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Session Outline
• Brief overview of NGSS and formative 

assessment
• Prioritizing Science & Engineering 

Practices (SEPs)
• Considering students’ learning pathways
• Next steps for next generation science 

formative assessment practices



Next Generation Science Standards



Content and Practice Work together 
to Build Understanding

•Scientific ideas are best learned 
when students engage in 
practices 

•To form useable understanding, 
knowing and doing cannot be 
separated, but rather must be 
learned together

•Allows for problem-solving, 
decisions making, explaining real-
world phenomena, and integrating 
new ideas

Core 
IdeasPractices

Crosscutting 
Concepts
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Scientific 
questions/ 

phenomena/ 
engineering 
problems

Science & 
Engineering 

Practices

Big Ideas of the 
disciplines: 
Disciplinary 
Core Ideas

Big ideas 
across the 
disciplines: 

Crosscutting 
concepts

Figuring out = 
Making sense 
of phenomena



Phenomenon
Natural phenomena are observable events 
that occur in the universe and that we can 
use our science knowledge to explain or 
predict. https://www.nextgenscience.org/sites/default/files/Using%20Phenomena%20in%20NGSS.pdf

Everyday: Frost on the INSIDE 
when its cold OUTSIDE

Novel: Crushed tanker car



Learning of ideas 
disconnected from questions 

about phenomena

Systems thinking and modeling 
to explain phenomena and to 
give a context for the ideas to 

be learned



Teachers posing questions 
with only one right answer

Students discussing open-ended 
questions that focus on the 

strength of evidence used to 
generate claims



What is Formative Assessment?
Formative assessment is a “... a planned, ongoing 
process used by all students and teachers during 
learning and teaching to improve student 
understanding of intended disciplinary learning 
outcomes, supporting students becoming more 
self-directed learners.” 
(CCSSO, 2017).  

#MSUEd



Overview of Formative Assessment

#MSUEd
Sadler (1989); Hattie & Timperley (2007) 

• Where are we going?
Setting learning targets and goals

• Where are we now?
Collecting evidence of current student  

understanding

• How do we get there?
Closing the gap and 

responding to 
students



Range of Formative Assessment 
Strategies

#MSUEd

Adapted from Shavelson (2003)



Turn and Talk
• In what ways do you and your colleagues use 

formative assessment when teaching science 
(e.g., what strategies are you using? what 
tools are you using?)



Shifts for NGSS-Aligned 
Formative Assessment

To measure three-dimensional learning that develops 
over time, assessments need to:
• examine how students use science and 

engineering practices in the context of crosscutting 
concepts and disciplinary core ideas;

• focus on students’ progress along a learning 
pathway rather than what is correct or incorrect at 
a particular time.

https://www.nap.edu/catalog/23548/seeing-students-learn-science-integrating-assessment-and-instruction-in-the

https://www.nap.edu/catalog/23548/seeing-students-learn-science-integrating-assessment-and-instruction-in-the


How can we…
…examine how students use science and 
engineering practices in the context of 
crosscutting concepts and disciplinary core 
ideas?



Science and Engineering Practices
• The multiple ways of knowing and doing that scientists 

and engineers use to study the natural and design world
• “Practices” as distinct from “skills” to emphasize 

knowledge that is specific to each practice
• Practices wok together – they are not separate



Crosscutting Concepts
Organizational schema for interrelating 
knowledge from various science fields



Disciplinary Core Ideas
• Have broad importance & 

are a key organizing 
concept of a single 
discipline

• Provide a key tool for 
understanding / 
investigating complex ideas 
and solving problems

• Relate to the interests and 
life experiences of 
students or be connected 
to societal issues that 
require scientific knowledge

• Be teachable and 
learnable over multiple 
grades at increasing levels 
of depth and sophistication 



Examples of 3D Formative Assessment

• High School Biology: Using a 
phenomenon to elicit student ideas

• Elementary Weather: Using student ideas 
to guide discussion



Example HS Biology



Planning the Cancer Unit
Choose a Phenomenon to guide instruction:
• Cancer
Choose a driving question based on the 
phenomenon:
• What is cancer? How might we find a cure 

for cancer?



How to Elicit Students’ Ideas
Common experience to support ALL students

Engaging and peaks students’ interest
Equitable starting point

Rich task that presents an entry point for ALL 
students

Accessibility: students know enough about the 
task or question to hypothesize about it
Power to reveal consequential ideas: get 
students talking about facets of understandings



Cancer Unit









What questions do you still have?
• Why did the cancer cells look bumpy/ 

different from the regular cells?
• Why did the cancer cells grow more 

quickly?
• Why were there so many more cancer 

cells?
• How can you slow down the cancer cells? 



Kindergarten Weather



Planning the Weather Unit
Choose a Phenomenon to 
guide instruction:
• Local weather
Choose a driving question 
based on phenomenon:
• How does the weather 

in your location change 
over time? 



Throughout the unit
• Activities that include a cascade of 

practices
• Gathering evidence of students’ ideas
• Discourse: whole class discussions & small 

group discussions
• Written work: models, explanations, 

investigation plans…



Classroom Discourse

Jordan: Are we going to have indoor recess?
Teacher: When do we have indoor recess?
Jordan: When it is rainy or snowy
Shayanne: or really really cold
Teacher: Is it any of those things today?
Students: No…
Jordan: But it is gray outside
Teacher: Okay, so how would a meteorologist talk 
about “gray outside”? 

(Wright & Gotwals, 2017)



Jordan: Partly cloudy
Shayanne: No, Cloudy
Teacher à Shayanne: 
Why do you say cloudy? Do you have 
evidence?
Shayanne: There no blue sky, no sun at all, 
no shadows on the ground
Jordan: But its not rainy, so how is it all the 
way cloudy?
Teacher: Do clouds always mean rain?
Students: No…



Turn and Talk
What is one (additional) thing that you could 
do to adapt an existing formative 
assessment strategy or task to be more 
NGSS-aligned/3-dimensional?



How can we…
…focus on students’ progress along a 
learning pathway rather than what is correct 
or incorrect at a particular time?



Learning Progressions
“Descriptions of the successively more 
sophisticated ways of thinking about a topic 
that can follow one another as children learn 
about and investigate a topic…”

Taking Science to School
National Research Council (2007)



Learning Progressions
“Descriptions of the successively more 
sophisticated ways of thinking about a 
topic that can follow one another as children 
learn about and investigate a topic…”
• Different from a progression of content                                                                     

(i.e., ordering of concepts)

Taking Science to School
National Research Council (2007)



Learning Progressions
“Descriptions of the successively more 
sophisticated ways of thinking about a 
topic that can follow one another as children 
learn about and investigate a topic…”
• Focus on how students think and                              

represent ideas
• Include partial and even incorrect 

understandings
Taking Science to School

National Research Council (2007)



Learning Progressions
“Descriptions of the successively more 
sophisticated ways of thinking about a topic 
that can follow one another as children 
learn about and investigate a topic…”
• Not developmentally inevitable
• Depend on instruction, other individual                                                             

and contextual factors

Taking Science to School
National Research Council (2007)



Simplified Learning Progression for 
Scientific Explanations

(Songer, Kelcey, & Gotwals, 2009; Gotwals & Songer, 2010) 

Level 4: Student constructs scientific explanation.
Level 3: Student makes a claim and backs it up with sufficient and 
appropriate evidence but does not use reasoning to tie the 
evidence to the claim.
Level 2: Student makes a claim and backs it up with evidence, but 
the evidence is insufficient or inappropriate. 
Level 1: Student makes a claim but does not back it up with 
evidence.
Level 0: Student does not make a claim or makes an incorrect claim. 



Part of a Learning Progression for 
Construction and Use of Scientific Models

(adapted from Schwarz et al., 2009) 

Level 3: Students view models as tools that can support their 
thinking about existing and new phenomena. 
Level 2: Students view models as a means of communicating 
their understanding, rather than as tools to support their own 
thinking. 
Level 1: Students view models as a means of showing others 
what the phenomenon looks like. 



Simplified Learning Progression for 
Force & Motion

(adapted from Alonzo & Steedle, 2009) 

Level 4: Acceleration (change in speed and/or direction) is proportional to 
applied net force (which may not be in the direction of motion).
Level 3: Velocity is proportional to applied net force.*

Level 2: Motion is directly associated with applied force.* (Force implies 
motion; motion implies force; non-motion implies no force; no force implies 
no motion.) 
Level 1: No general relationship between force and motion. Forces and their 
effects depend on properties of objects such as mass. 

*A subset of Levels 2 and 3 represents an alternative conception of force as impetus 
(that a moving object carries a force with it, proportional to its speed). 



Simplified Learning Progression for Matter & 
Energy in Carbon-Transforming Processes

(adapted from Parker, de los Santos, & Anderson, 2015) 

Level 4: Accounts reflect a sense of necessity for use of conservation rules as tools for 
analyzing processes, tracing matter and energy across scales without confounding the 
two. 
Level 3: Accounts trace matter and energy intermittently, inconsistently, inaccurately, 
or incompletely, reflecting knowledge of laws of conservation of matter and energy 
without following these rules. The accounts describe key subsystems, rather than 
actors and enablers. 
Level 2: Accounts recognize cycles, in which specific processes have specific needs. 
The material inputs and outputs involved are typically restricted to what is visible and 
a few specific gases and are not transformed following scientific rules such as 
conservation of matter. 
Level 1: Accounts focus on visible elements and involve actors that use enablers to 
fulfill their needs. Materials may appear or disappear, or the fate of materials may 
not be part of the story at all. 



Role of Classroom 
Experience
• Research-based learning progressions don’t 

exist for many topics in the curriculum
• But… experience with students tells us a lot 

about what learning progressions are 
designed to represent:
• How students’ knowledge/practices change                                  

over time
• Including learning difficulties
• Including learning resources

• How students are likely to display 
knowledge/practices



How Can Learning Progressions Help? 

Support for 
Students

ACTIONACTIONABLE 
FEEDBACK

FORMATIVE 
INFORMATION

What Support 
Students Need????

Learning 
Progression
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Support for 
Students

ACTIONACTIONABLE 
FEEDBACK

FORMATIVE 
INFORMATION

What Support 
Students Need????

Learning 
Progression

How Is This Useful? (A Contrast)

Teach/re-teach 
X

Right/Wrong 
Information

Students need 
to know X



Middle School Force and Motion



Force & Motion Example

Level 4: Acceleration (change in speed and/or direction) is proportional to 
applied net force (which may not be in the direction of motion).
Level 3: Velocity is proportional to applied net force.*
Level 2: Motion is directly associated with applied force.* (Force implies 
motion; motion implies force; non-motion implies no force; no force implies 
no motion.) 
Level 1: No general relationship between force and motion. Forces and their 
effects depend on properties of objects such as mass. 

*A subset of Levels 2 and 3 represents an alternative conception of force as impetus 
(that a moving object carries a force with it, proportional to its speed). 



Force & Motion Example
Where are 
students’ 
current 

knowledge/ 
practices 

relative to a 
model of how 

learning 
progresses? Are students 

experiencing 
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difficulties?
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learning 
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What are 
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models of the 
relationship 

between force 
and motion?

Do students 
have the 
impetus 

conception? 



Force & Motion Example
Formative information:
• What are students’ current models of the relationship 

between the force acting on an object and its motion? 
• Do students have the impetus conception?

Derek throws a stone straight up into the air. It leaves his hand, goes up through 
point A, gets as high as point B and then comes back down through A again.

Ignoring air resistance, what force(s) are acting on the stone when it is moving up
through point A?

Below, draw the force(s)( acting on the stone. Be sure to label each force. 



Force & Motion Example: 
Sample Response

Derek throws a stone straight up into the air. It leaves his hand, goes up through 
point A, gets as high as point B and then comes back down through A again.

Ignoring air resistance, what force(s) are acting on the stone when it is moving up
through point A?

Below, draw the force(s)( acting on the stone. Be sure to label each force. 
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Force & Motion Example: Support for Students

ACTIONACTIONABLE 
FEEDBACK

FORMATIVE 
INFORMATION

Where are 
students’ current 

knowledge/ 
practices relative 

to a model of 
how learning 
progresses? 

Students need to 
take the next step in 

the model of 
cognition

Support the next 
step in the model of 

cognition

Are students 
experiencing 

known learning 
difficulties?

Students need to 
overcome the 

specific learning 
difficulty

Support students 
in overcoming the 
specific learning 

difficulty



Force & Motion Example: Support for Students
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Students need to 
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Level 3 to Level 3
Decouple direction 
of net force from 

direction of 
motion.

Students need to 
overcome the 

impetus 
conception



Force and Motion Example: 
Support for Students 

• ACTION:
• Decouple direction of net force from direction of 

motion

• Provide feedback to students
• “Look at your model. If you applied the same net 

force to a cart, how would it move?”
• Adapt instruction to meet identified learning 

needs
• Investigate: Can an object move in a direction 

that is opposite to the direction of its net force? 



• What knowledge/practices do you want students to develop? 
• How do your most struggling students typically display these before 

instruction?
• What knowledge/practices/experiences do students bring that help 

them to learn this topic? 
• What difficulties do students experience with this topic?
• What do students’ efforts look like as they begin to learn the 

knowledge/practice? As they learn a bit more? 
• What stumbling blocks do students typically encounter as they move 

from their initial to targeted knowledge/practices? 

Taking a “Learning 
Progressions Approach”



Thank you!
Amelia Wenk Gotwals (gotwals@msu.edu)
Alicia C. Alonzo (alonzo@msu.edu)
Julie Christensen (jachris@msu.edu) 
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