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What will we do today?
•Discuss what is meant by 
active learning

•Experience and make 
sense of some 
phenomena

•Allow time for questions, 
discussion and interaction
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What powers 
a hurricane?

Ask Questions, Collect, 
Analyze and interpret 
data, Develop Models. 
Argue from Evidence, 
Develop explanations
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What powers 
a hurricane?

Ask questions? Collect, 
Analyze and interpret 
data, Develop models, 
Argue from Evidence. 
Develop explanations

Electrostatic Forces 
between Objects

Energy at the 
macroscopic scale can 
be accounted for as a 
energy associated with 
the motions of particles 

(objects) and energy 
associated with the 
relative positions of 
particles (objects)
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“Figuring Out” vs. “Learning About” 

•Explanatory ideas are important so 
that students are figuring out 
phenomena and not just learning 
about facts and details.

•Science and engineering practices 
build explanatory ideas.



Central Role of Phenomena
•Phenomena spark questions.
•A sequence of investigations is required to figure 
out part of the story.

•An investigation often leads to further questions 
about phenomena, so each lesson builds on the 
previous one and enhances students’ 
explanations in a stepwise manner.

•The focus of 3-dimensional learning – use of 
practices, core ideas and crosscutting concepts



At what temperature does water boil?
•Why does water boil at 
100°C?

•Why does water,H2O, a 
relatively light molecule 
boil at 100°C when 
carbon dioxide, CO2, a 
much heaver molecule 
compared to water, boils 
at a much lower 
temperature, -57°C?



Let’s examine the boiling of water a 
bit more

• A range of electrical forces with varying strengths tend to 
dominate the interactions between objects and/or matter.

• There is a single quantity called energy due to the 
remarkable fact that a system’s total energy is conserved.

• Energy is best understood at the microscopic scale, at 
which it can be  modeled as either motions of particles or 
as stored in force fields.



What’s the point?
Electrical	Interactions	is	a	core	idea	in	NGSS,	yet	
few	of	our	students	today	understand	this	
essential	idea!

Moreover,	NGSS	focuses	on	students	making	
sense	of	diverse	phenomena	by	using	this	core	
idea.		



How are all of these phenomena, events we 
experience in everyday life, related?

A range of electrical forces with varying strengths tend to 
dominate the interactions between objects and/or 

matter.

 

http://www3.ocn.ne.jp/~herpsgh/yamorikabe.jpg
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Scientific and Engineering 
Practices

Asking	questions	and	defining	
problems

Developing	and	using	models
Planning	and	carrying	out	

investigations
Analyzing	and	interpreting	

data

Using	mathematics	and	
computational	thinking

Developing	explanations	and	
designing	solutions

Engaging	in	argument	from	
evidence

Obtaining,	evaluating,	and	
communicating	
information

The practices work together – they are not separated!

The multiple ways of knowing and doing that scientists and 
engineers use to study the natural world and design world.



3-Dimensional Learning
• What is it?  Integrating the three 

dimensions (core ideas, crosscutting 
concepts and scientific and engineering 
practices) to focus instruction and 
assessment on students making sense 
of phenomena or designing solutions to 
problems.

• Three-dimensional learning shifts the 
focus of the science classroom from 
learning about ideas to environments 
where students use core ideas, 
crosscutting concepts with scientific 
practices to explore, examine, and 
use science ideas to explain how and 
why phenomena occur.
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Our Challenge
Build learning environments that:
• Foster deep and integrated understanding 

(useable knowledge) of important ideas
• Engage students, i.e., create optimal 

learning environments,  in learning 
science

• Support students in developing important 
scientific practices and 21st century 
competencies

• Support students to solve problems, make 
decisions and think innovatively



Project–based science units provide a framework for 
enhancing learning 

What are the features of a PBL unit? 

• Meet important learning goals
• Pursue solution to a meaningful question
• Explore the question by participating in authentic, situated 

inquiry to “figure out” why phenomena occurs
• Engage in collaborative activities to find solutions
• Use learning tools and other scaffolds to help students 

participate in activities normally beyond their ability
• Create artifacts – tangible products – that address the driving 

question 



Purpose and Goals

20

New approaches of teaching interactions governed by electric forces 

• Focusing on the electrical interactions among atoms and molecules will 
support students in understanding inter- and intra molecular bonding 
and avoid an over-dependence on memorized rules (Levy Nahum, 
2007; Taber & Coll, 2002).

• Students need support to understand and apply scientific ideas and 
models that explain a broad range of phenomena related to electrical 
interactions.

Promote students 
building 
explanations and 
models about key 
phenomena in 
various disciplines

Support students 
understanding of 
interactions 
governed by 
electric forces

Provide a 
foundation for a 
broad range of 
future STEM 
learning



Design principles
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• Core idea
• PS1: Matter and its interactions
• PS2: Motion and stability: Forces and interactions
• PS3: Energy

• Scientific practices
• Developing and using models
• Analyzing and interpreting data
• Constructing explanations
• Obtaining, evaluating, and communicating information

• HS-PS2-4. Use mathematical representations of Newton’s Law of 
Gravitation and Coulomb’s Law to describe and predict
the gravitational and electrostatic forces between objects. 

• MS-PS2-5. Conduct an investigation and evaluate the experimental 
design to provide evidence that fields exist between objects exerting 
forces on each other even though the objects are not in contact. 

Link to the Framework and NGSS



Design principles
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• Performance driven learning goals for task development

• Develop and use models of electrostatic interactions to 
provide mechanistic causes for and make predictions about 
the behavior of one or more charged objects. (Part 1)
• By the end of this part, students should have models of electrostatic 

interactions that includes: patterns in the way that charged objects 
interact, representations of electrostatic interactions within the electric 
fields to represent a qualitative concept of Coulomb’s Law.

Learning goal focused 

• Phenomena and examples from everyday life
• Use of Driving Questions

• Why do some things stick together while other things don’t?

Contextualization



Design principles
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• Electronically delivered student material
• Combination of physical representation and computer representation
• Interpreting various representation and building own models by 

hand-on activity in which learners experience phenomena, using 
simulation and drawing tools

Multiple representation 

• Developed storyline to support intra and inter connection 
• Revisiting previous activities and revise students’ ideas

Coherence  



• A scientific model…
• …represents the objects 

and the relationships among 
them to explain and predict 
phenomena

• …provides a causal 
mechanism that accounts 
for the phenomenon

• …could be depicted as a 
drawing, diagram, 3-D, or 
other representation

• …but only representations 
that explain and predict 
phenomena are scientific 
models

Developing and using scientific models

Models explain or predict how and why phenomena happen



Steps in developing a model

•Plan:  What objects do you need in your model? What 
factors or variables are associated with each of the 
objects?

•Build:  What relationships exists between each of the 
factors/variables?

•Use/Test:  Do the set of relationships you developed, 
provide a causal account (i.e., does it explain the 
phenomena? does it account for all the evidence?)?

•Revise:  Does your model still provide a causal account 
for any new evidence or other phenomena? How should 
it be changed? Based upon feedback and further 
evidence, how can the model be revised to explain the 
phenomena?  

•Share:  What feedback do others have of your revised 
model?



Interactions
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Driving Question:  Why do some 
things stick together and other 
things don’t?

Four units that build on each other:
• Unit 1: Why do some clothes stick together 

when they come out of the dryer?
• Unit 2: How does a small spark trigger a 

huge explosion?
• Unit 3: What powers a hurricane?
• Unit 4: Why is a temperature of 107 

degrees deadly?



Activity 1:  Why do some things stick together and other 
things don’t? Experiencing some phenomena:



Activity 2: What 
are some patterns 
in how things stick 
together or push 
apart?
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What have we learned?
• Students learning increased as measured by tasks that align to NGSS 

performance expectations. https://concord.org/projects/interactions
– Statistically significant increase in performance on assessment tasks with an 

effect size of 0.99.
• Students perceptions positively influenced there perception of  cognitive 

and affective constructs
– students' overall perceptions of engagement in scientific practices predicted 

posttest performance (ß=0.14, R2=16%)
– students' overall perceptions of engagement in scientific practices influence their 

affective interest in the activities (ß=0.34; R2=11%) and their perceptions of 
cognitive interest (ß=0.35; R2=12%)

• Students can create models to explain a wide range of phenomena using 
electrical interactions.

• With professional learning, teachers are able to enact the materials with 
fidelity and find the materials value for student learning and interest.

– Teacher video

Thanks to Steven McGee, Learning Partnership



Interactions Materials
Learn More about Interactions:
• http://create4stem.msu.edu/project/forces
• http://create4stem.msu.edu/story/interactions-

phenomenal-new-approach
• https://concord.org/projects/interactions

Use the Interaction materials:
• https://concord.org/projects/interactions

View videos of Interactions:
• http://ngss.nsta.org/ngss-videos.aspx
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Questions??????
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• Questions about 3-dimensional 
learning?

• Questions about active learning
• Questions about Interactions?

http://tinyurl.com/PAEMST2016

Contact information:  krajcik@msu.edu
twitter:  @krajcikjoe


