
Grade 8 Instructional Segment 2 !
In Instructional Segment 2, students develop and use models of the Earth-Sun-Moon 

system (MS-ESS1-1). This system involves a variety of effects caused by 3 different 

solar system objects, 2 different orbits, and Earth’s rotation on its axis. Associated 

phenomena include Moon phases, eclipses, and the lengths of a day, a month, and a 

year. Students need to be able to vis 

ualize phenomena from the perspective of an observer from space in addition to their 

familiar Earth-bound perspective. In the course of their exploration, students will 

practice using and developing models and directly experience that different kinds of 

models inherently have advantages and limitations.  

Typically in educational settings, students have been presented with established models 

that resulted from decades or centuries of observations and investigations. Over those 

long periods of time scientists developed, argued about and revised models to explain 

observed phenomena, and they made predictions that could be tested based on 

different models. In NGSS classrooms, the pedagogic philosophy is to have students 

engage more in the science and engineering practices involved with building models 

rather than simply showing them the current consensus completed models. Instructional 

materials and teachers can choose the relative amount of emphases to place on 

developing models and on using established models. The vignette below illustrates one 

way of balancing both the developing models and the using models aspects of 

scientific modeling in the context of phases of the Moon.   

  

Vignette: Using and Developing Models of the Moon’s Phases 
 (Adapted from NGSS Lead States 2013a, Case Study 3) !

The vignette presents an example of how teaching and learning may look like in the 

classroom when the CA NGSS are implemented.  The purpose is to illustrate how a 

teacher engages students in three-dimensional learning by providing them with 

experiences and opportunity to develop and use the science and engineering practices 

DRAFT CA Science Framework-Chapter 6: Grades 6-8 Preferred Integrated Model  
Page !  of !  1 20!



and the crosscutting concepts to understand the disciplinary core ideas associated with 

the topic in the Instructional Segment. 

It is important to note that the vignette focuses on only a limited number of performance 

expectations (PE’s). It should not be viewed as showing all instruction necessary to 

prepare students to fully achieve these PE’s or complete the Instructional Segment. 

Neither does it indicate that the PE’s should be taught one at a time, nor that this is the 

only way or the best way in which students are able to achieve the indicated PE’s.  

Introduction 
During Instructional Segment 1, Ms. O had strategically alerted students to observe the 

Moon in the sky throughout multiple days and to record changes in what they saw. 

Also, she often started the day by showing pictures of the Moon she had taken with her 

cell phone or had found online, and she posted students’ or her pictures with a label 

indicating date and time. Most of the students knew already that the Moon appears 

different across different days of the month. Students also had calculated based on their 

observations that it takes the Moon about 29 days to complete its cycle. Most of them, 

however, had not observed the Moon during daytime, and they were surprised when 

they observed it during daylight. 

Introduction - Exploring calendars and heavenly motions 
Ms. O began the first day of Instructional Segment 2 by reminding students that the 

cycle of Moon phases takes 29.5 days. As a whole class, they agreed that this time 

duration was related to how long it took the Moon to go around the Earth. She then 

asked students to discuss with a partner what they would need to know in order to 

calculate how fast the Moon must be moving around Earth. After students agreed that 

they needed to know the distance of the Moon’s complete orbit, Ms. O told them that the 

distance was about 2,400,000 km (1,500,000 miles). Based on the number of days, they 

calculated the Moon’s orbital speed to be about 3,400 km/hour (2,100 miles/hour).  

After discussing that the notion of a month was based on the time it takes for the Moon 

to complete one cycle, Ms. O challenged the students to work in groups to develop two 
different models of the Earth-Sun system that would explain what causes Earth’s day/

night cycle. She provided data about Earth’s diameter, Earth’s circumference, the 
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average distance from Earth to the sun, the total distance of Earth’s annual orbit around 

the sun, the number of hours in a day, and the number of days in a year. For each of the 

two models, students calculated the speed of an important motion that explained why 

there are 24 hours in a day. After much discussion and sharing, students were able to 

demonstrate both a heliocentric model (Earth rotating at about 1,000 miles per hour) 

and an Earth-centric model with the Sun speeding around the Earth at about 70,000 

miles per hour.  

Ms. O reminded the class that scientists use models to explain phenomena and to 
make predictions. She then displayed an illustration showing that Eureka, California 

and New York City are at about the same latitude, and are about 3,000 miles apart. She 

asked them to predict based on the Sun-centered model what the time difference 

would be between the two cities, and to explain using that heliocentric model what 

direction Earth must be rotating with respect to the Sun. 

The introduction to the Earth-Sun-Moon System ended with students comparing lunar 

and solar calendars. They discussed in groups whether a culture that had developed a 

lunar calendar of 12 months and a solar calendar of 365 days would experience any 

calendar problems over the course of a decade. Based on those discussions, Ms. O 

offered extra credit to any team that wanted to research and later make a presentation 

to the class how a specific culture reconciled lunar and solar calendars to organize 

information about agriculture, seasons, holidays, or the positions of planets and stars in 

the night sky. While only a few groups started these research projects, many students 

commented that these class periods had helped them understand our peculiar system 

of months with different amounts of days, and also why our calendars include an extra 

leap day every four years. 

Exploring Earth-Sun-Moon relationships 
Ms. O transitioned to tangible representational models by providing student groups with 

rulers, tape measures, and a variety of spherical objects. She asked each group to 

select an object to represent Earth, a suitably sized object to represent the Moon, and to 

predict how far apart those two objects would need to be in order to accurately scale 

the actual distance separating Earth and Moon. After they shared and discussed their 
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initial ideas, Ms. O provided data about the diameters of Earth and Moon as well as the 

distance separating them. Student groups then adjusted their models appropriately, and 

made presentations explaining their current model and the adjustments they had made. 

Ms. O downloaded an open-source planetarium software onto her interactive 

whiteboard- connected computer. Ms. O launched the program on the interactive 

whiteboard, introduced the students to the software, and showed them how to change 

the date and set up the scale Moon so they could see the phases. Each student then 

created a 5-week calendar that they could use to collect data obtained via the 

software. Ms. O also showed how the Moon’s and Earth’s orbital planes are offset by 5 

degrees to help students understand how sunlight can illuminate the Moon and not be 

blocked by Earth’s shadow when the Moon is on the other side of Earth.   

Using the projected computer model, students as a whole class recorded data for the 

first three days on their calendar. Students recorded the time and direction of moonrise 

and moonset as well as the apparent shape of the Moon in the sky for each of those 

days.  To make sure that students understood the process and were recording 

accurately, Ms. O walked through the room and checked student work throughout the 

lesson.  

Once Ms. O was satisfied that the students had a foundation for data collection, she 

held the next class session(s) in the school computer lab. Students worked individually 

and/or with a partner to complete the data collection about moonrise, moonset and 

shape of the Moon for the five weeks on their calendar. Group and whole class 

discussions back in the classroom helped elucidate key patterns and key concepts 

related to light and shadows. 

In the next lesson set, students modeled Moon phases using Styrofoam balls, their 

heads, and a lamp with a bare bulb (Figure 11).  In small groups students stood in a 

circle around a lamp representing the Sun, holding a Styrofoam ball on a stick 

representing the Moon. They took turns holding the ball at arm’s length and rotating their 

bodies using their heads as a representation of Earth. In this way, they could see the lit 

portion of the ball as an “Earth view” of the Moon in its different phases. Each student 

made drawings in his/her notebook to illustrate and summarize what they had seen. 

!
  Page !  of !  4 20



Small groups allowed Ms. O to make sure that all students could see the lit portion on 

the Styrofoam balls for each phase and were able to accurately illustrate the phases in 

the model, giving her the opportunity to help them as necessary.  She frequently 

checked with students in the groups to have them show each other how their 

notebook drawing illustrated the pattern of connections between Moon orbital 

position and Moon phase. 

Using and Developing Models of Moon Phases Modeling with a Styrofoam Ball  

Figure 11: 

Students model 
Moon phases using 
a bright light and a 
Styrofoam ball on a 
stick. 

!!
!
Ms. O challenged students to develop a two-dimensional drawing model on a sheet of 

chart paper where they could compare an “Earth View” and a “Space view” of the 

phases of the Moon over the course of a month. They engaged with this activity while 

taking turns with the Styrofoam ball/big light setups. After all groups had engaged with 

that setup and their attempts to develop a two-dimensional model showing both the 

Earth-centered and space perspectives, each group posted a chart paper 
communicating its current modeling effort.  Each group then examined at least two 

other groups’ models and put color-coded sticky notes on those models noting what 
they liked (green), what they were not sure about (yellow with a question included), 

and any aspects that they thought should be changed and why (orange).  

Each group then considered what they had seen in other groups’ models and also the 

post-it comments that had been posted on their model. Students then had opportunities 

to discuss/revise their model, and engage in discussions with other groups and with 

the whole class. As a result, the whole class then agreed to a consensus model (Figure 

12) that was recommended (but not mandatory) for the ensuing lessons and modeling. 

In this consensus two views model, students could draw a box associated with each 
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Moon position and show in that box the way that the Moon looked as observed from 

Earth at that particular time of the monthly cycle. 

Two Views Moon Phase Model 

!  
Figure 12:Organizing model for correlating a “Space view” (planet Earth showing eight 
Moon orbital positions) and an “Earth view” (drawing in a box what the Moon looks like 
from Earth at each of eight Moon orbital positions). 

Ms. O then introduced another type of physical model showing Moon phases. This 

model used golf balls that were painted black on half of the sphere, leaving the other 

half showing the side of the Moon lit by the Sun.  The golf balls were drilled and 1

mounted on tees so they would stand up on a surface.  Ms. O had two sets – one set up 

on a table that showed the Moon in orbit around the earth in eight phase positions as 

the “Space view” model (left side of Figure 13), and the other set with the model Moons 

set on eight chairs circled in the eight phase positions to show the “Earth view” model 

(right side of Figure 13). 

Student groups rotated in exploring these space view and Earth view models. For the 

Earth view model, one at a time students physically got into the center of the circle of 
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chairs and viewed the phases at eye level. They drew in their notebooks what they 

observed in each of the models and their interpretations of those observations. Then 

each group used these experiences to complete their two-dimensional two-view model 

either using as a format the class consensus model (based on Figure 12) or their own 

special model. They then had opportunities to share with other groups and the whole 

class how their model illustrated and explained the sequence of all the phases of the 

Moon.  

Space and Earth View Moon Phases with Painted Golf Balls 

!    !  

Figure 13: Space view (left) and Earth view (right) models of Moon phases using golf 
balls painted black on half of the sphere. 

Throughout the lesson sequence, Ms. O continually formatively assessed students’ 

progression of learning through observations and classroom discourse.  She was 

pleased to note that this succession of activities made it easier for students to both 

develop and use the two-view diagram, which is often found in books and worksheets. 

In previous years, students had more problems understanding this model, and she had 

almost decided to stop using it.  

Modeling Expanded to the Solar System 
Ms. O reminded students how they had used balls to appropriately model the sizes of 

Earth and the Moon as well as the distance separating them. She then handed out a 

chart with the size of the Sun and the sizes of the eight planets including their average 

distances from the Sun. Students then worked in groups to create a physical model of 

the solar system that accurately represented the scale of these sizes and distances.  

The other criterion for their modeling was that their entire solar system model had to fit 

within the length of a football field. They could also choose to enhance their models by 

including other resources (e.g., photos or hands-on materials) that could be displayed at 
!
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the different planet locations to provide additional data about the properties of those 

solar system objects. 

Through this activity students gained more experiences with the crosscutting concepts 

of scale and proportion and also with mathematical thinking about ratios and 

proportions.  Some of the students used and referred other students to NASA solar 

system resources such as Solar System Math.  At the end of the solar system modeling, 2

Ms. O provided an additional handout that included information about nearby stars, the 

Milky Way Galaxy and more distant galaxies. She wanted to help students realize the 

huge scales of distances in the universe as a comparison for the huge scale of 

geologic time that would be featured in the next Grade 8 Instructional Segment. 

NGSS Connections and Three-Dimensional Learning 

Performance Expectations

MS-ESS1-1 Earth’s Place in the Universe 
Develop and use a model of the Earth-sun-moon system to predict and describe the 
cyclic patterns of lunar phases, eclipses of the sun and moon, and seasons. !
MS-ESS1-3 Earth’s Place in the Universe 
Analyze and interpret data to determine scale properties of objects in the solar 
system.

Science and engineering 
practices

Disciplinary core ideas Crosscutting concepts
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!
Vignette Debrief 
The CA NGSS require that students engage in science and engineering practices to 

develop deeper understanding of the disciplinary core ideas and crosscutting concepts. 

The lessons give students multiple opportunities to engage with core ideas in space 

science (Moon phases and the solar system), helping them to move towards mastery of 

the three dimensions described in the CA NGSS performance expectations (PE’s). 

In this vignette, the teacher selected two performance expectations and in the lessons 

described above she engaged students only in selected portions of these PE’s. Full 

mastery of the PE’s will be achieved throughout subsequent Instructional Segments. 

Students were engaged in a number of science practices with a focus on developing 

Developing and Using 
Models 
Develop and use a model to 
describe phenomena. !
Analyzing and 
Interpreting Data 
Analyze and interpret data 
to determine similarities and 
differences in findings

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. 
ESS1.B Earth and the 
Solar System 
The solar system consists 
of the sun and a collection 
of objects, including 
planets, their moons, and 
asteroids that are held in 
orbit around the sun by its 
gravitational pull on them. 
This model of the solar 
system can explain tides 
and eclipses of the sun 
and the moon. 

Patterns 
Patterns can be used to 
identify cause-and-effect 
relationships !
Scale, Proportion, and 
Quantity 
Time, space, and energy 
phenomena can be 
observed at various scales 
using models to study 
systems that are too large 
or too small.

Connections to the CA CCSSM:  
MP.4; 8.F.1–5

Connections to CA CCSS for ELA/Literacy: RST.6–8.2, 3; WHST. 6–8.7; SL.8.1, 4

Connection to CA ELD Standards:  
ELD.PI.6-8.1, 9
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and using models and analyzing and interpreting data. Space science lends itself 

well to the use of models to describe patterns in phenomena and to construct 

explanations based on evidence. 

CCSS Connections to English Language Arts and Mathematics 

Students are engaged in small group work activities, both listening to their peer’s ideas 

and sharing their own thoughts. CDE: any other connections to CA CCSS for ELA??  

When comparing sizes and distances, students were challenged to find ways of 

comparing numbers, applying the CA CCSSM Standard for Mathematical Practice 1 

(MP.1). In addition, students used rounding and estimation to calculate the quotients in 

the ratios, both skills developed in earlier grades. Throughout the Instructional Segment, 

students reasoned quantitatively as they compared the sizes of the Earth and Moon, 

Standard for Mathematical Practice 2 (MP.2). As students made conclusions about 

which ball was the moon, they argued for their selection and agreed or disagreed with 

each other using their calculation, Standard for Mathematical Practice 3 (MP.3) 

!
MP.1 Make sense of problems and persevere in solving them. 

MP.2 Reason abstractly and quantitatively. 

MP.3 Construct viable arguments and critique the reasoning of others. 

!
!
Instructional Segment 2 Teacher Background and Instructional Suggestions 
In addition to large-scale phenomena involving gravity such as the Moon phases and 

the solar system, during Instructional Segment 2 students return to investigating local 

phenomena involving forces and motions. Just as calculations of Earth’s rotational and 

orbital velocities were used in the vignette to link Instructional Segments 1 and 2, 

drawing force diagrams can be used to link the local phenomena investigated in 

Instructional Segment 1 as they are revisited and applied to the solar system in 

Instructional Segment 2 (see Snapshot). 

!
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Instructional Segment 2 Snapshot: 
Gravity and the Flashing Laser Lanterns 

This snapshot presents an example of how teaching and learning may look like in the 

classroom when the CA NGSS are implemented.  The purpose is to illustrate how a 

teacher engages students in three-dimensional learning by providing them with 

experiences and opportunities to develop and use the Science and Engineering 

Practices and the Crosscutting Concepts to understand the Disciplinary Core Ideas 

associated with the topic in the Instructional Segment. A Snapshot provides fewer 

details than a Vignette. 

!
!
!

Dropped Flashing Laser Lanterns Observed From Space 

!  
Figure 14: Identical flashing laser lanterns were simultaneously dropped from hot air 
balloons 1,000 meters above the ground at positions A, B, C, D and E.  

Ms. O asked students to individually consider what an observer outside the Earth would 

see with respect to the lanterns. The resulting discussions elicited that unlike an 

observer on the ground, the space observer would describe motions in five different 

directions. For the space observer, lantern D would look like it was accelerating 
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upwards. In contrast, observers on the ground at each position would all say that the 

lanterns were falling.   

Modeling force arrows for the 5 lanterns elicited even more animated discussions. Ms. 

O guided these discussions by reminding students to consult their notebooks about the 

science of forces, and how to use force arrows to model both direction and 

magnitude. Eventually the class reached consensus that the acceleration of each 

lantern resulted from Earth’s gravitational attraction. Newton’s Third Law also 

provided evidence to conclude that in each case, two force arrows of the same 

magnitude should be drawn going in opposite directions between the Earth and each 

lantern. Because Earth has so much mass compared with the lantern, each lantern 

would accelerate towards Earth, but the acceleration of the planet toward any lantern 

would be immeasurably small.  

!
NGSS Connections in the Snapshot 

Performance Expectations  
MS-PS2-1. Apply Newton’s Third Law to design a solution to a problem involving the 
motion of two colliding objects. 
  
MS-PS2-2. Plan an investigation to provide evidence that the change in an object’s 
motion depends on the sum of the forces on the object and the mass of the object. !
MS-PS2-4. Construct and present arguments using evidence to support the claim that 
gravitational interactions are attractive and depend on the masses of interacting 
objects. 
 

Disciplinary Core Ideas !
PS2.A: Forces and Motion 
PS2.B: Types of Interactions 
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!
In this Instructional Segment, students use the concept of gravity to explain motions 

within solar systems and galaxies (MS-ESS1-2). Essential components of the 

explanation are: 1) gravity is a force that pulls massive objects towards one another;    

2) objects in the solar system move in circular patterns around the Sun and 3) stars in 

galaxies move in circular patterns around the center of the galaxy.  

Students can illustrate the forces in these circular motions with a rope (Figure 14). One 

person stands in the center and holds the rope while the other starts moving away. 

Once the rope is taut, both people feel the rope tugging them together. The pull of the 

rope changes the moving person’s direction, constantly pulling that person back on 

course so that he or she moves only in a circular motion around the other person. A 

significant limitation of this model is that it gives the impression that the central mass 

must rotate as part of the motion.  

Scientific and Engineering Practices !
Constructing Explanations  
Apply scientific ideas, principles, and/or evidence to construct, revise, and/or use an 
explanation for real-world phenomena, examples, or events. !
Engaging in Argument from Evidence  
Respectfully provide and receive critiques about one’s explanations, procedures, 
models, and questions by citing relevant evidence and posing and responding to 
questions that elicit pertinent elaboration and detail. 

Crosscutting Concepts !
Cause and Effect 
Cause and effect relationships may be used to predict phenomena in natural or 
designed systems. !
CCSS Connections  
CA CCSS for ELA/Literacy: SL.8.1, 3 
Connection to CA ELD Standards: ELD.PI.6-8.1 
CA CCSSM: 8.F.1-2 
The CA NGSS promote a vision of science learning as an interdisciplinary undertaking 
and each standard includes the connections to the CA CCSS for ELA/Literacy and the 
CA CCSSM. 
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Kinesthetic Model of an Orbit 

!  
Figure 14: Two people can use a rope to model Earth’s orbit around the sun. 
(Illustration courtesy of Dr. Matthew d’Alessio) 

Isaac Newton was the first person to develop and mathematically prove the idea of 

gravity as the cause of orbital motions in the solar system. As part of his thinking 

process, Newton developed a conceptual model of orbits based on shooting cannon 

balls at different speeds from a very tall mountain. Gravity always pulls the cannon ball 

down, but the direction of “down” changes constantly (just like the direction of pull from 

the rope changes constantly as the student runs around the circle). Online interactive 

simulations of Newton’s cannon can help students visualize and enjoy Newton’s 

cannonball model.   3

One of the most Earth-shaking aspects of Newton’s theory of gravity is that he showed 

that the same force that causes apples to fall from trees also causes the Moon to travel 

around Earth. The same science principles that explain what is happening on planet 

Earth can also explain what is happening throughout the solar system and in very 

distant galaxies. More specifically, Newton helped us understand that every object 

attracts every other object via gravity. If either or both of the objects have more mass, 

then the gravitational attraction between them is stronger. Because of the huge masses 

of planets, stars and galaxies, gravity plays a major role in the structures and motions 

observed in solar systems and galaxies. 

Before eighth grade, middle school students have been hearing and talking about 

gravity. However if they are asked to compare how strongly Earth pulls on a bowling ball 

and on a baseball, they are very likely to say that Earth pulls equally hard on each. 
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Based on all our Earthly experiences of falling objects, it is very logical to think that 

gravity is a special property of Earth. Similar to other properties of matter such as 

density or color, the Earth property of gravity would then be independent of the object 

that it is pulling. However, the force of Earth’s gravitational pull on an object varies 

depending on the mass of the object. This example provides a strong connection to 

Instructional Segment 1 where students learned that two objects involved in a force 

have an “equal and opposite” relationship. No single object exerts a force just by itself. 

Gravity also illustrates another feature of forces, a puzzling feature that even Isaac 

Newton could not explain. How can an object exert a force on or with an object that it is 

not even touching? Gravity is an example of a noncontact force (Figure 15). The Golden 

Gate Bridge in San Francisco and the Dodger Stadium in Los Angeles pull on each 

other and also pull on every person in California. The reason we do not notice these 

pulls is that they are so weak compared with the attraction towards the planet itself. 

Since all mass is attracted to all other mass in the universe, it is also true that the Sun 

itself pulls on every student. Why don’t students fly up in the sky towards the hugely 

massive Sun? 

The answer is that the strength of the gravitational force depends on the relative 

positions of the interacting objects (i.e., the distance between them). Gravity on Earth is 

usually thought of as pulling objects toward the center of the planet, but there is nothing 

particularly special about the mass at the center of the planet or the downward direction. 

A person gets pulled by every piece of the entire planet, with the ground directly 

beneath his or her feet exerting the strongest pull and the ground on the opposite side 

of the planet exerting a much weaker force because of its distance away.  

!!!!!!!!!!!
!
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Contact Forces and Noncontact Forces 

!  
Figure 15: Objects can apply a force even if they are not “touching.” (Illustration from 
Making Sense of Science Forces & Motion course, courtesy of WestEd) !
Just as students investigated the sum of forces when objects are touching in 

Instructional Segment 1 (MS-PS2-2), any overall change in motion is caused by the 

sum of all the forces. Earth is a sphere, so there is approximately the same amount of 

ground level mass to the north, south, west, and east of a person, so these pulls 

counteract each other. The overall gravitational effect is a downward pull towards the 

center of the planet. With very special devices, scientists can precisely measure 

differences in the direction and pull of gravity at different locations on Earth. For 

example, if an underground aquifer is full or water or an underground volcano chamber 

fills with magma, the extra mass will pull slightly harder on objects than if the aquifer 

were dry or the magma chamber empty. This difference in pull can be measured using 

satellites orbiting the planet that provide valuable data for monitoring water supplies and 

volcanic hazards.  4
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Figure 15 includes magnetism as an example of a force that acts at a distance 

(noncontact forces). Static electricity is another example of a noncontact force that 

students can readily investigate. The modern explanation of the puzzling phenomenon 

of noncontact forces is that fields exist between objects that exert noncontact forces on 

each other. Students probably have ideas about force fields based on science fiction 

movies Students at middle school level are not expected to understand the physics 

concept of fields, but they can begin to approach a more scientific understanding of 

force fields by gathering evidence to measure the strength of these fields under a 

variety of conditions.  

!
Performance Expectation MS-PS3-2 connects these investigations of fields with the 

concept of potential energy. Students are expected to describe that changing the 

arrangement of objects interacting at a distance causes different amounts of potential 

energy to be stored in the system. During Instructional Segment 1 of Integrated Grade 

8, students applied energy considerations to complement and deepen their 

understanding of phenomena involving forces and motion. Without necessarily using the 

term gravitational potential energy, students investigated situations that involved the 

back-and-forth transfers of gravitational potential energy and kinetic energy (e.g., in the 

motion of a pendulum or a roller coaster).  

In Integrated Grade 7 students had also encountered the concept of potential energy 

with respect to the chemical energy stored in molecules. In food web models of 

ecosystem energy flows, they illustrated that this chemical potential energy transferred 

to motion energy and thermal energy. Students may have created or analyzed graphic 

organizers comparing forms of kinetic and potential energy, such as Table 4. 

!
!
!
!
!
!
!
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(Table 4 based on Making Sense of Science Energy course, courtesy of WestEd) 

Unlike gravitational fields around stars and planets that are hard to visualize, students 

can easily collect data about the strength of magnetic fields using simple bar magnets 

and iron filings (MS-PS2-5). Placing the iron filings on top of a thin, flat piece of clear 

plastic, Students can place various magnets and magnetic objects under a thin, flat 

piece of clear plastic. They can then predict and record the resulting patterns that 

they observe after sprinkling iron filings on top of the sheet.  Students should begin to 

ask questions about the spatial patterns that they observe (MS-PS2-3). For example, 

what happens if two magnets are placed end-to-end versus side-by-side? Does the 

pattern change with the addition or movements of a magnetic object? Since iron filings 

tend to concentrate in areas where the magnetic force is strongest, students can 

correlate the strength of the invisible magnetic field with their observations. Students 

can design and conduct similar investigations based on electrostatic forces of 

attraction and repulsion.  

Magnetic fields provide a way to visualize the potential energy of magnets. Magnetic 

potential energy has some similarities with gravitational potential energy where the 

relative position of the objects determines the strength of the force. Because magnets 

have two poles, orientation also becomes important. Changing the relative position and 

orientation of magnets can store potential energy that can be converted into kinetic 

TABLE 4: Forms of Energy

ENERGY OF MOTION 
Energy due to the motion of matter

ENERGY OF POSITION 
Energy due to the  

relative positions of matter

!
Kinetic Energy (KE) 

Thermal Energy (TE) [often called Heat 
Energy] !
Light Energy (LE) 

Sound Energy (SE) 

Electrical Energy (EE) 

!
Gravitational Potential Energy (GPE) 

Elastic Potential Energy (EPE) 

Chemical Potential Energy (CPE) 

Magnetic Potential Energy (MPE) 

Electrostatic Potential Energy (EPE)

!
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energy. By analyzing data from frame-by-frame video analysis of a compass needle, 

students can determine the conditions that cause the needle to gain the most kinetic 

energy. They can use these observations to support their model that the arrangement 

of objects determines the amount of potential energy stored in the system (Figure 16).  

!  
Figure 16. Schematic diagram and model of energy flow within a system of a magnet 
moving a compass needle. (Courtesy of Dr. Matthew d’Alessio) 

Students can also iron filings to investigate electromagnets and gather evidence 

about the spatial patterns of the magnetic fields created by electromagnets. Students 

can try to create the strongest electromagnet, allowing different groups to ask 

questions about the factors that affect magnetic strength such as the number or 

arrangement of batteries, number of turns of the coil, or material inside the coil (MS-

PS2-3).  

Notice that the text and Figure 16 describe the potential energy of the system. Some 

textbooks and curricular materials may refer to “the potential energy of the object,” but 

this language should be avoided. The potential energy is a property of a system based 

on the objects within the system and their spatial and other relationships to each other. 

Keeping this systems approach helps elucidate the nature of gravitational, electrostatic 

and magnetic fields.  

The end of Grade 8 Instructional Segment 2 provides an opportunity to reflect on the 

progression of major physical science concepts, particularly flows of energy, 

throughout the integrated science middle school grade span. In Grade 6, students 
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explored many transformations of energy, especially those that involved thermal energy, 

such as in the water cycle and weather conditions. In Grade 7, they modeled flows of 

energy into and out of organisms and ecosystems, and experienced the concept of 

potential energy in the context of chemical reactions, food chains and food webs. In the 

first two Grade 8 Instructional Segments, students again investigated, collected 
evidence, made arguments, developed models, and constructed explanations 

involving major energy concepts. Although the NGSS middle school physical science 

PE’s and DCI’s do not explicitly mention or require the Law of Conservation of Energy, 

this key concept actually is implicit in many of their models and explanations. Calling 

attention to this concept during or after Instructional Segments 1 and 2 could help 

solidify student understanding and better prepare to apply this concept as they continue 

to encounter and wonder about phenomena.   

!
!
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