
 

Standards Alignment  

Introduction to Remotely Operated Vehicles 
 

Next Generation Science Standards - Three Dimensional Learning: 

The Next Generation Science Standards (NGSS) are K–12 science 

content standards that set the expectations for what students should 

know and be able to do. The NGSS were developed by states to 

improve science education for all students. 

 

Engineering Design 

Students who demonstrate understanding can: 

 

HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative 

criteria and constraints for solutions that account for societal needs and wants. 

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into 

smaller, more manageable problems that can be solved through engineering. 

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized 

criteria and trade-offs 

HS-ETS1-4. Use a computer simulation to model the impact of proposed solutions to a 

complex real-world problem with numerous criteria and constraints on interactions within 

and between systems relevant to the problem. 

 



Science and Engineering Practices 

 

Asking Questions and Defining Problems 

Asking questions and defining problems in 9–12 builds on K–8 experiences and 

progresses to formulating, refining, and evaluating empirically testable questions and 

design problems using models and simulations. 

● Analyze complex real-world problems by specifying criteria and constraints for 

successful solutions. (HS-ETS1-1) 

 

Using Mathematics and Computational Thinking 

Mathematical and computational thinking in 9-12 builds on K-8 experiences and 

progresses to using algebraic thinking and analysis, a range of linear and nonlinear 

functions including trigonometric functions, exponentials and logarithms, and 

computational tools for statistical analysis to analyze, represent, and model data. Simple 

computational simulations are created and used based on mathematical models of basic 

assumptions.  

● Use mathematical models and/or computer simulations to predict the effects of a 

design solution on systems and/or the interactions between systems. (HS-ETS1-4) 

 

Constructing Explanations and Designing Solutions 

Constructing explanations and designing solutions in 9–12 builds on K–8 experiences 

and progresses to explanations and designs that are supported by multiple and 

independent student-generated sources of evidence consistent with scientific ideas, 

principles and theories. 

 

● Design a solution to a complex real-world problem, based on scientific 

knowledge, student-generated sources of evidence, prioritized criteria, and 

tradeoff considerations. (HS-ETS1-2) 

● Evaluate a solution to a complex real-world problem, based on scientific 

knowledge, student-generated sources of evidence, prioritized criteria, and 

tradeoff considerations. (HS-ETS1-3) 

 

Disciplinary Core Ideas 

 

HS-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 
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of scientific principles and other relevant knowledge that are likely to limit possible 

solutions. (HS-ETS1-1)  

● Criteria and constraints also include satisfying any requirements set by society, 

such as taking issues of risk mitigation into account, and they should be quantified 

to the extent possible and stated in such a way that one can tell if a given design 

meets them. (HS-ETS1-1) 

● Humanity faces major global challenges today, such as the need for supplies of 

clean water and food or for energy sources that minimize pollution, which can be 

addressed through engineering. These global challenges also may have 

manifestations in local communities. (HS-ETS1-1) 

 

HS-ETS1.B: Developing Possible Solutions -  

● When evaluating solutions, it is important to take into account a range of 

constraints, including cost, safety, reliability, and aesthetics, and to consider social, 

cultural, and environmental impacts. (HS-ETS1-3) 

● Both physical models and computers can be used in various ways to aid in the 

engineering design process. Computers are useful for a variety of purposes, such 

as running simulations to test different ways of solving a problem or to see which 

one is most efficient or economical; and in making a persuasive presentation to a 

client about how a given design will meet his or her needs. (HS-ETS1-4) 

 

ETS1.C: Optimizing the Design Solution -  

● Criteria may need to be broken down into simpler ones that can be approached 

systematically, and decisions about the priority of certain criteria over others 

(trade-offs) may be needed. (HS-ETS1-2) 

 

Crosscutting Concepts 

 

Systems and System Models 

● Models (e.g., physical, mathematical, computer models) can be used to simulate 

systems and interactions—including energy, matter, and information flows— within 

and between systems at different scales. (HS-ETS1-4) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - 
Connections to Engineering, Technology, and Applications of Science 

 

Influence of Science, Engineering, and Technology on Society and the Natural World 
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● New technologies can have deep impacts on society and the environment, 

including some that were not anticipated. Analysis of costs and benefits is a 

critical aspect of decisions about technology. (HS-ETS1-1) (HS-ETS1-3) 

 

Energy 

Students who demonstrate understanding can: 

 

HS-PS3-3. Design, build, and refine a device that works within given constraints to convert 

one form of energy into another form of energy. 

 

Science and Engineering Practices 

 

Constructing Explanations and Designing Solutions 
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences 
and progresses to explanations and designs that are supported by multiple and 
independent student-generated sources of evidence consistent with scientific ideas, 
principles, and theories 

● Design, evaluate, and/or refine a solution to a complex real-world problem, based 

on scientific knowledge, student-generated sources of evidence, prioritized 

criteria, and tradeoff considerations. (HS-PS3-3) 

 

Disciplinary Core Ideas 

 

ETS1.A: Defining and Delimiting an Engineering Problem  
● Criteria and constraints also include satisfying any requirements set by society, 

such as taking issues of risk mitigation into account, and they should be quantified 

to the extent possible and stated in such a way that one can tell if a given design 

meets them. (secondary to HS-PS3-3) 

 

 

Crosscutting Concepts 

 

Connections to Engineering, Technology, and Applications of Science 
 
Influence of Science, Engineering and Technology on Society and the Natural World  
 

● Modern civilization depends on major technological systems. Engineers 

continuously modify these technological systems by applying scientific knowledge 

and engineering design practices to increase benefits while decreasing costs and 

risks. (HS-PS3-3) 
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Common Core State Standards Connections: The Common 

Core is a set of high-quality academic standards in mathematics 

and English language arts/literacy (ELA). These learning goals outline what a student 

should know and be able to do at the end of each grade. 

 

ELA/Literacy - 
RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse 
formats and media (e.g., quantitative data, video, multimedia) in order to address a 
question or solve a problem. (HS-ETS1-1) 
RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or 
technical text, verifying the data when possible and corroborating or challenging 
conclusions with other sources of information. (HS-ETS1-1) 
RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, 
simulations) into a coherent understanding of a process, phenomenon, or concept, 
resolving conflicting information when possible. (HS-ETS1-1) 
Mathematics - 
MP.2 Reason abstractly and quantitatively. (HS-ETS1-1) 
MP.4 Model with mathematics. (HS-ETS1-1) 

 

 

International Society for Technology in Education (ISTE)  - Today’s 

students must be prepared to thrive in a constantly evolving 

technological landscape. The ISTE Standards for Students are 

designed to empower student voice and ensure that learning is a student-driven process. 

 

1 - Empowered Learner - Students leverage technology to take an active role in 
choosing, achieving, and demonstrating competency in their learning goals, informed by 
the learning sciences. 
1d - Students understand the fundamental concepts of technology operations, 
demonstrate the ability to choose, use and troubleshoot current technologies and are 
able to transfer their knowledge to explore emerging technologies. 
 
4 - Innovative Designer - Students use a variety of technologies within a design process 
to identify and solve problems by creating new, useful or imaginative solutions. 
4a - Students know and use a deliberate design process for generating ideas, testing 
theories, creating innovative artifacts or solving authentic problems. 
4b - Students select and use digital tools to plan and manage a design process that 
considers design constraints and calculated risks. 



4c - Students develop, test and refine prototypes as part of a cyclical design process. 
4d - Students exhibit a tolerance for ambiguity, perseverance and the capacity to work 
with open-ended problems. 
 
5 - Computational Thinker - Students develop and employ strategies for understanding 
and solving problems in ways that leverage the power of technological methods to 
develop and test solutions. 
5d - Students understand how automation works and use algorithmic thinking to develop 

a sequence of steps to create and test automated solutions. 

 

 

P21 Partnership for 21st Century Learning - A Network of 

Battelle for Kids - P21’s Frameworks for 21st Century Learning 

were developed with input from teachers, education experts, and 

business leaders to define and illustrate the skills and knowledge 

students need to succeed in work and life, as well as the support 

systems necessary for 21st century learning outcomes. They have been used by 

thousands of educators and hundreds of schools in the U.S. and abroad to put 21st 

century skills at the center of learning. 

 

21st Century Theme 
LEARNING AND INNOVATION SKILLS 
Learning and innovation skills increasingly are being recognized as those that separate 
students who are prepared for a more and more complex life and work environments in 
the 21st century, and those who are not. A focus on creativity, critical thinking, 
communication, and collaboration is essential to prepare students for the future. 
 
Creativity and Innovation 
THINK CREATIVELY 
• Use a wide range of idea-creation techniques (such as brainstorming) 
• Create new and worthwhile ideas (both incremental and radical concepts) 
• Elaborate, refine, analyze, and evaluate their own ideas in order to improve and 
maximize creative efforts 
 
WORK CREATIVELY WITH OTHERS 
• Develop, implement, and communicate new ideas to others effectively 
• Be open and responsive to new and diverse perspectives; incorporate group input and 
feedback into the work 
• Demonstrate originality and inventiveness in work and understand the real-world limits 
to adopting new ideas 
• View failure as an opportunity to learn; understand that creativity and innovation is a 
long-term, cyclical process of small 



successes and frequent mistakes 
 
IMPLEMENT INNOVATIONS 
• Act on creative ideas to make a tangible and useful contribution to the field in which the 
innovation will occur 
 
Critical Thinking and Problem Solving 
REASON EFFECTIVELY 
• Use various types of reasoning (inductive, deductive, etc.) as appropriate to the 
situation 
• Use systems thinking 
• Analyze how parts of a whole interact with each other to produce overall outcomes in 
complex systems 
• Make judgments and decisions 
• Effectively analyze and evaluate evidence, arguments, claims, and beliefs 
• Analyze and evaluate major alternative points of view 
• Synthesize and make connections between information and arguments 
• Interpret information and draw conclusions based on the best analysis 
• Reflect critically on learning experiences and processes 
SOLVE PROBLEMS 
• Solve different kinds of non-familiar problems in both conventional and innovative ways 
• Identify and ask significant questions that clarify various points of view and lead to 
better solutions 
 
Communication and Collaboration  
COMMUNICATE CLEARLY 
• Articulate thoughts and ideas effectively using oral, written, and nonverbal 
communication skills in a variety of forms and contexts 
• Listen effectively to decipher meaning, including knowledge, values, attitudes, and 
intentions 
• Use communication for a range of purposes (e.g. to inform, instruct, motivate, and 
persuade) 
• Utilize multiple media and technologies, and know how to judge their effectiveness a 
priority as well as assess their impact 
• Communicate effectively in diverse environments (including multi-lingual) 
• Collaborate with others 
• Demonstrate ability to work effectively and respectfully with diverse teams 
• Exercise flexibility and willingness to be helpful in making necessary compromises to 
accomplish a common goal 
• Assume shared responsibility for collaborative work, and value the individual 
contributions made by each team member 
  



  Tools and System: Frame 
 

Next Generation Science Standards - Three-Dimensional 

Learning: The Next Generation Science Standards (NGSS) are K–

12 science content standards that set the expectations for what 

students should know and be able to do. The NGSS were 

developed by states to improve science education for all students. 

 

Disciplinary Core Ideas 

 

Engineering Design 

Students who demonstrate understanding can: 

 

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into 

smaller, more manageable problems that can be solved through engineering. 

 

Science and Engineering Practices 

 

Constructing Explanations and Designing Solutions 

Constructing explanations and designing solutions in 9–12 builds on K–8 experiences 

and progresses to explanations and designs that are supported by multiple and 

independent student-generated sources of evidence consistent with scientific ideas, 

principles, and theories. 

● Design, evaluate, and/or refine a solution to a complex real-world problem, based 

on scientific knowledge, student-generated sources of evidence, prioritized 

criteria, and tradeoff considerations. (HS-PS3-3). 

 

Crosscutting Concepts 

 

ETS1.C: Optimizing the Design Solution 

● Criteria may need to be broken down into simpler ones that can be approached 

systematically, and decisions about the priority of certain criteria over others 

(trade-offs) may be needed. 

 

 

 

Common Core State Standards Connections: The Common 

Core is a set of high-quality academic standards in mathematics 
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and English language arts/literacy (ELA). These learning goals outline what a student 

should know and be able to do at the end of each grade. 

 

English Language Arts Standards » Speaking & Listening » Grade 9-10, 11-12 
 
Presentation of Knowledge and Ideas: 
9-10.4 
Present information, findings, and supporting evidence clearly, concisely, and logically 
such that listeners can follow the line of reasoning and the organization, development, 
substance, and style are appropriate to purpose, audience, and task. 
SL.9-10.5 
Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive 
elements) in presentations to enhance understanding of findings, reasoning, and 
evidence and to add interest. 
SL.9-10.6 
Adapt speech to a variety of contexts and tasks, demonstrating command of formal 
English when indicated or appropriate. (See grades 9-10 Language standards 1 and 3 
here for specific expectations.) 
 
Presentation of Knowledge and Ideas: 
SL.11-12.4 
Present information, findings, and supporting evidence, conveying a clear and distinct 
perspective, such that listeners can follow the line of reasoning, alternative or opposing 
perspectives are addressed, and the organization, development, substance, and style 
are appropriate to purpose, audience, and a range of formal and informal tasks. 
SL.11-12.5 
Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive 
elements) in presentations to enhance understanding of findings, reasoning, and 
evidence and to add interest. 
SL.11-12.6 
Adapt speech to a variety of contexts and tasks, demonstrating a command of formal 
English when indicated or appropriate. (See grades 11-12 Language standards 1 and 3 
here for specific expectations.) 
 
Mathematics - 
MP.4 Model with mathematics. (HS-ETS1-2) 
 
Standards for Technological and Engineering Literacy: Defining the Role of 
Technology and Engineering in STEM Education (STEL): Standards for Technological 
and Engineering Literacy (STEL) provides an up-to-date roadmap for classroom teachers, 
district supervisors, administrators, states, and curriculum developers to promote 
technology and engineering education program development and curriculum design 
from Pre-K through twelfth grade. 



 

International Technology and Engineering Educators Association - Design 
• Standard 8. Students will develop an understanding of the attributes of design.  
• Standard 9. Students will develop an understanding of engineering design. 
• Standard 10. Students will develop an understanding of the role of 

troubleshooting, research and development,invention and innovation, and 
experimentation in problem solving. 

• Standard 11. Students will develop abilities to apply the design process. 
• Standard 12. Students will develop the abilities to use and maintain technological 

products and systems. 
 

International Society for Technology in Education (ISTE)  - Today’s 

students must be prepared to thrive in a constantly evolving 

technological landscape. The ISTE Standards for Students are 

designed to empower student voice and ensure that learning is a student-driven process. 

 

1 - Empowered Learner - Students leverage technology to take an active role in 
choosing, achieving, and demonstrating competency in their learning goals, informed by 
the learning sciences. 

• 1d - Students understand the fundamental concepts of technology operations, 
demonstrate the ability to choose, use and troubleshoot current technologies and 
are able to transfer their knowledge to explore emerging technologies. 

 
4 - Innovative Designer - Students use a variety of technologies within a design process 
to identify and solve problems by creating new, useful or imaginative solutions. 

• 4a - Students know and use a deliberate design process for generating ideas, 
testing theories, creating innovative artifacts or solving authentic problems. 

• 4b - Students select and use digital tools to plan and manage a design process 
that considers design constraints and calculated risks. 

• 4c - Students develop, test and refine prototypes as part of a cyclical design 
process. 

• 4d - Students exhibit a tolerance for ambiguity, perseverance and the capacity to 
work with open-ended problems. 

 
5 - Computational Thinker - Students develop and employ strategies for understanding 
and solving problems in ways that leverage the power of technological methods to 
develop and test solutions. 

• 5d - Students understand how automation works and use algorithmic thinking to 
develop a sequence of steps to create and test automated solutions. 

 

 



P21 Partnership for 21st Century Learning - A Network of 

Battelle for Kids - P21’s Frameworks for 21st Century Learning 

were developed with input from teachers, education experts, and 

business leaders to define and illustrate the skills and knowledge 

students need to succeed in work and life, as well as the support 

systems necessary for 21st century learning outcomes. They have been used by 

thousands of educators and hundreds of schools in the U.S. and abroad to put 21st 

century skills at the center of learning. 

 

21st Century Theme 
LEARNING AND INNOVATION SKILLS 
Learning and innovation skills increasingly are being recognized as those that separate 
students who are prepared for a more and more complex life and work environments in 
the 21st century, and those who are not. A focus on creativity, critical thinking, 
communication, and collaboration is essential to prepare students for the future. 
 

Creativity and Innovation 

THINK CREATIVELY 

• Use a wide range of idea-creation techniques (such as brainstorming) 

• Create new and worthwhile ideas (both incremental and radical concepts) 

• Elaborate, refine, analyze, and evaluate their own ideas in order to improve and 

maximize creative efforts 

WORK CREATIVELY WITH OTHERS 

• Develop, implement, and communicate new ideas to others effectively 

• Be open and responsive to new and diverse perspectives; incorporate group input and 

feedback into the work 

• Demonstrate originality and inventiveness in work and understand the real-world limits 

to adopting new ideas 

• View failure as an opportunity to learn; understand that creativity and innovation is a 

long-term, cyclical process of small successes and frequent mistakes 

IMPLEMENT INNOVATIONS 

• Act on creative ideas to make a tangible and useful contribution to the field in which the 

innovation will occur 

 

Critical Thinking and Problem Solving 

REASON EFFECTIVELY 

• Use various types of reasoning (inductive, deductive, etc.) as appropriate to the 

situation 

• Use systems thinking 



• Analyze how parts of a whole interact with each other to produce overall outcomes in 

complex systems 

• Make judgments and decisions 

• Effectively analyze and evaluate evidence, arguments, claims, and beliefs 

• Analyze and evaluate major alternative points of view 

• Synthesize and make connections between information and arguments 

• Interpret information and draw conclusions based on the best analysis 

• Reflect critically on learning experiences and processes 

SOLVE PROBLEMS 

• Solve different kinds of non-familiar problems in both conventional and innovative ways 

• Identify and ask significant questions that clarify various points of view and lead to 

better solutions 

 

Communication and Collaboration 

COMMUNICATE CLEARLY 

• Articulate thoughts and ideas effectively using oral, written, and nonverbal 

communication skills in a variety of forms and contexts 

• Listen effectively to decipher meaning, including knowledge, values, attitudes, and 

intentions 

• Use communication for a range of purposes (e.g. to inform, instruct, motivate, and 

persuade) 

• Utilize multiple media and technologies, and know how to judge their effectiveness a 

priority as well as assess their impact 

• Communicate effectively in diverse environments (including multi-lingual) 

• Collaborate with others 

• Demonstrate ability to work effectively and respectfully with diverse teams 

• Exercise flexibility and willingness to be helpful in making necessary compromises to 

accomplish a common goal 

• Assume shared responsibility for collaborative work, and value the individual 

contributions made by each team member 

  



  Basic Electronics 
 

Next Generation Science Standards - Three-Dimensional 

Learning: The Next Generation Science Standards (NGSS) are K–

12 science content standards that set the expectations for what 

students should know and be able to do. The NGSS were 

developed by states to improve science education for all students. 

 

Disciplinary Core Ideas  

 

Engineering Design 

Students who demonstrate understanding can:  

 

HS-PS3-1 Create a computational model to calculate the change in the energy of one 
component in a system when the change in energy of the other component(s) and 
energy flows in and out of the system are known. 
HS-PS3-3 Design, build, and refine a device that works within given constraints to 

convert one form of energy into another form of energy. 

 

Science and Engineering Practices 

 

Using Mathematics and Computational Thinking 

Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses 

to using algebraic thinking and analysis, a range of linear and nonlinear functions 

including trigonometric functions, exponentials and logarithms, and computational tools 

for statistical analysis to analyze, represent, and model data. Simple computational 

simulations are created and used based on mathematical models of basic assumptions. 

● Create a computational model or simulation of a phenomenon, designed device, 

process, or system. (HS-PS3-1. 

 

Analyzing and Interpreting Data 

Analyzing data in 9–12 builds on K–8 and progresses to introducing more detailed 

statistical analysis, the comparison of data sets for consistency, and the use of models to 

generate and analyze data. 

● Analyze data using tools, technologies, and/or models (e.g., computational, 

mathematical) in order to make valid and reliable scientific claims or determine an 

optimal design solution. (HS-PS3-1) 

 



Constructing Explanations and Designing Solutions 

Constructing explanations and designing solutions in 9–12 builds on K–8 experiences 

and progresses to explanations and designs that are supported by multiple and 

independent student-generated sources of evidence consistent with scientific ideas, 

principles, and theories. 

● Design, evaluate, and/or refine a solution to a complex real-world problem, based 

on scientific knowledge, student-generated sources of evidence, prioritized 

criteria, and tradeoff considerations. (HS-PS3-3) 

 

Disciplinary Core Ideas 

 

PS3.A: Definitions of Energy. 

● Energy is a quantitative property of a system that depends on the motion and 

interactions of matter and radiation within that system. That there is a single 

quantity called energy is due to the fact that a system’s total energy is conserved, 

even as, within the system, energy is continually transferred from one object to 

another and between its various possible forms. (HS-PS3-1). 

 

PS3.B: Conservation of Energy and Energy Transfer. 

● Conservation of energy means that the total change of energy in any system is 

always equal to the total energy transferred into or out of the system. (HS-PS3-1) 

● Energy cannot be created or destroyed, but it can be transported from one place 

to another and transferred between systems. (HS-PS3-1) 

● Mathematical expressions, which quantify how the stored energy in a system 

depends on its configuration (e.g. relative positions of charged particles, 

compression of a spring) and how kinetic energy depends on mass and speed, 

allow the concept of conservation of energy to be used to predict and describe 

system behavior.  (HS-PS3-1) 

● The availability of energy limits what can occur in any system. (HS-PS3-1) 

 

ETS1.A: Defining and Delimiting (HS-PS3-1) an Engineering Problem  

● Criteria and constraints also include satisfying any requirements set by society, 

such as taking issues of risk mitigation into account, and they should be quantified 

to the extent possible and stated in such a way that one can tell if a given design 

meets them. (secondary to HS-PS3-3) 

 

Crosscutting Concepts 
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Systems and System Models 

● Models can be used to predict the behavior of a system, but these predictions 

have limited precision and reliability due to the assumptions and approximations 

inherent in models. 

 

 Energy and Matter 

● Changes of energy and matter in a system can be described in terms of energy 

and matter flows into, out of, and within that system. (HS-PS3-3). 

 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Connections to Engineering, 

Technology, and Applications of Science 

 

Influence of Science, Engineering and Technology on Society and the Natural World 

● Modern civilization depends on major technological systems. Engineers 

continuously modify these technological systems by applying scientific knowledge 

and engineering design practices to increase benefits while decreasing costs and 

risks. (HS-PS3-3) 

 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Connections to Nature of Science 

 

Scientific Knowledge Assumes an Order and Consistency in Natural Systems 

● Science assumes the universe is a vast single system in which basic laws are 

consistent. (HS-PS3-1) 

 

 

 

Common Core State Standards Connections: The Common 

Core is a set of high-quality academic standards in mathematics 

and English language arts/literacy (ELA). These learning goals outline what a student 

should know and be able to do at the end of each grade. 

 

Mathematics - 

MP.2 Reason abstractly and quantitatively. (HS-PS3-1) 

MP.4 Model with mathematics. (HS-PS3-1) 
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HSN.Q.A.1 Use units as a way to understand problems and to guide the solution of 

multi-step problems; choose and interpret units consistently in formulas; choose and 

interpret the scale and the origin in graphs and data displays. (HS-PS3-1) 

HSN.Q.A.2 Define appropriate quantities for the purpose of descriptive modeling. (HS-

PS3-1) 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement 

when reporting quantities. (HS-PS3-1) 

 

 

International Technology and Engineering Educators 

Association – Technology Standards for Technological and Engineering Literacy:  

Defining the Role of Technology and Engineering in STEM Education (STEL): Standards 

for Technological and Engineering Literacy (STEL) provides an up-to-date roadmap for 

classroom teachers, district supervisors, administrators, states, and curriculum 

developers to promote technology and engineering education program development 

and curriculum design from Pre-K through twelfth grade. 

 

International Technology and Engineering Educators Association - Design 

• Standard 8. Students will develop an understanding of the attributes of design.  

• Standard 9. Students will develop an understanding of engineering design. 

• Standard 10. Students will develop an understanding of the role of 

troubleshooting, research and development, invention and innovation, and 

experimentation in problem solving. 

• Standard 11. Students will develop abilities to apply the design process. 

• Standard 12. Students will develop the abilities to use and maintain technological 

products and systems. 

 

 

 

 

Systems: Power, Control, Tether and Propulsion 

Troubleshooting 
 

Next Generation Science Standards - Three-Dimensional 

Learning: The Next Generation Science Standards (NGSS) are K–

12 science content standards that set the expectations for what 



students should know and be able to do. The NGSS were developed by states to 

improve science education for all students. 

 

Disciplinary Core Ideas  

 

HS-PS3 Energy 

Students who demonstrate understanding can:  

 

HS-PS3-5. Develop and use a model of two objects interacting through electric or 

magnetic fields to illustrate the forces between objects and the changes in energy of the 

objects due to the interaction. 

 

HS. Engineering Design 
Students who demonstrate understanding can:  

 

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into 
smaller, more manageable problems that can be solved through engineering. (Grades 9 - 
12) 
HS-ETS1-4. Use a computer simulation to model the impact of proposed solutions to a 

complex real-world problem with numerous criteria and constraints on interactions within 

and between systems relevant to the problem. 

 

Science and Engineering Practices 

 

Developing and Using Models 

Modeling in 9–12 builds on K–8 and progresses to using, synthesizing, and developing 

models to predict and show relationships among variables between systems and their 

components in the natural and designed worlds. 

• Develop and use a model based on evidence to illustrate the relationships 

between systems or between components of a system. (HS PS3-5) 

 

Constructing Explanations and Designing Solutions 

Constructing explanations and designing solutions in 9–12 builds on K–8 experiences 

and progresses to explanations and designs that are supported by multiple and 

independent student-generated sources of evidence consistent with scientific ideas, 

principles and theories. 

● Design a solution to a complex real-world problem, based on scientific 

knowledge, student-generated sources of evidence, prioritized criteria, and 

tradeoff considerations. (HS-ETS1-2) 



 

Using Mathematics and Computational Thinking 

Mathematical and computational thinking in 9-12 builds on K-8 experiences and 

progresses to using algebraic thinking and analysis, a range of linear and nonlinear 

functions including trigonometric functions, exponentials and logarithms, and 

computational tools for statistical analysis to analyze, represent, and model data. Simple 

computational simulations are created and used based on mathematical models of basic 

assumptions. 

● Use mathematical models and/or computer simulations to predict the effects of a 

design solution on systems and/or the interactions between systems. (HS-ETS1-4) 

 

 

Disciplinary Core Ideas 

 

PS3.C: Relationship Between Energy and Forces. 

● When two objects interacting through a field change relative position, the energy 

stored in the field is changed. (HS-PS3-5). 

 

ETS1.B: Developing Possible Solutions. 

● Both physical models and computers can be used in various ways to aid in the 

engineering design process. Computers are useful for a variety of purposes, such 

as running simulations to test different ways of solving a problem or to see which 

one is most efficient or economical; and in making a persuasive presentation to a 

client about how a given design will meet his or her needs. (HS-ETS1-4) 

 

Crosscutting Concepts 

 

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. (HS-PS3-5) 

 

Systems and System Models  

● Models (e.g., physical, mathematical, computer models) can be used to simulate 

systems and interactions—including energy, matter, and information flows— within 

and between systems at different scales. (HS-ETS1-4) 

 

 



 

 

Common Core State Standards Connections: The Common 

Core is a set of high-quality academic standards in mathematics 

and English language arts/literacy (ELA). These learning goals outline what a student 

should know and be able to do at the end of each grade. 

 

English Language Arts Standards » Science & Technical Subjects » Grade 9-10, 11-12 

 

Integration of Knowledge and Ideas: 

RST.9-10.7    Translate quantitative or technical information expressed in words in a text 

into visual form (e.g., a table or chart) and translate information expressed visually or 

mathematically (e.g., in an equation) into words. 

RST.11-12.8    Evaluate the hypotheses, data, analysis, and conclusions in a science or 

technical text, verifying the data when possible and corroborating or challenging 

conclusions with other sources of information. 

RST.11-12.9    Synthesize information from a range of sources (e.g., texts, experiments, 

simulations) into a coherent understanding of a process, phenomenon, or concept, 

resolving conflicting information when possible. 

WHST.11-12.8 Gather relevant information from multiple authoritative print and 

digital sources, using advanced searches effectively; assess the strengths and limitations 

of each source in terms of the specific task, purpose, and audience; integrate information 

into the text selectively to maintain the flow of ideas, avoiding plagiarism and 

overreliance on any one source and following a standard format for citation. (HS-PS3-5) 

WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and 

research. (HS-PS3-5) 

SL.11-12.5 Make strategic use of digital media (e.g., textual, graphical, audio, visual, 

and interactive elements) in presentations to enhance understanding of findings, 

reasoning, and evidence and to add interest. (HS-PS3-5) 

Mathematics - 

MP.2 Reason abstractly and quantitatively. (HS-ETS1-4) 

MP.4 Model with mathematics. (HS-ETS1-2), (HS-ETS1-4) 

 

 

Standards for Technological and Engineering Literacy:  Defining the Role of Technology 

and Engineering in STEM Education (STEL): Standards for Technological and Engineering 

Literacy (STEL) provides an up-to-date roadmap for classroom teachers, district 

supervisors, administrators, states, and curriculum developers to promote technology 



and engineering education program development and curriculum design from Pre-K 

through twelfth grade. 

 

International Technology and Engineering Educators 

Association – Technology Standards for Technological and Engineering Literacy: 

Defining the Role of Technology and Engineering in STEM Education (STEL): Standards 

for Technological and Engineering Literacy (STEL) provides an up-to-date roadmap for 

classroom teachers, district supervisors, administrators, states, and curriculum 

developers to promote technology and engineering education program development 

and curriculum design from Pre-K through twelfth grade. 

 

International Technology and Engineering Educators Association - Design 

• Standard 8. Students will develop an understanding of the attributes of design.  

• Standard 9. Students will develop an understanding of engineering design. 

• Standard 10. Students will develop an understanding of the role of 

troubleshooting, research and development, invention and innovation, and 

experimentation in problem solving. 

• Standard 11. Students will develop abilities to apply the design process. 

• Standard 12. Students will develop the abilities to use and maintain technological 

products and systems. 

 

 

International Society for Technology in Education (ISTE) - Today’s 

students must be prepared to thrive in a constantly evolving 

technological landscape. The ISTE Standards for Students are 

designed to empower student voice and ensure that learning is a student-driven process. 

 

1 - Empowered Learner - Students leverage technology to take an active role in 

choosing, achieving, and demonstrating competency in their learning goals, informed by 

the learning sciences. 

• 1d - Students understand the fundamental concepts of technology operations, 

demonstrate the ability to choose, use and troubleshoot current technologies and 

are able to transfer their knowledge to explore emerging technologies. 

 

4 - Innovative Designer - Students use a variety of technologies within a design process 

to identify and solve problems by creating new, useful or imaginative solutions. 



• 4a - Students know and use a deliberate design process for generating ideas, 

testing theories, creating innovative artifacts or solving authentic problems. 

• 4b - Students select and use digital tools to plan and manage a design process 

that considers design constraints and calculated risks. 

• 4c - Students develop, test and refine prototypes as part of a cyclical design 

process. 

• 4d - Students exhibit a tolerance for ambiguity, perseverance and the capacity to 

work with open-ended problems. 

 

5 - Computational Thinker - Students develop and employ strategies for understanding 

and solving problems in ways that leverage the power of technological methods to 

develop and test solutions. 

• 5d - Students understand how automation works and use algorithmic thinking to 

develop a sequence of steps to create and test automated solutions. 

 

 

Converting from Analog to Digital 
 

Next Generation Science Standards - Three-Dimensional 

Learning: The Next Generation Science Standards (NGSS) are K–

12 science content standards that set the expectations for what 

students should know and be able to do. The NGSS were 

developed by states to improve science education for all students. 

 

Disciplinary Core Ideas 

 

HS. Engineering Design 

Students who demonstrate understanding can:  

 

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into 

smaller, more manageable problems that can be solved through engineering. 

HS-ETS1-4. Use a computer simulation to model the impact of proposed solutions to a 

complex real-world problem with numerous criteria and constraints on interactions within 

and between systems relevant to the problem. 

 

Science and Engineering Practices 

 

Constructing Explanations and Designing Solutions 



Constructing explanations and designing solutions in 9–12 builds on K–8 experiences 

and progresses to explanations and designs that are supported by multiple and 

independent student-generated sources of evidence consistent with scientific ideas, 

principles and theories. 

● Design a solution to a complex real-world problem, based on scientific 

knowledge, student-generated sources of evidence, prioritized criteria, and 

tradeoff considerations. (HS-ETS1-2) 

 

Using Mathematics and Computational Thinking 

Mathematical and computational thinking in 9-12 builds on K-8 experiences and 

progresses to using algebraic thinking and analysis, a range of linear and nonlinear 

functions including trigonometric functions, exponentials and logarithms, and 

computational tools for statistical analysis to analyze, represent, and model data. Simple 

computational simulations are created and used based on mathematical models of basic 

assumptions. 

● Use mathematical models and/or computer simulations to predict the effects of a 

design solution on systems and/or the interactions between systems. (HS-ETS1-4) 

 

Disciplinary Core Ideas 

 

ETS1.B: Developing Possible Solutions 

● When evaluating solutions, it is important to take into account a range of 

constraints, including cost, safety, reliability, and aesthetics, and to consider social, 

cultural, and environmental impacts. (HS-ETS1-3) 

 

ETS1.C: Optimizing the Design Solution 

● Criteria may need to be broken down into simpler ones that can be approached 

systematically, and decisions about the priority of certain criteria over others 

(trade-offs) may be needed. (HS-ETS1-2) 

 

Crosscutting Concepts 

 

 

Systems and System Models 

• Models (e.g., physical, mathematical, computer models) can be used to simulate 

systems and interactions, including information flows— within and between 

systems at different scales. (HS-ETS1-4) 

 



 

Common Core State Standards Connections: The Common 

Core is a set of high-quality academic standards in mathematics 

and English language arts/literacy (ELA). These learning goals outline what a student 

should know and be able to do at the end of each grade. 

 

ELA/Literacy - 

RST.9-10.7 Integrate and evaluate multiple sources of information presented in diverse 

formats and media (e.g., quantitative data, video, multimedia) in order to address a 

question or solve a problem. (HS-ETS1-3) 

RST.11-12.5 Synthesize information from a range of sources (e.g., texts, experiments, 

simulations) into a coherent understanding of a process, phenomenon, or concept, 

resolving conflicting information when possible. 

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, 

simulations) into a coherent understanding of a process, phenomenon, or concept, 

resolving conflicting information when possible. 

Mathematics - 

MP.2 Reason abstractly and quantitatively. (HS-ETS1-4) 

MP.4    Model with mathematics. (HS-ETS1-2),(HS-ETS1-4) 

 

 

International Technology and Engineering Educators 

Association – Technology Standards for Technological and Engineering Literacy:  

Defining the Role of Technology and Engineering in STEM Education (STEL): Standards 

for Technological and Engineering Literacy (STEL) provides an up-to-date roadmap for 

classroom teachers, district supervisors, administrators, states, and curriculum 

developers to promote technology and engineering education program development 

and curriculum design from Pre-K through twelfth grade. 

 

International Technology and Engineering Educators Association - Design 

• Standard 10. Students will develop an understanding of the role of 

troubleshooting, research and development, invention and innovation, and 

experimentation in problem solving. 

• Students will develop the abilities to use and maintain technological products and 

systems. 

 

 



International Society for Technology in Education (ISTE)  - Today’s 

students must be prepared to thrive in a constantly evolving 

technological landscape. The ISTE Standards for Students are 

designed to empower student voice and ensure that learning is a student-driven process. 

 

1 - Empowered Learner - Students leverage technology to take an active role in 

choosing, achieving, and demonstrating competency in their learning goals, informed by 

the learning sciences. 

• 1d - Students understand the fundamental concepts of technology operations, 

demonstrate the ability to choose, use and troubleshoot current technologies and 

are able to transfer their knowledge to explore emerging technologies. 

 

4 - Innovative Designer - Students use a variety of technologies within a design process 

to identify and solve problems by creating new, useful or imaginative solutions. 

• 4a - Students know and use a deliberate design process for generating ideas, 

testing theories, creating innovative artifacts or solving authentic problems. 

• 4b - Students select and use digital tools to plan and manage a design process 

that considers design constraints and calculated risks. 

• 4c - Students develop, test and refine prototypes as part of a cyclical design 

process. 

• 4d - Students exhibit a tolerance for ambiguity, perseverance and the capacity to 

work with open-ended problems. 

 

5 - Computational Thinker - Students develop and employ strategies for understanding 

and solving problems in ways that leverage the power of technological methods to 

develop and test solutions. 

• 5d - Students understand how automation works and use algorithmic thinking to 

develop a sequence of steps to create and test automated solutions. 

  



 

System: Payload 
 

Next Generation Science Standards - Three-Dimensional 

Learning: The Next Generation Science Standards (NGSS) are K–

12 science content standards that set the expectations for what 

students should know and be able to do. The NGSS were 

developed by states to improve science education for all students. 

 

Disciplinary Core Ideas 

 

HS. Engineering Design 

Students who demonstrate understanding can:  

 

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into 

smaller, more manageable problems that can be solved through engineering. 

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized 

criteria and trade-offs that account for a range of constraints, including cost, safety, 

reliability, and aesthetics as well as possible social, cultural, and environmental impacts. 

 

Science and Engineering Practices 

 

Constructing Explanations and Designing Solutions 

Constructing explanations and designing solutions in 9–12 builds on K–8 experiences 

and progresses to explanations and designs that are supported by multiple and 

independent student-generated sources of evidence consistent with scientific ideas, 

principles and theories. 

● Design a solution to a complex real-world problem, based on scientific 

knowledge, student-generated sources of evidence, prioritized criteria, and 

tradeoff considerations. (HS-ETS1-2) 

● Evaluate a solution to a complex real-world problem, based on scientific 

knowledge, student-generated sources of evidence, prioritized criteria, and 

tradeoff considerations. (HS-ETS1-3) 

 

Disciplinary Core Ideas 

 

ETS1.B: Developing Possible Solutions 



● When evaluating solutions, it is important to take into account a range of 

constraints, including cost, safety, reliability, and aesthetics, and to consider social, 

cultural, and environmental impacts. (HS-ETS1-3) 

 

ETS1.C: Optimizing the Design Solution 

● Criteria may need to be broken down into simpler ones that can be approached 

systematically, and decisions about the priority of certain criteria over others 

(trade-offs) may be needed. (HS-ETS1-2) 

 

Crosscutting Concepts 

 

Connections to Engineering, Technology, and Applications of Science 

 

Influence of Science, Engineering, and Technology on Society and the Natural World   

● New technologies can have deep impacts on society and the environment, 

including some that were not anticipated. Analysis of costs and benefits is a 

critical aspect of decisions about technology. (HS-ETS1-3)- 1) 

 

 

 

Common Core State Standards Connections: The Common 

Core is a set of high-quality academic standards in mathematics 

and English language arts/literacy (ELA). These learning goals outline what a student 

should know and be able to do at the end of each grade. 

 

ELA/Literacy - 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse 

formats and media (e.g., quantitative data, video, multimedia) in order to address a 

question or solve a problem. (HS-ETS1-3) 

RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or 

technical text, verifying the data when possible and corroborating or challenging 

conclusions with other sources of information. (HS-ETS1-3) 

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, 

simulations) into a coherent understanding of a process, phenomenon, or concept, 

resolving conflicting information when possible. (HS-ETS1-3) 

Mathematics - 

MP.2 Reason abstractly and quantitatively. (HS-ETS1-3) 

MP.4    Model with mathematics. (HS-ETS1-2),(HS-ETS1-3) 



 

 

International Technology and Engineering Educators 

Association – Technology Standards for Technological and Engineering Literacy:  

Defining the Role of Technology and Engineering in STEM Education (STEL): Standards 

for Technological and Engineering Literacy (STEL) provides an up-to-date roadmap for 

classroom teachers, district supervisors, administrators, states, and curriculum 

developers to promote technology and engineering education program development 

and curriculum design from Pre-K through twelfth grade. 

 

International Technology and Engineering Educators Association - Design 

• Students will develop an understanding of the attributes of design.    

• Students will develop an understanding of engineering design. 

• Students will develop an understanding of the role of troubleshooting, research 

and development, invention and innovation, and experimentation in problem 

solving.  

 

 

International Society for Technology in Education (ISTE)  - Today’s 

students must be prepared to thrive in a constantly evolving 

technological landscape. The ISTE Standards for Students are 

designed to empower student voice and ensure that learning is a student-driven process. 

 

1 - Empowered Learner - Students leverage technology to take an active role in 

choosing, achieving, and demonstrating competency in their learning goals, informed by 

the learning sciences. 

• 1d - Students understand the fundamental concepts of technology operations, 

demonstrate the ability to choose, use and troubleshoot current technologies and 

are able to transfer their knowledge to explore emerging technologies. 

 

4 - Innovative Designer - Students use a variety of technologies within a design process 

to identify and solve problems by creating new, useful or imaginative solutions. 

• 4a - Students know and use a deliberate design process for generating ideas, 

testing theories, creating innovative artifacts or solving authentic problems. 

• 4b - Students select and use digital tools to plan and manage a design process 

that considers design constraints and calculated risks. 



• 4c - Students develop, test and refine prototypes as part of a cyclical design 

process. 

• 4d - Students exhibit a tolerance for ambiguity, perseverance and the capacity to 

work with open-ended problems. 

 

5 - Computational Thinker - Students develop and employ strategies for understanding 

and solving problems in ways that leverage the power of technological methods to 

develop and test solutions. 

• 5d - Students understand how automation works and use algorithmic thinking to 

develop a sequence of steps to create and test automated solutions. 

  



System: Buoyancy / Ballast 
 

Next Generation Science Standards - Three-Dimensional 

Learning: The Next Generation Science Standards (NGSS) are K–

12 science content standards that set the expectations for what 

students should know and be able to do. The NGSS were 

developed by states to improve science education for all students. 

 

Disciplinary Core Ideas  

 

HS-PS3 Energy 

Students who demonstrate understanding can: 

 

HS-PS3-1. Create a computational model to calculate the change in the energy of one 

component in a system when the change in energy of the other component(s) and 

energy flows in and out of the system are known.  

HS-PS3-3. Design, build, and refine a device that works within given constraints to 

convert one form of energy into another form of energy. 

 

Science and Engineering Practices  

 

Using Mathematics and Computational Thinking 

Mathematical and computational thinking at the 9–12 level builds on K–8 and progresses 

to using algebraic thinking and analysis, a range of linear and nonlinear functions 

including trigonometric functions, exponentials and logarithms, and computational tools 

for statistical analysis to analyze, represent, and model data. Simple computational 

simulations are created and used based on mathematical models of basic assumptions. 

● Create a computational model or simulation of a phenomenon, designed device, 

process, or system. (HS-PS3-1) 

 

Constructing Explanations and Designing Solutions 

Constructing explanations and designing solutions in 9– 12 builds on K–8 experiences 

and progresses to explanations and designs that are supported by multiple and 

independent student-generated sources of evidence consistent with scientific ideas, 

principles, and theories. 

● Design, evaluate, and/or refine a solution to a complex real-world problem, based 

on scientific knowledge, student-generated sources of evidence, prioritized 

criteria, and tradeoff considerations. (HS PS3-3) 



 

Asking Questions and Defining Problems 

Asking questions and defining problems in grades 9–12 builds from grades K–8 

experiences and progresses to formulating, refining, and evaluating empirically testable 

questions and design problems using models and simulations. 

 

Disciplinary Core Ideas 

 

PS3.A: Definitions of Energy 

● Energy is a quantitative property of a system that depends on the motion and 

interactions of matter and radiation within that system. That there is a single 

quantity called energy is due to the fact that a system’s total energy is conserved, 

even as, within the system, energy is continually transferred from one object to 

another and between its various possible forms (HS-PS3-1) 

 

PS3.B: Conservation of Energy and Energy Transfer 

● Conservation of energy means that the total change of energy in any system is 

always equal to the total energy transferred into or out of the system. (HS-PS3-1) 

● Energy cannot be created or destroyed, but it can be transported from one place 

to another and transferred between systems. (HS-PS3-1) 

● Mathematical expressions, which quantify how the stored energy in a system 

depends on its configuration (e.g. relative positions of charged particles, 

compression of a spring) and how kinetic energy depends on mass and speed, 

allow the concept of conservation of energy to be used to predict and describe 

system behavior. (HS-PS3-1) 

● The availability of energy limits what can occur in any system. (HS-PS3-1) 

 

ET S1.A: Defining and Delimiting Engineering Problems . 

● Criteria and constraints also include satisfying any requirements set by society, 

such as taking issues of risk mitigation into account, and they should be quantified 

to the extent possible and stated in such a way that one can tell if a given design 

meets them. (secondary to HS-PS3-3) 

 

Crosscutting Concepts 

 

Systems and System Models 



● Models can be used to predict the behavior of a system, but these predictions 

have limited precision and reliability due to the assumptions and approximations 

inherent in models. (HS PS3-1) 

 

Energy and Matter 

● Changes of energy and matter in a system can be described in terms of energy 

and matter flows into, out of, and within that system. (HS PS3-3) 

 

Connections to Engineering, Technology, and Applications of Science 

 

Influence of Science, Engineering, and Technology on Society and the Natural World 

● Modern civilization depends on major technological systems. Engineers 

continuously modify these technological systems by applying scientific 

knowledge and engineering design practices to increase benefits while 

decreasing costs and risks. (HS-PS3-3) 

 

 

 

Common Core State Standards Connections: The Common 

Core is a set of high-quality academic standards in mathematics 

and English language arts/literacy (ELA). These learning goals outline what a student 

should know and be able to do at the end of each grade. 

 

ELA/Literacy - 
SL.11-12.5    Make strategic use of digital media (e.g., textual, graphical, audio, visual, and 
interactive elements) in presentations to enhance understanding of findings, 
reasoning, and evidence and to add interest. (HS-PS3-1) 
  
Mathematics- 
MP.2    Reason abstractly and quantitatively. (HS-PS3-1), (HS-PS3-3) 
MP.4    Model with mathematics. (HS -PS3-1),(HS-PS3-3)  
HSN-Q.A.1     Use units as a way to understand problems and to guide the solution of 
multi-step problems; choose and interpret units consistently in formulas; choose and 
interpret the scale and the origin in graphs and data displays. (HS-PS3-1),(HS-PS3-3) 
HSN-Q.A.2    Define appropriate quantities for the purpose of descriptive modeling. (HS-
PS3-1), (HS-PS3-3)  
HSN-Q.A .3    Choose a level of accuracy appropriate to limitations on measurement 
when reporting quantities. (HS-PS3-1),(HS-PS3-3) 
 

 



 

International Technology and Engineering Educators 

Association – Technology Standards for Technological and Engineering Literacy:  

Defining the Role of Technology and Engineering in STEM Education (STEL): Standards 

for Technological and Engineering Literacy (STEL) provides an up-to-date roadmap for 

classroom teachers, district supervisors, administrators, states, and curriculum 

developers to promote technology and engineering education program development 

and curriculum design from Pre-K through twelfth grade. 

 

International Technology and Engineering Educators Association - Design 

• Standard 8. Students will develop an understanding of the attributes of design.  

• Standard 9. Students will develop an understanding of engineering design. 

• Standard 10. Students will develop an understanding of the role of 

troubleshooting, research and development,invention and innovation, and 

experimentation in problem solving. 

• Standard 11. Students will develop abilities to apply the design process. 

• Standard 12. Students will develop the abilities to use and maintain technological 

products and systems. 

 

 

ROVs Outside the Classroom 

 

 

Ocean Literacy: The Essential Principles and Fundamental Concepts of 

Ocean Sciences for Learners of All Ages - Version 2: March 2013 - Ocean 

literacy is an understanding of the ocean’s influence on you—and your 

influence on the ocean. 

An ocean-literate person understands the Essential Principles and 

Fundamental Concepts about the ocean; can communicate about the ocean 

in a meaningful way; and is able to make informed and responsible 

decisions regarding the ocean and its resources. 

 

Principle #1 The Earth has one big ocean with many features.  

• B - Ocean basins are composed of the seafloor and all of its geological features 

(such as islands, trenches, mid-ocean ridges, and rift valleys) and vary in size, 

shape and features due to the movement of Earth’s crust (lithosphere). Earth’s 

highest peaks, deepest valleys and flattest plains are all in the ocean. 



 

Principle #6 - The ocean and humans are inextricably interconnected. 

● D - Humans affect the ocean in a variety of ways. Laws, regulations, and 

resource management affect what is taken out and put into the ocean. Human 

development and activity leads to pollution (point source, nonpoint source, and 

noise pollution), changes to ocean chemistry (ocean acidification), and physical 

modifications (changes to beaches, shores, and rivers). In addition, humans have 

removed most of the large vertebrates from the ocean. 

● G - Everyone is responsible for caring for the ocean. The ocean sustains life on 

Earth and humans must live in ways that sustain the ocean. Individual and 

collective actions are needed to effectively manage ocean resources for all. 

 

 

Next Generation Science Standards - Three-Dimensional 

Learning: The Next Generation Science Standards (NGSS) are K–

12 science content standards that set the expectations for what 

students should know and be able to do. The NGSS were 

developed by states to improve science education for all students. 

 

HS-ETS1-1 Engineering Design 

Students who demonstrate understanding can: 

 

HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria 

and constraints for solutions that account for societal needs and wants. 

 

Science and Engineering Practices 
 

Asking Questions and Defining Problems 

Asking questions and defining problems in 9–12 builds on K–8 experiences and 

progresses to formulating, refining, and evaluating empirically testable questions and 

design problems using models and simulations. 

• Analyze complex real-world problems by specifying criteria and constraints for 

successful solutions.  

 

Disciplinary Core Ideas 

 

ETS1.A: Defining and Delimiting Engineering Problems 

• Criteria and constraints also include satisfying any requirements set by society, 

such as taking issues of risk mitigation into account, and they should be quantified 
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to the extent possible and stated in such a way that one can tell if a given design 

meets them.  

• Humanity faces major global challenges today, such as the need for supplies of 

clean water and food or for energy sources that minimize pollution, which can be 

addressed through engineering. These global challenges also may have 

manifestations in local communities. 

 

Crosscutting Concepts 

 
Connections to Engineering, Technology, and Applications of Science 

 

Influence of Science, Engineering, and Technology on Society and the Natural World 

● New technologies can have deep impacts on society and the environment, 

including some that were not anticipated. Analysis of costs and benefits is a 

critical aspect of decisions about technology.  

 

 

 

Common Core State Standards Connections: The Common 

Core is a set of high-quality academic standards in mathematics 

and English language arts/literacy (ELA). These learning goals outline what a student 

should know and be able to do at the end of each grade. 

 

ELA/Literacy - 

RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse 

formats and media (e.g., quantitative data, video, multimedia) in order to address a 

question or solve a problem. (HS-ETS1-1) 

RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or 

technical text, verifying the data when possible and corroborating or challenging 

conclusions with other sources of information. (HS-ETS1-1) 

RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, 

simulations) into a coherent understanding of a process, phenomenon, or concept, 

resolving conflicting information when possible. (HS-ETS1-1) 

SL.11-12.1  

Initiate and participate effectively in a range of collaborative discussions (one-on-one, in 

groups, and teacher-led) with diverse partners on grades 11-12 topics, texts, and issues, 

building on others' ideas and expressing their own clearly and persuasively. 

Mathematics - 

MP.2 Reason abstractly and quantitatively. (HS-ETS1-1) 
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MP.4 Model with mathematics. (HS-ETS1-1) 

 

 

International Society for Technology in Education (ISTE)  - Today’s 

students must be prepared to thrive in a constantly evolving 

technological landscape. The ISTE Standards for Students are 

designed to empower student voice and ensure that learning is a student-driven process. 

 

1 - Empowered Learner - Students leverage technology to take an active role in 

choosing, achieving, and demonstrating competency in their learning goals, informed by 

the learning sciences. 

• 1d - Students understand the fundamental concepts of technology operations, 

demonstrate the ability to choose, use and troubleshoot current technologies and 

are able to transfer their knowledge to explore emerging technologies. 

 

4 - Innovative Designer - Students use a variety of technologies within a design process 

to identify and solve problems by creating new, useful or imaginative solutions. 

• 4a - Students know and use a deliberate design process for generating ideas, 

testing theories, creating innovative artifacts or solving authentic problems. 

• 4b - Students select and use digital tools to plan and manage a design process 

that considers design constraints and calculated risks. 

• 4c - Students develop, test and refine prototypes as part of a cyclical design 

process. 

• 4d - Students exhibit a tolerance for ambiguity, perseverance and the capacity to 

work with open-ended problems. 

 

5 - Computational Thinker - Students develop and employ strategies for understanding 

and solving problems in ways that leverage the power of technological methods to 

develop and test solutions. 

• 5d - Students understand how automation works and use algorithmic thinking to 

develop a sequence of steps to create and test automated solutions. 

 

 

 

Safety and Operations 

 

Safety resources from NSTA:  

Safety | NSTA 

https://www.nsta.org/topics/safety


SafetyAcknowledgmentForm-HighSchool.pdf (nsta.org) 

MinimumSafetyPracticesAndRegulations.pdf (nsta.org) 

 

 

Safety Resources from ITEEA: 

ITEEA - Safety Resources 

 

https://static.nsta.org/pdfs/SafetyAcknowledgmentForm-HighSchool.pdf
https://static.nsta.org/pdfs/MinimumSafetyPracticesAndRegulations.pdf
https://www.iteea.org/Resources1507/Safety.aspx

