCC-related learning has helped them better 

explain the phenomena in the unit. 

 

 

 

 

 

Adequate 
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found adequate evidence that the materials support teachers in helping students engage 

in the practices as needed and gradually adjust supports over time. Teacher supports are provided to 

students when engaging with the targeted elements of Developing and Using Models and Constructing 

Explanations, and scaffolds are slightly adjusted over time for students’ use of models. However, 

scaffolds and supports are not significantly adjusted over time for students’ use of other SEPs and 

students are not expected to be more proficient or more responsible over time for using most practices 

to make sense of phenomena. 
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Related evidence includes: 

• There is evidence of supports being adjusted over time for the following SEP element: Develop, 

revise, and/or use a model based on evidence to illustrate and/or predict the relationships 

between systems or between components of a system. Students create and revise models 

throughout the unit, in many lessons. Near the beginning of the unit, more scaffolding is 

provided in the form of model conventions that are provided by the teacher and guiding 

questions used by the teacher when circulating through groups while students work on their 

models in small groups. Later in the unit, students work individually but still receive the same 

supports. At the end of the unit, students develop a model with less teacher support but with 

peer feedback. For example: 

o Lesson 2: Students observe images in the Lesson 2 Students Handout Observing the 

Module Phenomenon and record what they see and/or notice. Working in small groups, 

they “create an initial model…to answer the Module Question, How do cattle grow?” 

(Teacher Guide, page 4) The teacher introduces model conventions such as annotations, 

arrows to point out important features and connections, and descriptions of processes 

and any noticeable patterns. 

o Lesson 5: “Share with students that in their small groups, they will revise their models to 

show what they have now figured out regarding how cattle grow. Share that students’ 

models should include students’ ideas of how each of their new knowledge of animal 

growth plays a role in how cattle grow. Share with students that they should show the 

process and the mechanisms that occur to make cattle grow. Share with students that 

they can use their resources from throughout the module to help them revise these 

models. Allow students time to revise the models on their Lesson 5 Student Guide Part 

2: Revising a Model of Cattle Growth… Share that students should use the same 

conventions here when revising their models” (Teacher Guide, page 3). 

o Lesson 13: “In their Lesson 13 Student Guide Part 3: Creating an Initial Model of Cattle 

Growth Under Different Environmental Conditions, students will create a model to 

answer the Module Question, How do environmental factors affect cattle size? Review 

the Look-For checklist with students, and allow students time to create their model. As 

students work, circulate the room and ask students pressing questions such as…” 

(Teacher Guide, page 5) Here students work individually but are still reminded of the 

checklist and guided by teacher questioning while they work. 

o Lesson 17: “Ask students to recall the model conventions introduced in Lesson 2 Part 3: 

Creating an Initial Model of Cattle Growth….Briefly discuss with students how these 

model conventions might need to be changed to develop a model that supports the 

Driving Question from Lesson 1…As students work, circulate the room and ask questions 

to help press student thinking, such as: …” (Teacher Guide, page 4).  

o Lesson 23: “Individually, students will construct a model to answer the Performance 

Task Question, How have food animals become bigger over time? To begin their work, 

Distribute the Lesson 23 Student Handout Developing a Model. Students should use 

their new understanding about broiler chicken growth over time and also rely on what 

they have learned throughout the entire unit about cattle growth over time… Direct 
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students to the Look Fors on their Lesson 23 Student Handout Peer Feedback Form. 

They can use these as a checklist to help develop their model. Read the Look Fors 

together and share that students can use them as a guide on how to achieve proficiency 

on the task. You can use the Lesson 23 Teacher Resource Rubric to assess students’ 

performance on this task. Give students time to develop and complete their models in 

their Lesson 23 Student Guide Part 3: Developing a Model of What We’ve Learned” 

(Teacher Guide, pages 6–7). 

• There is evidence of supports being adjusted over time for the following SEP element: Construct 

and revise an explanation based on valid and reliable evidence obtained from a variety of 

sources (including students’ own investigations, models, theories, simulations, peer review) and 

the assumption that theories and laws that describe the natural world operate today as they did 

in the past will continue to do in the future. Students are provided scaffolding and support from 

the teacher while developing their explanations at various points during the unit, but this 

support doesn’t decrease in a logical manner over time. For example: 

o Lesson 1: “Share that students will now have an opportunity to construct an explanation 

based on the model they just created in Part 2 to explain the components of their model 

in more detail, the annotations they included, and how what they illustrated in their 

model supports the Driving Question, How have cattle become bigger over time? 

Students will complete their explanation in their Lesson 1 Student Guide Part 3: Creating 

an Initial Explanation of Cattle Growth” (Teacher Guide, page 7). 

o Lesson 6: Using the gene cards from Lesson 4, students “identify similarities in the 

functions of each of the genes that are turned on and expressed in the same tissue 

type” (Student Guide, page 4). Using “the evidence you gathered, revise your 

explanation to describe why cattle have different types of cells in different organs” 

(Student Guide, page 5). 

o Lesson 7: After developing a model to answer the Driving Question, How have cattle 

become bigger over time?, students construct an explanation to support this model. 

Students are prompted to “use evidence from multiple sources in your explanation and 

explicitly reference the resources or data incorporated into your revisions” (Student 

Guide, page 2). 

o Lesson 8: Students record observations from the Lesson 8 Student Handout Differences 

in Cattle Breeds. After completing a brainstorming routine, “have students draw on any 

of the ideas shared that they think is best to develop an initial explanation for why they 

think different cattle breeds have different traits. Remind students to reference both 

the images and the table from the handouts in developing their explanation” (Teacher 

Guide, page 5). The teacher is told that “Students are reminded to explicitly connect 

data to their explanation to ensure that their reasoning is grounded in valid scientific 

information.” The teacher may “model this process” (Teacher Guide, page 5). The 

teacher is also instructed to connect “the latter portions of this SEP” using a provided 

prompt (Teacher Guide, page 8). This component of the SEP is teacher-directed as an 

introduction of these ideas to students. However, this scaffolding is added after 

students have already been expected to use the SEP element without it. 
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o Lesson 10: “Direct students to return to their initial explanation from Lesson 8 Student 

Guide Part 3: Constructing an Initial Explanation for Cattle Growth to answer the 

Module Question, Why do different cattle breeds have different traits? Have students 

form small groups. Share with students that in their small groups, they will revise their 

explanation to show what they have now figured out regarding differences in traits. 

Share that students’ explanations should include their ideas of how DNA, protein, and 

the Central Dogma theory help explain differences in traits. Next, discuss with students 

that they can use their resources from throughout the module to help them revise these 

explanations. Allow students time to revise the explanation on their Lesson 10 Student 

Guide Part 2: Revising an Explanation About Differences in Cattle Size. As students work, 

circulate the groups to ask students pressing questions…” (Teacher Guide, page 3). The 

teacher is also told that they may “model how to revise an explanation using the 

evidence gathered in previous lessons” (Teacher Guide, page 3). However, students 

were already expected to revise explanations in Lesson 6. 

o Lesson 17: “Share that students will now have an opportunity to construct an 

explanation. The explanation will support the model they just created… Remind 

students they may use the resources from previous lessons and modules, including 

models, explanations, and the Lesson 3 Student Handout Evaluating Evidence. Students 

will complete their explanation in their Lesson 17 Student Guide Part 3: Constructing an 

Explanation… Direct students to the Look Fors in the Lesson 17 Student Handout Peer 

Feedback Form to serve as a checklist or outline to help draft their explanation. Read 

the Look Fors together, and share that students can use these Look Fors as a guide on 

how to achieve proficiency on the task. You can use the Lesson 17 Teacher Resource 

Rubric to assess students’ performance on this task” (Teacher Guide, page 6). 

o Lesson 20: Individually, students revise their initial explanations to update their answers 

to the module question.  

o Lesson 23: “Individually, students will construct an explanation using what they have 

learned throughout the entire unit to answer the Performance Task Question, How have 

food animals become bigger over time?... Use the Lesson 1 Student Handout Evaluating 

Evidence for students to evaluate the sources of scientific evidence presented in this 

lesson. Students have used this tool throughout the unit to support them when they are 

engaging in these practices. As students work to construct their explanation, highlight 

for them how reliable sources are used to support scientific claims by exploring other 

areas of the Evaluating Evidence tool. Provide time for students to think through what it 

means to assess the credibility of a source, how the author’s experience is relevant to 

the validity of a source, and determine if it is necessary for experts to agree on the 

content being presented by the source. Direct students to the Look Fors on their Lesson 

23 Student Handout Peer Feedback Form. They can use these as a checklist to help draft 

their explanation. Read the Look Fors together and share that students can use them as 

a guide on how to achieve proficiency on the task. You can use the Lesson 23 Teacher 

Resource Rubric to assess students’ performance on this task. Give students time to 
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develop and complete their explanations in their Lesson 23 Student Guide Part 3: 

Developing a Model of What We’ve Learned” (Teacher Guide, page 8). 

 

Suggestions for Improvement 

 

• Consider gradually reducing the amount of teacher-provided support for students when 

students use the targeted SEPs multiple times during the unit.  

• Consider requiring increasing responsibility on the part of the student for making sense of the 

phenomenon with the practices. 

• Consider providing specific scaffolded supports for students with diverse needs and abilities. 

 
 
 

OVERALL CATEGORY II SCORE:  
3 
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CATEGORY III  
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Extensive 
(None, Inadequate, Adequate, 
Extensive) 

 
The reviewers found extensive evidence that the materials elicit direct, observable evidence of students 

using practices with DCIs and CCCs to make sense of phenomena or design solutions to problems. 

Students often produce artifacts that require them to use more than one dimension in service of 

problem solving or sense-making.  

 

Some evidence includes: 

• Lesson 3: Students analyze four sources of information about how growth at the cellular level 

can help explain how cattle grow. Students identify patterns at these cellular levels. As they do 

so, studently likely use the following elements: 

o DCI: LS1.B Growth and Development of Organisms: In multicellular organisms 

individual cells grow and then divide via a process called mitosis, thereby allowing the 

organism to grow. The organism begins as a single cell (fertilized egg) that divides 

successively to produce many cells, with each parent cell passing identical genetic 

material (two variants of each chromosome pair) to both daughter cells. Cellular 

division and differentiation produce and maintain a complex organism, composed of 

systems of tissues and organs that work together to meet the needs of the whole 

organism. 

o SEP: Compare, Evaluate and Integrate Information: Compare, integrate and evaluate 

sources of information presented in different media or formats (e.g., visually, 

quantitatively) as well as in words in order to address a scientific question or solve a 

problem. 

o CCC: Patterns: Different patterns may be observed at each of the scales at which a 

system is studied and can provide evidence for causality in explanations of phenomena. 

• Lesson 5: Students revise their initial model from Lesson 2 to include new understanding of the 

role of animal growth processes and mechanisms that result in cattle growth. As they do so, 

they likely use the following elements and partial elements: 

o DCI: LS1.B Growth and Development of Organisms: In multicellular organisms 

individual cells grow and then divide via a process called mitosis, thereby allowing the 

organism to grow. The organism begins as a single cell (fertilized egg) that divides 

successively to produce many cells, with each parent cell passing identical genetic 

material (two variants of each chromosome pair) to both daughter cells. Cellular 

division and differentiation produce and maintain a complex organism, composed of 
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systems of tissues and organs that work together to meet the needs of the whole 

organism. 

o SEP: Developing and Using Models: Develop, revise, and/or use a model based on 

evidence to illustrate and/or predict the relationships between systems or between 

components of a system. 

o CCC: Cause and Effect: Cause and effect relationships can be suggested and predicted 

for complex natural and human designed systems by examining what is known about 

smaller scale mechanisms within the system. 

• Lesson 10: Students revise their explanation from Lesson 8. They are instructed to include how 

“variations in DNA sequences (at the subcellular scale) can cause different traits (at the 

observable scale),” how “flow of genetic information…is involved in the development of these 

traits” and include “at least two pieces of specific evidence….” (Student Guide, page 1). As 

students do this, they likely use the following elements and partial elements: 

o DCI: LS1.A Structure and Function: All cells contain genetic information in the form of 

DNA molecules. Genes are regions in the DNA that contain the instructions that code for 

the formation of proteins, which carry out most of the work of cells. 

o SEP: Constructing Explanations and Designing Solutions: Construct and revise an 

explanation based on valid and reliable evidence obtained from a variety of sources 

(including students’ own investigations, models, theories, simulations, peer review) and 

the assumption that theories and laws that describe the natural world operate today as 

they did in the past and will continue to do so in the future. 

o CCC: Cause and Effect: Cause and effect relationships can be suggested and predicted 

for complex natural and human designed systems by examining what is known about 

smaller scale mechanisms within the system. 

However, for this assessment, the teacher is told to “Have students form small groups. Share 

with students that in their small groups, they will revise their explanation to show what they 

have now figured out regarding differences in traits” (Teacher Guide, page 3). Because the 

revised explanation is composed via groups, it is unclear that teachers will be able to identify 

where individual students may need further assistance to meet expected proficiency for this 

task.  

• Lesson 16: “Students will use the evidence gathered to revise the Model of Cattle Growth Under 

Different Environmental Conditions they developed in Lesson 15 to better answer the Module 

Question…” (Teacher Guide, page 5).  Students summarize their findings about epigenetics and 

“include this in your updated model” (Student Guide, page 5). As students do this, they likely 

use the following elements and partial elements: 

o DCI: LS3.A Inheritance of Traits Each chromosome consists of a single very long DNA 

molecule, and each gene on that chromosome is a particular segment of that DNA.  The 

instructions for forming species’ characteristics are carried in DNA. All cells in an 

organism have the same genetic content, but the genes used (expressed) by the cell 

may be regulated in different ways. Not all DNA codes for a protein; some segments of 

DNA are involved in regulatory or structural functions, and some have no as-yet known 

function. 
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o DCI: LS3.B Variation of Traits Environmental factors also affect expression of traits, and 

hence affect the probability of occurrences of traits in a population. Thus the variation 

and distribution of traits observed depend on both genetic and environmental factors. 

o SEP: Developing and Using Models: Develop, revise, and/or use a model based on 

evidence to illustrate and/or predict the relationships between systems or between 

components of a system. 

o CCC: Cause and Effect: Cause and effect relationships can be suggested and predicted 

for complex natural and human designed systems by examining what is known about 

smaller scale mechanisms within the system. 

• Lesson 19: Students develop and run a simulation model of a small-scale cattle ranch to 

determine the effects of the environmental and artificial selection on gene frequency. The data 

are then extrapolated to a larger scale to answer the module question. As students do this, they 

likely use the following partial elements: 

o DCI: LS3.B Variation of Traits Environmental factors also affect expression of traits, and 

hence affect the probability of occurrences of traits in a population. Thus the variation 

and distribution of traits observed depend on both genetic and environmental factors. 

o DCI: LS4.B Natural Selection Natural selection occurs only if there is both (1) variation 

in the genetic information between organisms in a population and (2) variation in the 

expression of that genetic information — that is, trait variation — that leads to 

differences in performance among individuals. 

o SEP: Developing and Using Models Developing a complex model that allows for 

manipulation and testing of a proposed process or system. 

o CCC: Scale, Proportion and Quantity Some systems can only be studied indirectly as 

they are too small, too large, too fast, or too slow to observe directly. 

• Lesson 21: Students explore the change in size between wild-caught salmon and farm-raised 

salmon. After observing images and constructing an initial explanation to explain the 

differences, students gather evidence from scientific texts and videos. These materials describe 

the role of the environment and genetic variation on changes in population over time, with texts 

drawing on currently-accepted scientific theories. Students use this information to revise their 

explanations, using evidence from the texts. These explanations should include the role of 

genetics and the environment in trait variation and how observations help understand 

population changes over time. 

o DCI: LS3.B Variation of Traits Environmental factors also affect expression of traits, and 

hence affect the probability of occurrences of traits in a population. Thus the variation 

and distribution of traits observed depend on both genetic and environmental factors. 

o DCI: LS4.B Natural Selection Natural selection occurs only if there is both (1) variation 

in the genetic information between organisms in a population and (2) variation in the 

expression of that genetic information — that is, trait variation — that leads to 

differences in performance among individuals. 

o SEP: Constructing Explanations and Designing Solutions Construct and revise an 

explanation based on valid and reliable evidence obtained from a variety of sources 

(including students’ own investigations, models, theories, simulations, peer review) and 
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the assumption that theories and laws that describe the natural world operate today as 

they did in the past and will continue to do so in the future. 

o CCC: Scale, Proportion and Quantity Some systems can only be studied indirectly as 

they are too small, too large, too fast, or too slow to observe directly. 

• Lesson 23: Students complete the final Performance Task by taking “everything they’ve learned 

throughout the entire unit and work to create an explanation that answer the Performance Task 

Question, How have food animals become bigger over time?” (Teacher Guide, page 4) After 

exploring and summarizing information about chicken growth over time, students “develop a 

model that shows how food animals (chickens) have become bigger over time. Use data and 

information from each of the sources in your model” (Student Guide, page 5). Students then 

construct an explanation to answer the Performance Task Question (Student Guide, page 6). 

 

Suggestions for Improvement 

N/A 

 

 

 

 

Adequate 
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found adequate evidence that the materials embed formative assessment processes 

throughout that evaluate student learning and inform instruction. Formative assessment opportunities 

in every lesson are called out in the Teacher Guide along with sample student answers at Emerging, 

Developing, and Proficient levels. These opportunities identify “the student artifact that gives evidence 

of students’ current performance of the three-dimensional learning objective(s) for the lesson… In this 

box, you’ll find a description of which artifacts to assess, what to look for, sample student responses, 

and action items to take for students who may need additional support” (Unit Guide, page 12). 

However, the teacher guidance does not consistently provide support for targeted, ongoing feedback to 

individual students and the action items for additional support are often not customized to the activity 

or assessment content, thus providing little information to the teacher to inform next instructional 

steps. 

 

Related evidence includes: 

• Lesson 2: Students complete the formative assessment tasks of developing a model of cattle 

growth. As students work, the teacher is provided with additional supports to assist students in 
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meeting the expectations outlined in the scoring criteria. These include reminding students that 

any idea is acceptable at this stage, asking how they decided to show a particular idea/concept, 

and asking students to verbally explain how they think cattle grow and include in their model. 

• Lesson 4: Students map selected genes on a chromosome model and subsequently identify the 

genes with the organ they are associated with. Using this information, students complete the 

prompt in their Student Guide. “As students are engaging in discussion and answering the 

prompts, circulate the room and ask the following questions to help them expand their 

response.” Questions include: “What connections can you make between the patterns of genes 

on chromosomes in different cell types and the appearance of the different cells and organs?”  

“What evidence from the activity do you have to support your understanding?” (Teacher Guide, 

page 6)   

• Lesson 15: Students complete the formative assessment task of revising their model of cattle 

growth under different environmental conditions. The teacher is provided with additional 

supports and direction for engaging students in a peer feedback session. 

• Lesson 16: Students are provided multiple case studies to explore. Students record their 

observations from these studies in their Student Guide. As students work, the teacher is 

instructed to “circulate the room and ask questions to help elicit student thinking” (Teacher 

Guide, page 3). Some questions include: What similarities do you see in the findings between 

the case studies? What cause-and-effect relationships do you see happening? What might be 

occurring here that we can’t see? However, there are no explicit supports as to how teacher 

should use the information that they elicit.    

• Lesson 16: Formative Assessment Opportunity: Students explore the role of environment on the 

expression of traits. Students use this information to revise their model of cattle growth from 

Lesson 15: Students “include this new information about the effects of epigenetics to share with 

the class. In what ways do environmental conditions affect epigenetic inheritance? Be sure 

include this in your updated model” (Student Guide, page 5). Suggestions for additional support 

are provided (Teacher Guide, pages 6–7). 

• Lesson 19: Students create the steps of a simulation model to show how the size of a cattle 

population has changed over time. The class initially determines the features of this model. “As 

students work, circulate the room and ask pressing questions such as: Can you tell me more 

about what you wrote there? What I see you saying is… Can you say more about that? How have 

you included the elements the class agreed to, such as environment and genetics affecting cattle 

weight?” (Teacher Guide, page 4) However, there is no evidence of guidance given for teachers 

to determine next instructional steps. 

 

Suggestions for Improvement 

 

• Consider providing teacher guidance for varying support depending on student response and 

performance level.  

• Consider providing teacher guidance to attend to issues of student equity and access in 

formative assessment tasks. 
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Adequate  
(None, Inadequate, 
Adequate, Extensive) 

 
The reviewers found adequate evidence that the materials include aligned rubrics and scoring guidelines 

that help the teacher interpret student performance for all three dimensions. Scoring guidance is 

provided to interpret student progress in relation to the learning targets. However, there is no guidance 

for students in interpreting their own progress towards mastery of targeted elements beyond the focal 

SEPs.  

An assessment rubric is included for each lesson-level Formative Assessment Opportunity and each 

module-level Summative Assessment. Each assessment rubric contains information connected to each 

identified dimension being measured, sample student responses of varying levels, student response 

Look Fors, and suggestions for how to provide additional support. Some evidence includes: 

• Lesson 2: “Look Fors: ● Student models show the relationships between components of the 

system of growth of cattle from one cell to the entire adult animal (MOD-H3) ● Student models 

describe how individual cells grow and divide to successfully produce many cells that work 

together to meet the needs of the whole organism (LS1.B-H1) ● Student models show some 

representation of the patterns that can be observed at different scales and suggest cause-and-

effect relationships to describe the various mechanisms impacting cattle growth and 

development” (Teacher Guide, page 6). 

• Lesson 5: “Assessment Artifact: ● Students’ revised models of how organisms grow (Lesson 5 

Student Guide Part 2: Revising a Model of Cattle Growth). Look Fors: ● Student models show 

relationships between multiple components of the cattle growth system, including those on the 

subcellular and cellular levels (MOD-H3). ● Student models describe how individual cells grow 

and divide to successfully produce many cells that work together to meet the needs of the 

whole organism (LS1.B-H1). ● Student models show that multiple cell types are present that 

each contain the same chromosomes and genes (LS1.B-H1). ● Student models show a 

representation of the patterns that can be observed at different scales and suggest cause-and-

effect relationships to describe the various mechanisms impacting cattle growth and 

development (CE-H2)” (Teacher Guide, page 4).  

• Lesson 10: “Assessment Artifact: ● Students’ revised explanation of why different breeds of 

cattle have different traits (Lesson 10 Student Guide Part 2: Revising an Explanation About 

Differences in Cattle Size). Look Fors: ● Students use multiple pieces of valid and reliable 

evidence obtained from a variety of sources (CEDS-H2). ● Students describe that genes are 
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regions in the DNA that contain the instructions that code for the formation of proteins, which 

carry out most of the work of cells (LS1.A-H2). ● Students identify the DNA differences between 

smaller and larger cattle (LS1.A-H2). ● Students describe cause and effect relationships for the 

differences in cattle breeds by examining what is known about small scale mechanisms within 

the system, such as changes in DNA causing changes in proteins and, ultimately, traits (CE-H2)” 

(Teacher Guide, page 4).  

• Lesson 16: Formative Assessment Opportunity: Students explore the role of environment on the 

expression of traits. Students use this information to revise their model of cattle growth from 

Lesson 15. A list of what to look for is provided and connected to specific elements (Teacher 

Guide, pages 6–7). 

• Lesson 19: Students create the steps of a simulation model to show how the size of a cattle 

population has changed over time. The class initially determines the features of this model 

(Teacher Guide, page 4). However, there is no evidence of guidance given for teachers about 

how to interpret possible student responses. 

 

Students are supported to monitor their own progress in the focal SEP elements. For example: 

• In many lessons where students are developing/revising models and explanations, students are 

provided with “Look Fors” for them to self-assess their work as well as a reflection activity to 

reflect on what they learned about the practice. 

• “At the end of each Evaluate lesson in each module, students are provided with an opportunity 

to self-evaluate their progress in working with one or more of the focal SEP elements for the 

modules… Additionally, students are provided with Look Fors on each Summative Assessment 

task that they can use to self-assess the artifact they produced on the assessment task” (Unit 

Guide, page 17). 

 

Suggestions for Improvement 

 

• Consider providing opportunities for students to reflect on and monitor their own progress 

beyond the identified focal SEP elements. 
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Extensive  
(None, Inadequate, Adequate, 
Extensive) 

 

The reviewers found extensive evidence that the materials assess student proficiency using accessible 

and unbiased methods, vocabulary, representations, and examples. 

 

Related evidence includes: 

• Throughout the unit, tasks involving text are accompanied by diagrams, pictures, charts and 

graphs, and videos. 

• Representations and scenarios used in assessment tasks are fair and unbiased and provide the 

necessary on-ramping needed for students to engage with the task. 

• Assessment tasks involve multiple modalities as students use both visual models and written 

explanations to make sense of phenomena throughout the unit. However, student choice in 

modality is not present in the unit. 

• Lesson 4: After mapping genes on a chromosome map, student “circle the genes on the map 

with the appropriate color below” (Teacher Guide, page 5). Note that the colors provided may 

provide a bias for students who have difficulty distinguishing colors.   

 

Suggestions for Improvement 

 

• Consider providing opportunities for students to choose the modality in which they show 

proficiency in the PEs. For example, when constructing explanations, the student could choose 

whether they wanted to do a written explanation, oral explanation, video explanation, or draw 

a cartoon explaining the phenomenon. 
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Extensive  
(None, Inadequate, Adequate, 
Extensive) 

 
The reviewers found extensive evidence that the materials include pre-, formative, summative, and self-

assessment measures that assess three-dimensional learning. Assessment opportunities that match the 

learning goals in all three dimensions are provided in every lesson.  

 

The teacher materials include an Assessment System Overview, which provides information on the 

various assessment types and opportunities embedded within the individual lessons (Unit Guide, pages 

14–17). Multiple examples of each type of assessment occur throughout the unit. Evidence of at least 

one example of each type is provided below.  

 

Pre-Assessment 

• Lesson 1: “Share that students will now have an opportunity to construct an explanation based 

on the model they just created in Part 2 to explain the components of their model in more 

detail, the annotations they included, and how what they illustrated in their model supports 

the Driving Question, How have cattle become bigger over time? Students will complete their 

explanation in their Lesson 1 Student Guide Part 3: Creating an Initial Explanation of Cattle 

Growth” (Teacher Guide, page 7). This initial explanation by students is used as a pre-

assessment of their current understanding of the role of genetic and environmental factors in 

patterns and trends related to cattle size. It also assists in gauging student use of evidence, 

Cattle Images and Commercial Beef Graph, in supporting a claim. 

• Lesson 2: Students develop an initial model that shows the system of cattle growth from a 

single cell to an adult. The model is expected to incorporate elements of causality, allowing the 

teacher to determine student understanding of the identified CCC. 

 

Formative 

• See evidence under Criterion III.B 

 

Summative 

• Lesson 7: Students complete two tasks. “To answer the Driving Question, How have cattle 

become bigger over time? develop models of historic and modern cattle that clearly 

demonstrate your new understanding after completing the module” (Student Guide, page 1).  
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This task is completed in small groups (Teacher Guide, page 4) “Using the model you have just 

created, construct an explanation of this mode to answer the Driving Question…” (Student 

Guide, page 2). 

• Lesson 17: Students complete two tasks. “To answer the Driving Question, How have cattle 

become bigger over time?, develop models of historic and modern cattle that clearly 

demonstrate your new understanding after completing the module” (Student Guide, page 1).  

This task is completed in small groups (Teacher Guide, page 4) “Using the model you have just 

created, construct an explanation of this mode to answer the Driving Question… You may 

include information from your explanation from Lesson 7 or 12 and add In your new 

understanding of how cattle grow and the role of genetics in growth” (Student Guide, page 3). 

• Lesson 23: Students complete the final Performance Task by taking “everything they’ve learned 

throughout the entire unit and work to create an explanation that answer the Performance 

Task Question, How have food animals become bigger over time?” (Teacher Guide, page 4) 

After exploring and summarizing information about chicken growth over time, students 

“develop a model that shows how food animals (chickens) have become bigger over time. Use 

data and information from each of the sources in your model” (Student Guide, page 5). 

Students then construct an explanation to answer the Performance Task Question (Student 

Guide, page 6). 

 

Self-Assessment 

• In many lessons where students are developing/revising models and explanations, students are 

provided with “Look Fors” for them to self-assess their work as well as a reflection activity to 

reflect on what they learned about the practice. 

• “At the end of each Evaluate lesson in each module, students are provided with an opportunity 

to self-evaluate their progress in working with one or more of the focal SEP elements for the 

modules….Additionally, students are provided with Look Fors on each Summative Assessment 

task that they can use to self-assess the artifact they produced on the assessment task” (Unit 

Guide, page 17). 

• Lesson 12: “Distribute the Lesson 12 Student Handout Student Self-Assessment and ask students 

to reflect on their learning experiences in this module. The self-assessment has two parts: one 

for developing and using models and another for constructing explanations. Each part has a 

checklist for students to mark the items they completed related to the importance of engaging 

with the SEP to develop proficiency. Under the checklist, students should answer prompts to 

evaluate their success and areas for improvement in working with the SEP moving forward. The 

final prompt in each section asks students how the skills associated with the SEP can be applied 

to real-world problems” (Teacher Guide, page 7). 

 

Suggestions for Improvement 

N/A 

 



EQuIP Report Template for Units 

 
 

 62 

 

 

 

Adequate 
(None, Inadequate, Adequate, 
Extensive) 

 
The reviewers found adequate evidence that the materials provide multiple opportunities for students 

to demonstrate performance of practices connected with their understanding of DCIs and CCCs. 

Students have many iterative opportunities to demonstrate their learning in the SEPs, CCCs, and DCIs.  

However, there are few opportunities for students to receive or use peer feedback. In addition, there 

are no explicit instructions or guidance for students to use teacher feedback to improve on their 

performance. 

 

Related evidence includes: 

• Students have opportunities to use the focal SEP elements several times over the course of the 

unit, allowing them to demonstrate growth. For example: 

o Construct and revise an explanation based on valid and reliable evidence obtained from 

a variety of sources (including students’ own investigations, models, theories, 

simulations, peer review) and the assumption that theories and laws that describe the 

natural world operate today as they did in the past and will continue to do so in the 

future. 

▪ Lesson 2: Students engage with the anchor phenomenon and develop the 

driving question, How have cattle become bigger over time? Students develop 

an initial explanation to answer this question, supporting the model they 

develop at the same time. In subsequent lessons, students collect data, engage 

with text to determine reliability to answer the driving question. 

o Compare, integrate and evaluate sources of information presented in different media or 

formats (e.g. visually, quantitatively), as well as in words in order to address a scientific 

question or solve a problem. 

▪ Lesson 3: Students are provided four sources of information about growth.  

Students complete a table to compare these sources. Students are introduced 

to a tool to assist in the evaluation of sources of scientific evidence, which they 

use throughout this unit.   

• Students have opportunities to use some DCI elements several times iteratively during the unit.  

For example: 

o Students have multiple opportunities to engage with the claimed LS1.A element. 
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▪ Module 2, Lessons 9–12, focus on the genetics of trait expression. Students 

explore the role of DNA in gene sequencing and protein development via 

transcription and translation. 

o Students have multiple opportunities to engage with the claimed LS3.B element. 

▪ In Modules 3 and 4, Lessons 14–21, students explore the role of epigenetic 

mechanisms on gene expression. Using this information, along with selected 

research describing these influences, students simulate cattle breeding to 

account for the effect of environment on genetic expression. 

• Students have multiple opportunities to use a CCC element from Cause and Effect. 

o Lesson 8: Students develop an initial explanation to answer the module question 

Why do different cattle breeds have different traits? As students construct this 

explanation, the teacher circulates and probes with questions such as “Why do you 

think some cattle have horns while others do not?” and “What role might selective 

breeding play in developing specific traits in cattle breeds?” (Teacher Guide, page 5) 

o Lesson 11: Students construct a response on the implications of changes in genetic 

sequence and, hence, amino acid production, on the expression of given trait.  

Teachers are instructed to look for an articulation of “the cause and effect 

relationship among gene sequence and traits” (Teacher Guide, page 5). 

o Lesson 16: Using information gathered from selected research describing epigenetic 

influences on the developing fetuses based upon environmental factors that 

occurred during gestation, students revise their Lesson 15 models to answer the 

question “In what ways do environmental conditions affect epigenetic inheritance?” 

(Student Guide, Part 3, page 5) 

• Students have opportunities to share work with peers but have few opportunities to apply 

feedback from their peers to improve their performance. In addition, there is no evidence that 

students are prompted to apply teacher feedback for the purpose of improving their 

performance, and most feedback guidance in the unit is likely to be seen as optional. Therefore, 

it is less likely that all students will receive feedback on their performance of the focal learning 

goals of the unit such that they can apply the feedback later in the unit.  

o Lesson 6: “Engage students in a peer feedback session. Provide students with the Look 

Fors, and use a protocol such as Tell-Ask-Give or norms such as SPARK. Students can 

use the Look Fors to provide feedback to each other on how they can improve selected 

Look Fors in their work” (Teacher Guide, page 10). This opportunity to receive peer 

feedback to improve models could be used to improve future model revisions in 

upcoming lessons. However, this activity is described in the Teacher Guide as a 

suggestion to provide additional support for students rather than as a key part of the 

lesson. 

o Lesson 7: “In their explanations, students will organize ideas, concepts, and information 

in the way that they think best supports their claims. To support students, consider 

meeting with students individually to provide feedback on their writing” (Teacher 

Guide, page 7). This suggestion for feedback support is provided in numerous lessons 
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after students revise models or explanations. However, this opportunity for feedback is 

provided as an optional additional support rather than a key part of the lesson. 

o Lesson 8: In small groups, students construct an initial explanation to describe why 

different cattle breeds have different traits. Students share their explanations with 

peers, recording “parts of the explanation you agree on with peers and parts you 

disagree on” (Student Guide, page 2). After a class discussion, “students return to their 

groups and revisit their initial explanations… Then, have them discuss any areas where 

there are disagreements or uncertainties” (Teacher Guide, page 9). However, there are 

no explicit supports for students to use these differences to revise their explanations. 

 

Suggestions for Improvement 

 

• Consider providing explicit instruction in the standard flow of instruction for students to use 

peer and teacher feedback to improve performance. 

 

 

 

 

OVERALL CATEGORY III SCORE:  
3  

(0, 1, 2, 3) 
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SCORING GUIDES 
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