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Path of Totality 

 

Middle School Next Generation Science Standards Alignment 
 

 
WHAT LEARNERS DO: Use a model to explore the path of totality during a total solar eclipse. 
 
Learners will explore how the Moon’s shadow is cast upon the Earth during a total solar eclipse. 
They will discover why this event is so unique as they plot the path of totality and understand 
what a rare event this will be! Upon completion, learners will earn a limited edition Eclipse 2017 
coin to commemorate this event. 
 
NRC FRAMEWORK/NGSS CORE & COMPONENT QUESTIONS INSTRUCTIONAL OBJECTIVES (IO) 
 

WHAT IS THE UNIVERSE, AND WHAT IS 
EARTH’S PLACE IN IT? 
NGSS Core Question: ESS1:  Earth’s Place in the Universe 
 

 
 

Learners will be able to 
 

IO1:  Explain what causes the 
size and location of the 
path of totality during a 
solar eclipse. 

What is the universe, and what goes on in stars?  
 

NGSS ESS1.A:  The Universe and its Stars 
 
What are the predictable patterns caused by 
Earth’s movement in the solar system? 

NGSS ESS1.B:  Earth and the Solar System 
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1.0  About This Activity 
 
How Learners Learn: Science in the Classroom (Donovan & Bransford, 2005) advocates the 
use of a research-based instructional model for improving learners’ grasp of central science 
concepts. Based on conceptual-change theory in science education, the 5E Instructional Model 
(BSCS, 2006) includes five steps for teaching and learning: Engage, Explore, Explain, 
Elaborate, and Evaluate. The Engage stage is used like a traditional warm-up to pique student 
curiosity, interest, and other motivation-related behaviors and to assess learners’ prior 
knowledge. The Explore step allows learners to deepen their understanding and challenges 
existing preconceptions and misconceptions, offering alternative explanations that help them 
form new schemata. In Explain, learners communicate what they have learned, illustrating initial 
conceptual change. The Elaborate phase gives learners the opportunity to apply their newfound 
knowledge to novel situations and supports the reinforcement of new schemata or its transfer.  
Finally, the Evaluate stage serves as a time for learners’ own formative assessment, as well as 
for educators’ diagnosis of areas of confusion and differentiation of further instruction. The 5E 
stages can be cyclical and iterative. 
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2.0  Instructional Objectives, Learning Outcomes, Standards, & Rubrics 
 
Instructional objectives and learning outcomes are aligned with 
 

• Achieve Inc.’s, Next Generation Science Standards (NGSS) 
 
The following chart provides details on alignment among the core and component NGSS 
questions, instructional objectives, learning outcomes, and educational standards. 
 

• Your instructional objectives (IO) for this lesson align with NGSS.   
 
• You will know that you have achieved these instructional objectives if learners 

demonstrate the related learning outcomes (LO), also aligned with NGSS.  
 
• You will know the level to which your learners have achieved the learning outcomes by 

using the suggested rubrics. 
 
Important Note: This lesson is color-coded to help teachers identify each of the three 
dimensions of NGSS. The following identifying colors are used: Practices are blue, 
Cross-Cutting Concepts are green, and Disciplinary Core Ideas are orange. 
 
This color-coding is consistent with the NGSS Performance Expectations and 
Foundation Boxes. 
 
Quick View of Standards Alignment:   
 
This alignment document provides full details of the way in which instructional objectives, 
learning outcomes, 5E activity procedures, and rubric assessments were derived through, and 
align with the Next Generation Science Standards (NGSS). For convenience, a quick view 
follows:  
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WHAT IS THE UNIVERSE, AND WHAT IS EARTH’S PLACE IN IT? 
NGSS Core Question: ESS1:  Earth’s Place in the Universe 

 
What is the universe, and what goes on in stars? 

 

NGSS ESS1.A:  The Universe and its Stars 
 

What are the predictable patterns caused by Earth’s movement in the solar system? 

NGSS ESS1.B:  Earth and the Solar System 
 

 

Instructional Objective 
Learners will be able to 

Learning Outcomes 
Learners will demonstrate the 

measurable abilities 
Standards 

Learners will address 

 
IO1: Explain what 

causes the size 
and location of the 
path of totality 
during a solar 
eclipse. 

 
LO1a: Use a model to 

explore 
patterns in data 
to plot and 
locate the path 
of totality 
during a total 
solar eclipse. 

 
LO1b: Use a model to 

test the effects 
of Moon 
(baseball) 
distance on the 
size of the 
shadow cast 
upon Earth 
(wall) during a 
total solar 
eclipse. 

 
 

 
PRACTICES: 

1. Developing and Using Models 
2. Planning and Carrying Out 

Investigations 
3. Analyzing and Interpreting Data 
4. Constructing Explanations and 

Designing Solutions 
 
DISCIPLINARY CORE IDEAS: 

ESS1.A: The Universe and Its Stars 
ESS1.B: Earth and the Solar System 

 
CROSSCUTTING CONCEPTS: 

1. Patterns 
2. Cause and Effect: Mechanism and 

Prediction  
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3.0  Evaluation/Assessment 
 

Use the (N) Path of Totality NGSS Alignment Rubric as a formative assessment, allowing 
learners to improve their work and learn from mistakes during class. The rubric evaluates the 
activities using the Next Generation Science Standards (NGSS). 
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You will know the level to which your learners have achieved the Learning Outcomes, and thus the Instructional Objective(s), by using the 
suggested Rubrics below.   
 

Related Standard(s)  
 

This lesson supports the preparation of learners toward achieving Performance Expectations using the Practices, Cross-Cutting 
Concepts and Disciplinary Core Ideas defined below: (MS-ESS1-1) 
 

 
Next Generation Science Standards  

 
Instructional 

Objective Science and Engineering Practices  Disciplinary Core Idea Crosscutting Concepts 

 
IO1:  

Explain what 
causes the size 
and location of the 
path of totality 
during a solar 
eclipse. 

 
Constructing Explanations and 
Designing Solutions 
Construct an explanation using models 
or representations. 
 

 
ESS1.A: The Universe and Its Stars 
Patterns of the apparent motion of the 
sun, the moon, and stars in the sky can 
be observed, described, predicted, and 
explained with models. (MS-ESS1-1) 
 

ESS1.B: Earth and the Solar System 
This model of the solar system can 
explain eclipses of the sun and the 
moon. (MS-ESS1-1) 
 
 
 
 

 
Patterns 
Graphs, charts, and images can be 
used to identify patterns in data.  
 
Cause and Effect: Mechanism and 
Prediction 
Cause and effect relationships may be 
used to predict phenomena in natural 
or designed systems. 
 

PATH OF TOTALITY Teacher Guide 

(M) Teacher Resource. Path of Totality NGSS Alignment (1 of 2) 
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Next Generation Science Standards  

 

Learning Outcomes Science and Engineering Practices Disciplinary Core Idea Crosscutting Concepts 
 

LO1a: 
Use a model to 
explore patterns 
in data to plot 
and locate the 
path of totality 
during a total 
solar eclipse. 

 

Developing and Using Models 
Develop and/or use a model to predict 
and/or describe phenomena. 
 

Planning and Carrying Out 
Investigations 
Conduct an investigation to produce 
data to serve as the basis for evidence 
that meet the goals of the investigation. 
 

Analyzing and Interpreting Data 
Use graphical displays (e.g., maps, 
charts, graphs, and/or tables) of large 
data sets to identify temporal and 
spatial relationships. 
 

 

ESS1.A: The Universe and Its Stars 
Patterns of the apparent motion of the 
sun, the moon, and stars in the sky can 
be observed, described, predicted, and 
explained with models. (MS-ESS1-1) 
 

ESS1.B: Earth and the Solar System 
This model of the solar system can 
explain eclipses of the sun and the 
moon. (MS-ESS1-1) 
 
 
 

 

Patterns 
Graphs, charts, and images can be 
used to identify patterns in data.  
 

 

LO1b:  
Use a model to 
test the effects of 
Moon (baseball) 
distance on the 
size of the 
shadow cast 
upon Earth (wall) 
during a total 
solar eclipse.  

 

Developing and Using Models 
Develop and/or use a model to predict 
and/or describe phenomena. 
 

Planning and Carrying Out 
Investigations 
Conduct an investigation to produce 
data to serve as the basis for evidence 
that meet the goals of the investigation. 
 

Analyzing and Interpreting Data 
Use graphical displays (e.g., maps, 
charts, graphs, and/or tables) of large 
data sets to identify temporal and 
spatial relationships. 

 

ESS1.A: The Universe and Its Stars 
Patterns of the apparent motion of the 
sun, the moon, and stars in the sky can 
be observed, described, predicted, and 
explained with models. (MS-ESS1-1) 
 

ESS1.B: Earth and the Solar System 
This model of the solar system can 
explain eclipses of the sun and the 
moon. (MS-ESS1-1) 
 
 

 

Patterns 
Patterns can be used to identify cause 
and effect relationships. 
 

Cause and Effect: Mechanism and 
Prediction 
Cause and effect relationships may be 
used to predict phenomena in natural 
or designed systems. 
 

PATH OF TOTALITY Teacher Guide 
(M) Teacher Resource. Path of Totality NGSS Alignment (2 of 2) 
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Related Rubrics for the Assessment of the Instructional Objective Associated with the Above Standard(s): 

Next Generation Science Standards Alignment (NGSS) 
 

Instructional Objective Expert Proficient Intermediate Beginner 

IO1: Explain what causes the size 
and location of the path of totality 
during a solar eclipse. 

Clearly and fully articulates that the 
distance of the Moon and the size 
of the Sun are the causes of the 
small shadow during a total solar 
eclipse and is able to classify 
locations as experiencing a total, 
partial, or no eclipse with 100% 
accuracy. 

Clearly articulates that the distance 
of the Moon and the size of the 
Sun are the causes of the small 
shadow during a total solar eclipse 
and is able to classify locations as 
experiencing a total, partial, or no 
eclipse with 75 -100% accuracy. 

Claims that the size of the shadow 
cast on Earth is small because the 
Moon is smaller than Earth or 
classifies locations as experiencing 
a total, partial, or no eclipse with 
less than 50% accuracy. 

Claims that the size of the shadow 
cast on Earth is small because the 
Moon is smaller than Earth and 
classifies locations as experiencing 
a total, partial, or no eclipse with 
less than 50% accuracy. 

 

PATH OF TOTALITY Teacher Guide 
(N) Teacher Resource. Path of Totality NGSS Alignment Rubric  
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