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Findings
Representative engineering practices mapped to ECS 
learning objectives
NGSS Practice and ECS Objective Teaching Notes
Practice 1: Asking Questions and Defining Problems
• �Evaluate a question to determine if it is testable and relevant. 1. �Conducting Internet searches requires evaluating and framing 

questions so they can be used as search terms.
2. �Questions are evaluated to determine if they can be answered 

using computation

• �Ask and/or evaluate questions that challenge the premise(s) of an 
argument, the interpretation of a data set, or the suitability of a design

3. �Evaluating the results of web searches and the reliability of 
information requires students to challenge the data returned by the 
search or presented on the website

Practice 2: Developing and Using Models
• �Evaluate merits and limitations of two different models of the same 

proposed tool, process, mechanism or system in order to select or revise 
a model that best fits the evidence or the design criteria.

4. �Students construct models of computing hardware and evaluate the 
merits and limitations to find one that best fits the design criteria

Practice 3: Planning and Carrying Out Investigations
• �Plan an investigation or test a design individually and collaboratively to 
produce data to serve as the basis for evidence as part of building and 
revising models, supporting explanations for phenomena, or testing solutions 
to problems. Consider possible confounding variables or effects and 
evaluate the investigation’s design to ensure variables are controlled.

5. �Students plan and test Internet searches and consider the results 
as solutions to problems (information retrieval). Students consider 
the quality of the result returns including variables that influence 
search results.

• �Plan and conduct an investigation or test a design solution in a safe and 
ethical manner including considerations of environmental, social, and 
personal impacts.

6. �Students are aware of safe Internet searches and demonstrate 
responsible use of the Internet.

• �Select appropriate tools to collect, record, analyze and evaluate data. 7. �If students use various methods to find information, this practice 
could apply.

Practice 4: Analyzing and Interpreting 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

8. �Understanding communication as data exchange involves analysis of 
the communication to model what types of information are exchanged 
as data. Determining what data to exchange to achieve a desired 
result involves optimizing a design solution

Practice 5: Using Mathematics and Computational Thinking
• �Create and/or revise a computational model or simulation of a 

phenomenon, designed device, process, or system.
9. �Understanding how computers process instructions and data (e.g., “making 

a sandwich”) involves creating computational models or simulations.

• �Use mathematical, computational, and/or algorithmic representations of 
phenomena or design solutions to describe and/or support claims and/
or explanations.

10. �Explore how computers are used as a tool for visualizing data, 
modeling and design, and art in the context of culturally situated 
design tools

Practice 6: Constructing Explanations and Designing Solutions
• �Construct and revise an explanation based on evidence obtained from 

a variety of sources 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.

11. �In discussing and considering the concept of machine intelligence 
and machines that learn, construct and revise explanations using 
evidence.

Practice 7: Engaging in Argument from Evidence
• �Compare and evaluate competing arguments or design solutions in light of 
currently accepted explanations, new evidence, limitations (e.g., trade-offs), 
constraints, and ethical issues.

12. �Evaluate different design solutions: Internet searches, data 
visualization, etc.

• �Evaluate the claims, evidence, and/or reasoning behind currently 
accepted explanations or solutions to determine the merits of arguments.

13. �Evaluate the reliability of Internet sources of information.

• �Construct, use, and/or present an oral and written argument or counter-
arguments based on data and evidence.

14. �Construct arguments for and against the idea of intelligent 
machines; create arguments based on evidence from Internet 
searches and webpages.

Practice 8: Obtaining, Evaluating, and Communicating Information
• �Gather, read, and evaluate scientific and/or technical information 

from multiple authoritative sources, assessing the evidence and 
usefulness of each source.

15. �Possibly covered if the Internet search topics are scientific and/or 
technical.

• �Evaluate the validity and reliability of and/or synthesize multiple claims, 
methods, and/or designs that appear in scientific and technical texts or 
media reports, verifying the data when possible.

16. �Evaluate different webpages for reliability of information.

• �Communicate scientific and/or technical information or ideas (e.g. about 
phenomena and/or the process of development and the design and 
performance of a proposed process or system) in multiple formats (i.e., 
orally, graphically, textually, mathematically).

17. �Present different depictions of information and describe how 
designs were created in the design tools activity.

Science, Technology, Society and the Environment: 2. Influence of Engineering, Technology, 
and Science on Society and the Natural World (9-12 Connection Statements)
• �New technologies can have deep impacts on society and the 

environment, including some that were not anticipated.  Analysis of cost 
and benefits is a critical aspect of decisions about technology.

18. �Considerations of the impact of pervasive networked 
communication mechanisms, including privacy concerns.

Data Sources
• Exploring Computer Science, Versions 5 & 6
• �Computational Thinking Practices: CS 

Principles and pact.sri.com/resources.html
• �National Research Council, 2012. A 

Framework for K-12 Science Education: 
Practices, Crosscutting Concepts, and Core 
Ideas.

• �Next Generation Science Standards (NGSS) 
released 2013.
- �Appendix F: Science 

and Engineering 
Practices in the 
NGSS

- �Appendix I: 
Engineering Design 
in the NGSS

http://pact.sri.com

Define

Attend to precision of 
criteria and constraints 

and considerations 
likely to limit possible 

solutions

Develop 
Solutions

Combine parts of 
different solutions to 
create new solutions

Optimize

Use systematic 
processes to 

iteratively test and 
refine a solution

1. �Asking questions (for science) 
and defining problems (for 
engineering) 

2. Developing and using models

3. �Planning and carrying out 
investigations

4. Analyzing and interpreting data

5. �Using mathematics and 
computational thinking

6. �Constructing explanations (for 
science) and designing solutions 
(for engineering)

7. �Engaging in argument from 
evidence

8. �Obtaining, evaluating,  
and communicating  
information

ECS Sample Lesson Annotation

Define

Practice 1: Asking Questions 
and Defining Problems

Practice 2: Developing 
and Using Models

As students work to define the 
design challenge, check to 
see that they understand the 
challenge and the constraints, 
including context, performance 
requirements, and limits to what 
a viable solution will look like.

Press students to consider 
correspondences and non-
correspondences between their 
models (storyboards) and the 
actual web page they will build. 
Discuss how the storyboard 
serves as an abstraction (a 
model) of the web page.

Prompt students to look back 
and question their original 
assumptions. Emphasize that in 
the design process, the designer 
does not define and solve a 
problem only once, but should 
consider multiple solutions and 
iteratively improve on designs.

Practice 3: Planning and 
carrying out investigations

Emphasize the importance 
of collaboration in the 
design process and give 
students feedback on their 
collaboration process.

Practice 1: Asking questions 
and defining problems

Develop Solutions

Point out to students that 
by completing these steps 
they are breaking down the 
problem into smaller chunks.

Practice 3: Planning and 
carrying out investigations

Optimize


