[bookmark: _Toc12526398][bookmark: _Toc12876120][bookmark: _Toc12460515][bookmark: _Toc12469432]Engineering and Technology Science—Grade Eight
Item Specifications
Prepared for the California Department of Education by Educational Testing Service
[image: ]
Presented June 28, 2019
 [image: ]


ii
Table of Contents
MS-ETS1-1 Engineering Design	1
MS-ETS1-2 Engineering Design	5
MS-ETS1-3 Engineering Design	9
MS-ETS1-4 Engineering Design	13

[bookmark: _Toc12876121]MS-ETS1-1 Engineering Design
Students who demonstrate understanding can: 
Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Asking Questions and Defining Problems
Asking questions and defining problems in grades 6–8 builds on grades K–5 experiences and progresses to specifying relationships between variables, and clarifying arguments and models.
Define a design problem that can be solved through the development of an object, tool, process or system and includes multiple criteria and constraints, including scientific knowledge that may limit possible solutions.
	ETS1.A: Defining and Delimiting Engineering Problems
The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the designed solution will be successful. Specification of constraints includes consideration of scientific principles and other relevant knowledge that are likely to limit possible solutions.
	Influence of Science, Engineering, and Technology on Society and the Natural World
All human activity draws on natural resources and has both short and long-term consequences, positive as well as negative, for the health of people and the natural environment.
The uses of technologies and limitations on their use are driven by individual or societal needs, desires, and values; by the findings of scientific research; and by differences in such factors as climate, natural resources, and economic conditions.


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
1E.2	Ability to define a design problem
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
1E.2.1	Ability to define a design problem that would lead to the development or improvement of an object or tool based on an understanding of science concepts and usability considerations
Disciplinary Core Idea Assessment Targets
	ETS1.A.5a	Describe a problem that is solvable by developing a tool, object, process, or system
	ETS1.A.5b	Identify features of the system that bound the problem such as: 
The relevant stakeholders
The needs that are to be met by the solution
Issues are related to the problem
The environmental and societal impacts of the solution
How stakeholders rate the relative importance of the different issues and components of the system
	ETS1.A.5c	Identify the major components, including their relationships within the system, and the system boundaries in order to clarify the definition of the problem
	ETS1.A.5d	Define criteria for the solution, including meeting the needs of the individuals that need the problem solved and comparisons of different solutions (qualitative and/or quantitative)
	ETS1.A.5e	Define constraints for the solution, including safety, other related issues, needs of individuals and/or groups, desires of individuals and/or groups, potential effects on individuals and/or groups, potential negative environmental effects of the solution, potential failure to solve the problem, and/or the time, materials, and cost for solving the problem
Crosscutting Concept Assessment Target(s)
Not applicable.
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a scenario that provides the basis for a design problem:
Generates a problem definition or selects the best problem definition from among a list of alternatives (1E.2.1 and ETS1.A.5)
Task provides a problem statement that is incomplete or insufficiently defined:
Selects phrase(s) from a list of both relevant and irrelevant/inappropriate phrases to complete or better define the problem (1E.2.1 and ETS1.A.5)
Task provides a scenario that provides the basis for a design problem and states the design problem:
Suggests an improvement that could be made to the stated design problem including (but not limited to) adding criteria, adding constraints, or adding considerations for testing the solution (1E.2.1 and ETS1.A.5)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Pollution (air or water) 
Water conservation
Oil spills
Air quality
Endangered species
Bioengineering scenarios, including artificial limbs
Sustainable design, including green buildings and hazard-resistant structures
Common Misconceptions
Note that the list in this section is not exhaustive.
A problem only has one true solution.
Some problems cannot be solved.
A solution can be perfect, with no limitations or drawbacks.
Everyone will benefit from the best solution.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-ETS1-1 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-ETS1-1 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Engaging in Argument from Evidence
Engaging in argument from evidence in 6–8 builds on K–5 experiences and progresses to constructing a convincing argument that supports or refutes claims for either explanations or solutions about the natural and designed world.
Evaluate competing design solutions based on jointly developed and agreed-upon design criteria.
	ETS1.B: Developing Possible Solutions
There are systematic processes for evaluating solutions with respect to how well they meet the criteria and constraints of a problem.
	N/A


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
6E.2	Ability to evaluate and/or refine solutions to design problems
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
6E.2.1	Ability to compare or critique competing design solutions based on design criteria
Disciplinary Core Idea Assessment Targets
	ETS1.B.7a	Describe a given design solution, including identifying the scientific knowledge related to the problem and solution, identifying how the solution solves the problem, and identifying the given supported design solution
	ETS1.B.7b	Identify and describe the additional evidence needed for evaluation of a solution by comparing the problem context to similar problems that were solved in the past 
	ETS1.B.7c	Identify and describe the additional evidence needed for evaluation of a solution in light of possible impacts on society and the environment
	ETS1.B.7d	Define and describe the criteria and constraints for evaluating the design solution collaboratively with other students
	ETS1.B.7e	Use a systematic method to identify the strengths and weaknesses of each solution
	ETS1.B.7f	Evaluate each solution against each set of criteria and constraints
	ETS1.B.7g	Compare solutions based on their performance
	ETS1.B.7h	Construct an argument by making a claim supported by evidence and reasoning about the relative effectiveness of each competing solution and include the strengths and weaknesses of each solution
Crosscutting Concept Assessment Target(s)
Not applicable.
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a description of a design problem with specified criteria and constraints and multiple possible design solutions:
Matches each of several designs with a list of the prioritized criteria and constraints or tradeoffs represented, or student provides or selects an explanation of the impact of criteria and constraints on given designs (6E.2.1 and ETS1.B.7) 
Constructs an argument by making a claim supported by evidence and reasoning about the relative effectiveness of each competing solution and includes the strengths and weaknesses of each solution (6E.2.1 and ETS1.B.7)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Pollution (air or water) 
Water conservation
Oil spills
Air quality
Endangered species
Bioengineering
Sustainable design, including green buildings and hazard resilient buildings/structures
Common Misconceptions
Note that the list in this section is not exhaustive.
A problem only has one true solution.
A problem cannot be solved.
A solution can be perfect, with no limitations or drawbacks.
Everyone will benefit from one solution.
Solutions do not have to meet criteria.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-ETS1-2 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-ETS1-2 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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Students who demonstrate understanding can: 
Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Analyzing and Interpreting Data
Analyzing data in 6–8 builds on K–5 experiences and progresses to extending quantitative analysis to investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error analysis.
Analyze and interpret data to determine similarities and differences in findings.
	ETS1.B: Developing Possible Solutions
7. There are systematic processes for evaluating solutions with respect to how well they meet the criteria and constraints of a problem.
8. Sometimes parts of different solutions can be combined to create a solution that is better than any of its predecessors.
ETS1.C: Optimizing the Design Solution
3. Although one design may not perform the best across all tests, identifying the characteristics of the design that performed the best in each test can provide useful information for the redesign process—that is, some of those characteristics may be incorporated into the new design.
	N/A


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
4.2	Ability to analyze data to identify relationships
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
4.2.1	Ability to use observational and/or empirical data to describe patterns and relationships
4.2.4	Ability to consider limitations of data analysis
Disciplinary Core Idea Assessment Targets
	ETS1.B.7a	Evaluate the effectiveness of three or more potential design solutions to an engineering problem based on provided data
ETS1.B.7b	Identify appropriate analysis techniques to analyze data based on the problem definition
	ETS1.B.7c	Identify relationships in data sets between design solutions and given criteria and constraints
ETS1.B.8a	Identify similarities and differences in various features of multiple potential (or pre-existing) design solutions.
ETS1.B.8b	Identify unique characteristics of each design that best meet the given criteria and constraints on the basis of analyzed data
ETS1.C.3a	Compile the best features of each design into a new and improved redesigned solution based on analyzed data and fundamental physical principles
Crosscutting Concept Assessment Target(s)
Not Applicable
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a scenario and data sets of multiple design solutions:
Identifies relationships in the data sets, including relationships between design solutions and given criteria and constraints (4.2.1 and ETS1.C.3)
Presents a new and improved redesigned solution when given analyzed data by comparing features of each design (4.2.1 and ETS1.C.3)
Identifies limitations in the data sets that prevent direct comparison of the effectiveness of one design solution against another (4.2.4 and ETS1.B.7)
Environmental Principles and Concepts
EP5:  Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Pollution (air or water)
Water conservation
Oil spills
Air quality
Endangered species
Bioengineering scenarios
Sustainable design, including green buildings and hazard resilient buildings/structures
Common Misconceptions
Note that the list in this section is not exhaustive.
A problem only has one true solution.
A problem cannot be solved.
A solution can be perfect, with no limitations or drawbacks.
Everyone will benefit from the best solution.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-ETS1-3 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-ETS1-3 Evidence Statements June 2015 asterisks.pdf
Environmental Principles and Concepts http://californiaeei.org/abouteei/epc/
California Education and the Environment Initiative http://californiaeei.org/
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
Appendix 2: Connections to Environmental Principles and Concepts https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix2.pdf
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Students who demonstrate understanding can: 
Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design can be achieved.
	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models
Modeling in 6–8 builds on K–5 experiences and progresses to developing, using, and revising models to describe, test, and predict more abstract phenomena and design systems.
Develop a model to generate data to test ideas about designed systems, including those representing inputs and outputs.
	ETS1.B: Developing Possible Solutions
A solution needs to be tested, and then modified on the basis of the test results, in order to improve it.
9. Models of all kinds are important for testing solutions.
[bookmark: _GoBack]ETS1.C: Optimizing the Design Solution
4. The iterative process of testing the most promising solutions and modifying what is proposed on the basis of the test results leads to greater refinement and ultimately to an optimal solution.
	N/A


Assessment Targets
Assessment targets describe the focal knowledge, skills, and abilities for a given three-dimensional Performance Expectation. Please refer to the Introduction for a complete description of assessment targets.
Science and Engineering Subpractice(s)
Please refer to appendix A for a complete list of Science and Engineering Practices (SEP) subpractices. Note that the list in this section is not exhaustive.
2.1 	Ability to develop models
Science and Engineering Subpractice Assessment Targets
Please refer to appendix A for a complete list of SEP subpractice assessment targets. Note that the list in this section is not exhaustive.
2.1.1	Ability to determine the components as well as relationships among multiple components, to include or omit, of a scientific event, system, or design solution
2.1.2	Ability to determine scope, scale, and grain-size of the model, as appropriate to its intended use
2.1.3	Ability to represent mechanisms, relationships, and connections to illustrate, explain or predict a scientific event
Disciplinary Core Idea Assessment Targets
	ETS1.B.6a	Identify the components relevant to testing ideas about the problem being solved including criteria and constraints
ETS1.B.6b	Test a proposed solution
	ETS1.B.6c	Modify a solution based on test results
ETS1.B.9a	Develop a model and identify the components relevant to testing ideas about the designed system
ETS1.C.4a	Use a model to generate data to represent the functioning of a proposed solution
ETS1.C.4b	Consider iterations of a proposed solution as components of the model are modified
ETS1.C.4c	Describe how data generated by the model can be used to optimize the solution through iterative modification and testing
Crosscutting Concept Assessment Target(s)
Not applicable
Examples of Integration of Assessment Targets and Evidence
Note that the list in this section is not exhaustive.
Task provides a description of a proposed object, tool, or process:
Selects or adds components, labels those components, and represents/describes relationships and behaviors between the components to illustrate, explain, or predict a scientific phenomenon/event (2.1.1 and ETS1.B.6)
Task provides a general model that can be applied to a large range of scales:
Determines the appropriate scale for the model based on the problem to be solved (2.1.2 and ETS1.C.4)
Task provides an incomplete model designed to test a proposed object, tool, or process:
Proposes correct completions to the model to illustrate, explain, or predict a scientific event, system, or design solution (2.1.3 and ETS1.B.9)
Possible Phenomena or Contexts
Note that the list in this section is not exhaustive.
Pollution
Resource conservation
Air and water quality
Environmental accidents
Endangered species
Habitat and/or biodiversity loss due to development
Bioengineering scenarios
Sustainable design
Hazard-resistant design
Common Misconceptions
None listed at this time.
Additional Assessment Boundaries
None listed at this time.
Additional References
MS-ETS1-4 Evidence Statement https://www.nextgenscience.org/sites/default/files/evidence_statement/black_white/MS-ETS1-4 Evidence Statements June 2015 asterisks.pdf
The 2016 Science Framework for California Public Schools Kindergarten through Grade 12
Appendix 1: Progression of the Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts in Kindergarten through Grade 12 https://www.cde.ca.gov/ci/sc/cf/documents/scifwappendix1.pdf
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