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• A non-governmental organization founded in 1863
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• Address critical national issues and give advice to the federal 

government and the public 
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• Review research on science investigation and engineering design for 
middle and high school students conducted since publication of 
America’s Lab Report (National Research Council, 2006)

o Review will include research and evaluations of innovative 
approaches, such as computer modeling or use of large on-line 
data sets that have become more widely available since 
publication of the original report. 

• Provide guidance for designing and implementing science 
investigation and engineering design for middle and high school 
students taking into account the new vision for science education 
embodied in the Framework for K-12 Science Education (National 
Research Council, 2012) and standards based upon it.

Committee Charge



• K-12 Science Education Past and Present

• Learning and Motivation 

• How Students Engage with Investigation and Design 

• How Teachers Support Investigation and Design

• Instructional Resources for Supporting Investigation and Design

• Preparing and Supporting Teachers to Facilitate Investigation

• Space, Time, and Resources

• The Education System and Investigation and Design

• Conclusions, Recommendations, and Research Questions

Report Chapters



POLL

Students should do science investigation or engineering design in class in order 
to demonstrate that their knowledge of science. 

Strongly Agree  Agree Disagree Strongly Disagree

Students should do science investigation or engineering design in class in order 
to make sense of the world around them. 

Strongly Agree  Agree Disagree Strongly Disagree

Students should participate in science investigation or engineering design in 
class in order to get them interested in science. 

Strongly Agree  Agree Disagree Strongly Disagree



Context of our Study



Investigation and Design at the Center
• Science investigation and engineering design should be at the CENTER 

of teaching and learning science. Teachers need to build classes around 
students investigating phenomena and designing solutions.

• In these classes, students work to make sense of the causes of 
phenomena or solve challenges in a way that uses all three dimensions 
of the Framework in concert and with increasing depth and 
sophistication, making connections between ideas and concepts.  

−For example, students design a solution (a practice) for a device 
(crosscutting concept: structure & function) that collects plastics 
that have made their way to a local waterway and are causing
native marine life to die prematurely (crosscutting concept: 
cause/effect).





The Power of Investigation and Design
Teachers can use students’ curiosity to motivate learning by 
choosing phenomena and design challenges that are interesting 
and engaging to students, including those that are locally and/or 
culturally relevant. 

Science investigation and engineering design entail a dramatic shift 
in the classroom dynamic. Students ask questions, participate in 
discussions, create artifacts and models to show their reasoning, 
and continuously reflect and revise their thinking. Teachers guide, 
frame, and facilitate the learning environment to allow student 
engagement and learning. 

Inclusive pedagogies can support the learning of all students by 
situating differences as assets, building on students’ identities and 
life experiences.



Centering classes on science investigation and engineering 
design means that teachers provide multiple opportunities for 
students to demonstrate their reasoning and show understanding 
of scientific explanations about the natural world. Providing 
opportunities for teachers to observe student learning and 
embed assessment into the flow of learning experiences allows 
students as well as teachers to reflect on learning. 

Instructional resources are key to facilitating the careful 
sequencing of phenomena and design challenges across units and 
grade levels in order to increase coherence as students become 
increasingly sophisticated science and engineering learners. 

Instruction for Investigation and Design



RECOMMENDATION 1: 
Investigation and Design is Central 

• Teachers arrange their instruction around phenomena or 
design projects. 

• Administrators support teachers by providing 
• Instructional resources 
• Sustained professional learning experiences 
• Opportunities for teachers to work collaboratively to  

design learning sequences that are interesting and 
relevant  

• Time to learn about inclusive pedagogies



RECOMMENDATION 2: 
Three-dimensional science and engineering 

performances

• Teachers monitor learning via ongoing, embedded, and 
post-instruction assessment

• Teachers use formative assessment tasks and discourse 
strategies 

• Students share, develop and revise their ideas

• Teachers use evidence from formative assessment to guide 
instructional choices



RECOMMENDATION 3: 
Instructional resources consistent with the 

Framework and knowledge about how 
students learn

• Teams of teachers and designers of instructional resources
• Develop coherent sequences of lessons 
• Include information on strategies and options to 

increase relevance to students’ backgrounds, cultures, 
and place 

• Administrators provide access to 
• High-quality instructional resources
• Space
• Equipment
• Supplies 



Teacher Guidance

The full Interactive Infographic is 
available at 
https://www.nap.edu/resource/2
5216/interactive/



Questions?



Teacher Guidance

The full Interactive Infographic is 
available at 
https://www.nap.edu/resource/2
5216/interactive/



Make Sense of Phenomena and Design Challenges

https://www.nap.edu/resource/25216/interactive/



Make Sense of Phenomena and Design Challenges

Phenomena that students will find 
interesting/ 
relevant/relatable/compelling –
developing a need to know.

Phenomena need to be complex to 
engage learners in using all three 
knowledge dimensions - DCIs, CCC, 
scientific practices 

How students develop and use 
questions – have them experience 
phenomena and based on that 
experience ask questions!  

Possible compelling and 
complex phenomena:  

Why can you eat some 
substances like table salt 
(NaCl) but the components 
(Sodium and Chlorine) are 
toxic?

How can I design a vehicle to 
be safer for a passenger 
during a collision?

How healthy is our stream for 
fresh water organisms? How do 
our actions on land impact the 
stream and the organism that 
live in it?  



Gather and Analyze Data and Information

https://www.nap.edu/resource/25216/interactive/



Gather and Analyze Data and Information



Construct Explanations and Design Solutions

https://www.nap.edu/resource/25216/interactive/



Construct Explanations and Design Solutions

Use Evidence 
• Is it sufficient?  
• It is appropriate?
• Can stem from 

qualitative and 
quantitative data

Develop Arguments
• What is the most 

appropriate claim?
• Does the claim fit the 

evidence?  



Construct Explanations and Design Solutions

Design and Test 
Solutions
• Criteria and 

Constraints 
• Iterative cycles of 

testing and redesign 



Communicate Reasoning to Self and Others

https://www.nap.edu/resource/25216/interactive/



Communicate Reasoning to Self and Others
• Discourse
• Talk Moves
• Eliciting and Supporting Student Ideas
• Inclusive Discussions
• Using Student Ideas to Construct Explanations



Resources for 
Teacher Guidance

Ambitiousscienceteaching.org



• Artifacts and representations
• models
• written reports 
• videos
• blogs
• computer programs
• presentations

Communicate Reasoning to Self and Others



Communicate Reasoning to Self and Others



Connect Learning Through Multiple Contexts

https://www.nap.edu/resource/25216/interactive/



Connect Learning Through Multiple Contexts

Coherent curricula

A storyline is a coherent 
sequence of lessons, in 

which each step is driven by 
students' questions that 

arise from their interactions 
with phenomena (NGSS 

Storylines, 2017)



Inclusive Pedagogies

(Wilson-Lopez et al., 2018)

Leveraging student 
experiences to support their 
science learning



• Concept Project: Bioengineering and Shoe Design (kinds 
of challenges)

• What role do engineers play in the analysis & design of 
sneakers?

Inclusive Pedagogies



Upcoming Webinar

Professional Learning for Investigation and Design 
March 28 at 1pm EDT

More Information and registration links for the webinar can be found at 
nas.edu/Science-Investigation-and-Design


