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 81	
Grade Three 82	
 83	

Students in grade three demonstrate grade-appropriate proficiency in asking 84	

questions and defining problems; developing and using models, planning and 85	

carrying out investigations, analyzing and interpreting data, constructing 86	

explanations and designing solutions, engaging in argument from evidence, and 87	

obtaining, evaluating, and communicating information. They are expected to use 88	

these practices to demonstrate deep understanding of the core ideas. Students should 89	

also be expected to use and apply grade-level appropriate mathematics and 90	

computational thinking, for example as they display data with graphs or record and 91	

analyze patterns in measurement. 92	

Table 1 summarizes the PEs included in each instructional segment and the 93	

crosscutting concepts that students may use as a tool to make sense of the disciplinary 94	

core ideas. These instructional segments are designed to be taught in this suggested 95	

sequence over the span of a school year, not taught individually. Where appropriate, 96	

PEs that integrate science ideas with engineering design are accompanied by one of 97	

the three PEs in grades 3-5 engineering design. The PEs marked with an asterisk 98	

integrate traditional science content with engineering through a practice or disciplinary 99	

core idea. 100	

 101	

Table 1: Instructional Segments in Grade Three  102	

 103	
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Performance Expectations Addressed  
3-PS2-1, 3-PS2-2, 3-PS2-3, 3-PS2-4*, 3-5-ETS1-1 

Highlighted SEP Highlighted DCI Highlighted CCC 
• Asking Questions and 

Defining Problems 
• Planning and Carrying out 

Investigations 

PS2.A: forces and motion 
PS2.B: types of interactions 
 

• Patterns 
• Cause & Effect 

Brief Summary 
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Objects (moving or stationary) have many contact and non-contact forces acting on them at any 
given time. The sum of these forces explains an objects behavior. If forces are balanced, an object 
in motion will stay in motion and an object at rest will stay at rest. In contrast, it requires an 
imbalance of forces to make an object start or stop moving or to change its speed or direction.   
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Performance Expectations Addressed 
3-LS1-1, 3-LS3-1, 3-LS4-2 

Highlighted SEP Highlighted DCI Highlighted CCC 
• Developing and Using Models 
• Analyzing and Interpreting 

Data 

LS1.B: Growth and 
Development of Organisms 
LS3.A: Inheritance of Traits 
LS4.B: Natural Selection 

• Patterns 
• Cause & Effect 
 

Brief Summary 
Plants and animals have unique and diverse life styles.  Their structure, function, and behavior 
change in predictable patterns thought their life cycle. Plants and animals inherit traits from their 
parents and can be influenced by the environment. Reproduction is essential for the continued 
existence of every organism.  
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Performance Expectations Addressed 
3-LS2-1, 3-LS3-2, 3-LS4-1, 3-LS4-3, 3-LS4-4*, 3-5-ETS1-3 

Highlighted SEP Highlighted DCI Highlighted CCC 
• Analyzing and Interpreting 

Data 
• Engaging in Argument from 

Evidence. 

LS2.D: Social Interactions and 
Group Behavior 
LS3.B: Variation of Traits 
LS4.A: Evidence of Common 
Ancestry and Diversity 
LS4.C: Adaptation 
LS4.D: Biodiversity and 
Humans  

• Cause & Effect 
• Scale, Proportion & 

Quantity 
• Systems & System Models 
 

Brief Summary 
Environmental factors influence the growth, reproduction, and survival of organisms. For any 
environment, some kinds of organisms survive well, some not as well, and some cannot survive. 
Social interactions and group behavior influence animal’s success in the environment. Fossils 
provide evidence for plants, animals, and the nature of environments from the past. 
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Performance Expectations addressed 
3-ESS2-1, 3-ESS2-2, 3-ESS3-1, 3-5-ETS1-1, 3-5-ETS1-2 

Highlighted SEP Highlighted DCI Highlighted CCC 
• Analyzing and Interpreting 

Data 
• Obtaining and Evaluating and 

Communicating Information.	

ESS2.D: weather and climate 
ESS3.B: natural hazards 

• Patterns, 
• Cause & Effect 	
 

Brief Summary 
Climate describes a range of an area’s typical weather conditions and the variations of these 
conditions over time. Scientists make weather predictions based on past weather patterns. Humans 
cannot eliminate natural hazards from natural processes but can take steps to reduce their impacts. 
 

	104	
Grade Three – Instructional Segment 1: Forces and Interactions 105	
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 106	
Third grade students ask questions, make observations and predictions, and 107	

plan and carry out investigations as they explore forces, interactions, and motion.  108	

Students engage in scientific experiences with explicit links to targeted core ideas, 109	

science and engineering practices, and crosscutting concepts, to help them answer 110	

questions such as: What makes a block glide as I push it on a table? What makes it 111	

stop? How can we predict motion on a pendulum and why does it stop? What makes a 112	

toy car slide down a ramp and then stop? How are metallic objects attracted to 113	

magnets? How can magnets be used to solve a simple design problem? 	These 114	

questions necessitate student experiences with different objects, as they lay static and 115	

move across a surface as well as looking at invisible forces: gravity and magnetism. 116	

 117	

Grade Three-Instructional Segment 1: Forces and Interactions 

How do forces affect an object at rest? 

How do different contact and non-contact forces affect motion? 

How can we predict changes in motion and stability? 

How do equal and unequal forces affect an object? 

How can magnets be used to solve a simple design problem?* 

Crosscutting concepts: Patterns, Cause & Effects 

Science and Engineering Practices: Asking Questions and Defining Problems; 

Planning and Carrying out Investigations. 

Students who demonstrate understanding can: 

3-PS2-1 Plan and conduct an investigation to provide evidence of the effects of 
balanced and unbalanced forces on the motion of an object. 
[Clarification Statement: Examples could include an unbalanced force on 

one side of a ball can make it start moving; and balanced forces pushing on 

a box from both sides will not produce any motion at all.] [Assessment 

Boundary: Assessment is limited to one variable at a time: number, size, or 

direction of forces. Assessment does not include quantitative force size, only 

qualitative and relative. Assessment is limited to gravity being addressed as 

a force that pulls objects down.]	
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3-PS2-2  Make observations and/or measurements of an object’s motion to 
provide evidence that a pattern can be used to predict future motion. 
[Clarification Statement: Examples of motion with a predictable pattern could 

include a child swinging in a swing, a ball rolling back and forth in a bowl, 

and two children on a see-saw.] [Assessment Boundary: Assessment does 

not include technical terms such as period and frequency.] 

3-PS2-3 Ask questions to determine cause and effect relationships of electric or 
magnetic interactions between two objects not in contact with each 
other. [Clarification Statement: Examples of an electric force could include 

the force on hair from an electrically charged balloon and the electrical 

forces between a charged rod and pieces of paper; examples of a magnetic 

force could include the force between two permanent magnets, the force 

between an electromagnet and steel paperclips, and the force exerted by 

one magnet versus the force exerted by two magnets. Examples of cause 

and effect relationships could include how the distance between objects 

affects strength of the force and how the orientation of magnets affects the 

direction of the magnetic force.] [Assessment Boundary: Assessment is 

limited to forces produced by objects that can be manipulated by students, 

and electrical interactions are limited to static electricity.] 

3-PS2-4  Define a simple design problem that can be solved by applying ideas 
about magnets.* [Clarification Statement: Examples of problems could 

include constructing a latch to keep a door shut and creating a device to 

keep two moving objects from touching each other.]	

3-5-ETS1-1 Define a simple design problem reflecting a need or a want 
that includes specified criteria for success and constraints on 
materials, time, or cost. [This performance expectation does not have a 

clarification statement or an assessment boundary.] 
3-5-ETS1-2. Generate and compare multiple possible solutions to a 
problem based on how well each is likely to meet the criteria and 
constraints of the problem. [This performance expectation does not have 

a clarification statement or an assessment boundary.] 
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*The performance expectations marked with an asterisk integrate traditional science 

content with engineering through a practice or disciplinary core idea. 

 118	

 119	

Background for Teachers 120	

The general descriptive title of this 121	

instructional segment could be “Find the Hidden 122	

Forces.” This instructional segment develops four 123	

critical ideas about forces, all of which require 124	

students to develop new ways of visualizing, 125	

modeling, and thinking about forces. The four 126	

critical ideas about forces are: (1) every object has 127	

many forces acting on it at every moment; (2) 128	

forces “add up,” so that the overall result depends not just on one of them, but on the 129	

combination of them; (3) a force is required to make an object start or stop moving, or to 130	

change its speed or direction of motion, but that no force is needed to keep it moving at 131	

the same speed; and (4) certain properties of objects allow them to experience forces 132	

from other objects even when not touching them. It is essential as a teacher to ensure 133	

that students will engage in multiple experiences in order to recognize all forces acting 134	

on an object. This is an ideal place to discuss and offer student experiences exploring 135	

and describing cause and effect relationships and patterns. 136	

The first idea is that every object has many forces acting on it at every moment, 137	

whether or not it is moving. Helping students recognize and represent all of the multiple 138	

forces acting at the same time requires modeling of multiple situations for both moving 139	

and static objects. This requires students to make the forces visible such as friction or 140	

air-resistance that have no visible action. This will go against students’ preconceptions 141	

that something or someone must actively create a force, or be a barrier.  142	

Any stationary object either on a surface (e.g. a wood block on a table), or 143	

moving across a surface, generally experiences two types of forces (see figure 1). One 144	

force is perpendicular to the surface (normal force). This is the force that holds an object 145	

Math Connection 
During the investigation on 
forces, students may need to 
measure and weigh different 
objects. Some students will need 
experience using the 
measurement tools. For 
example, students need to know 
that the scale should be 
balanced or zeroed out before 
beginning the measurement; to 
use a ruler, the end of the object 
being measured must line up at 
the zero mark on the ruler, etc.  
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above the surface, or in some cases allows it to sink in somewhat, as in the case of 146	

something sitting on foam. The other force is the gravitational force pointing towards the 147	

center of the Earth, or more simply “down”. If the object is moving across a surface and 148	

stops moving at some point, another force is present parallel to (along) the surface that 149	

opposes any motion across it. This is called a friction force. It is particularly hard for 150	

students to visualize a friction force in a static situation (such as an object sitting on a 151	

slope), so these ideas must be connected to their experiences. For instance, you might 152	

discuss with students how going down a concrete slide with just your clothes on causes 153	

you to stick to the slide. But, if you sit on a piece of cardboard you are able to move 154	

down the slide quite easily. Another example is when sandpaper pushes against wood 155	

to make the wood smooth. Having students analyze forces that they can feel or are 156	

aware (the chair holding you up, the surface stopping you on the slide) is an important 157	

way to help them notice the various types of forces that repeatedly occur in everyday 158	

situations. Once students learn to recognize the existence of these forces, they will 159	

need to develop ways of representing forces. These representations should recognize 160	

that each force on an object has both a direction and strength.  161	

 162	

Figure 1: Diagram of the forces acting on a wooden block resting on a table. 163	

 164	
The second big idea is that forces “add up,” so that the overall result depends not 165	

just on one of them, but on the combination of them. When something is not moving, 166	

this does not mean that there are no forces acting on it but that all the forces have 167	

balanced out so their combined effect is the same as if there were no force (net force 168	

zero). This idea needs to be developed first with forces that are being pushed or pulled 169	

in the same (or opposite) parallel directions. For example, discuss the forces on a rag 170	
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tied to the center of a rope being pulled hard in opposite directions by two teams, both 171	

when the rag is held still by even pulls and when it starts to move in one or the other 172	

direction (see figure 2). Then with examples such as an object held up by three strings 173	

at different angles, where students can see that these non-aligned forces must balance 174	

out. Students can also predict and test how the object would begin to move if person cut 175	

one string. The mathematics of adding non-parallel forces is not appropriate at this 176	

grade level. The goal of the instructional segment is a conceptualization of forces and 177	

that they can balance one-another out, even when they are not all aligned.   178	

 179	

Figure 2: Balancing forces in a tug of war in a parallel frame. (Adapted from PhET 180	

2015a)  181	

 182	
 183	
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 184	
The third big idea is that it requires a force to make an object start or stop 185	

moving, or to change its speed or direction of motion, but that no force is needed to 186	

keep it moving at the same speed. This is counter-intuitive, because everything that can 187	

be observed seems to stop of its own accord. Students may want to visualize the 188	

invisible forces of friction to see why objects stop moving. A common pre-conception is 189	

that a force is required to keep an object in motion. In general, children think a moving 190	

object must always have some “motive force” acting on it. This instructional segment 191	

begins to develop the concept that an object with no forces (or no net force) on it (e.g., a 192	

rocket in space) continues to move at a steady speed. Part of the goal of this portion of 193	

the instructional segment is for students to develop the habit of looking for the force 194	

causing any change in motion of an object or system. In developing this part of the 195	

instructional segment, it is best to work with sliding blocks rather than wheeled cars 196	

because it is easier to correctly interpret the role of friction forces. The additional 197	

complexity of the rotational motion of the wheels and the fact that the point where the 198	

wheel is touching the ground is not moving (unless the car is skidding) is not 199	

appropriate for third grade.  200	

 The fourth idea in this instructional segment is that certain properties of objects 201	

allow them to experience forces from other objects even when not touching them. The 202	

first and most familiar example is gravity. Every object experiences a force pulling it 203	
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towards the Earth, and the strength of that force is what we call the weight of the object. 204	

It is not appropriate at this grade level to try to develop a detailed understanding of the 205	

difference between mass and weight. However, teachers can introduce the term mass, 206	

and the concept that an object on the moon is pulled towards the moon by a 207	

gravitational force that is smaller [it weighs less] than it would experience on Earth. 208	

Students at this grade level can explore the effects of magnets on one another. For 209	

example, students can feel the force of two magnets attracting each other when 210	

opposite magnetic poles are facing each other. Also, students can investigate the 211	

relationship between electric currents and magnetic force by observing how an electric 212	

current moving through a wire behaves like a magnet and how a magnet moved in and 213	

out of a coil wire generates an electric current. This can be accomplished by exploring 214	

and analyzing a simple electromagnet, an electric motor, or an electric generator. 215	

It is not immediately intuitive for students to analyze the phenomena of forces 216	

causing motion without direct contact. Not only are the forces invisible, but the electric 217	

currents are invisible as well. Hence, the activities explored in this part of the 218	

instructional segment require some way to make the current visible (a meter, a light 219	

bulb, or both). The idea that electric currents are a source of magnetic forces, and that a 220	

magnet moving in a wire loop exerts a force that can cause an electric current to flow, is 221	

the basic understanding needed to analyze how simple household devices such as an 222	

electric doorbell or can-opener work. 223	

 224	

Engineering Connection 225	

 226	

 In order to tackle the type of design problem suggested by 227	

the last performance expectation for this instructional segment, 228	

students need to understand how to construct a simple electrical 229	

circuit with a switch and how to create an electromagnet as part of such a circuit. This 230	

requires multiple activities with building and analyzing simple electric circuits. For 231	

example, students can be challenged to design and build a circuit to turn an 232	

electromagnet on and off, so it can be used like a crane—to pick up paperclips from one 233	

pile and drop them in another pile. In activities such as this, the language of forces is 234	
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not emphasized as much as using an electric circuit to create a force to achieve some 235	

effect. This reconnects this part of the instructional segment to the force-related 236	

activities that preceded it. Teachers can also add electrostatic forces as a further 237	

example of force at a distance, but it is not necessary for the development of the ideas 238	

in this instructional segment. 239	

 240	

241	
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 242	
 243	

Description of Instructional Segment 244	

In this instructional segment 1, students explore the concept of forces on objects 245	

as they move or are at rest. They see that an object’s 246	

position is affected by a contact interaction, or a push 247	

or pull, friction, or elastic and tension forces in matter 248	

(e.g., springs or supporting structures or ropes) and 249	

non-contact interaction (electrostatic and magnetic) 250	

and that an object at rest has forces acting on it that 251	

balance each other.  This is an excellent opportunity to 252	

highlight cause and effect relationships. This 253	

instructional segment is divided in two parts: part 1- 254	

Forces on Objects due to Contact Interactions and part 255	

2 - Forces on Objects due to Non-Contact Interactions.  256	

 257	

Forces on Objects due to Contact Interactions 258	

Students investigate and model simple 259	

systems with the goal of defining and representing multiple forces that are occurring at a 260	

specific moment on a particular object within the system. Students also discover the 261	

effect of an unbalanced net force on the object’s motion. Students should also be 262	

encouraged to find ways to represent motion and determine if the motion is changing or 263	

not. Observations include both static situations and objects either sliding on a surface or 264	

flying through the air. (Rotational motion is avoided or not emphasized.) 	265	

	266	

Engineering Connection 267	

Teachers might begin this instructional segment by asking 268	

their students to imagine what engineers need to know to improve 269	

the speed and steering in cars, boats, and airplanes. Students 270	

should be encouraged to use their own words to discuss the forces 271	

ELA ELD Connection 
During the unit, age-appropriate 
definitions of domain-specific 
words and important academic 
vocabulary could be provided. 
In addition, a few words are 
selected critical to 
understanding the concept and 
for deeper explanation. These 
words can be further explained 
using a graphic organizer, such 
as the Frayer Model, that 
includes the definition, and 
students sharing specific 
characteristics of the word, 
examples, and non-examples. 
Selected words could include 
friction, gravity, forces, 
magnetic, interactions.  
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produced by engines and propellers that provide propulsion, as well as resisting forces 272	

(like friction and air resistance) that are needed for steering. 273	

Since vehicles in the real world are complicated, engineers create simple 274	

models of the systems they need to improve. Students can do this as well, 275	

investigating and modeling the system of any vehicle with a block sliding across a 276	

variety of surfaces including some with very high friction, and others with much lower 277	

friction. At first, the teacher may tell the students to initiate the motion by giving the 278	

block a quick push. The teacher can challenge the students to devise a way to control 279	

the force that initiates the motion and to develop a way to include the unseen forces on 280	

the block in their model. The teacher may also ask the students to model what forces 281	

are acting on the block at the moment it is pushed and at a later moment when it is 282	

sliding and slowing down and finally when it is sitting still. Teachers may also encourage 283	

students to use cause and effect statements to explain their observations. Early 284	

student models may show the initiating push as the only force on the block. Teacher 285	

questions should focus on why the motion is different with the same push but different 286	

surfaces or with different directions for the initial push. This type of questioning is 287	

designed to elicit from students the idea that there is a force on the block due to friction 288	

between the block and the surface. It should also elicit that the size (or strength) of this 289	

force depends on the nature of the surface. Students revise their models to include the 290	

friction force at various instants. Again, teacher questioning will be necessary to lead 291	

students to recognize that there is no pushing force when the block is freely sliding 292	

forward, only a friction force whose effect is to slow the block down. Teachers may also 293	

introduce hypothetical situations, such as the block sliding on smooth ice, or a surface 294	

with no friction at all, to build the idea that if there were no friction the block would just 295	

keep moving. The goal of these activities is to see that it takes a force to change a 296	

motion, but not to keep it going. Teacher questioning can help students make these 297	

explicit connections to cause and effect.  298	

Teachers then initiate a second round of revisions to the model to address 299	

questions about vertical forces. Here it is useful to add some activities that involve 300	

dropping, letting the block fall and discussing what force pulls it down. The most difficult 301	

force for students to see is the force from the table pushing up on the block. Teachers 302	
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can ask questions about strategic hypothetical examples, such as a child standing on a 303	

trampoline, or a very heavy object breaking the table. Teachers can use these 304	

examples to help student visualize the counterbalancing forces of gravity and the force 305	

of the table on the block and include them in their models for all three situations. Again, 306	

teachers can use these experiences to help students make explicit connections to 307	

cause and effect relationships and patterns.	308	

	309	

Once the idea of balanced and unbalanced forces on an object has been 310	

developed, along with the idea that it takes an unbalanced force to change motion, 311	

students can be asked to investigate and/or develop models that include forces at 312	

particular instants for a variety of situations. A wide variety of questions can be asked 313	

such as “What force pushes you forward when you start to walk?” Or “What are all the 314	

forces acting on a ladder leaning against a wall?”  Situations such as a weight 315	

suspended by three rubber bands at different angles can be used to initiate further 316	

modeling and analysis of forces.  317	

Observations and/or measurements of an object’s repetitive motion (e.g., a 318	

pendulum, a weight on a spring) reveals a pattern can be used to predict future motion. 319	

However, in such a motion, the forces involved are changing at each moment and thus 320	

one must model the system at particular moments to examine the forces at that instant 321	

and discuss how they are affecting the motion at that instant.  322	

Students explore activities in which they change one variable of the system at a 323	

time and make observations. Students can explore variables that can cause a change in 324	

the system, such as: 325	

1) effect of the pull (angle) on a constant-weight object: students hang a weight on a 326	

string from a fixed support and look at what happens when the weight is pulled 327	

further and further from its resting position;  328	

2) effect of varying the push on objects with the same weight: students use a simple 329	

catapult system where the object weight is constant, and they vary the amount 330	

that the catapult is drawn back;  331	
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3) effect of weight of object: students use a pulley system to lift objects of different 332	

weights;  333	

4) effect of initial push by measuring the distance an object travels and predict and 334	

investigate how it changes: Students use a compressed spring to provide a 335	

push that can be systematically increased; 336	

5) effect of opposing forces: students look at an object at rest that is experiencing 337	

different forces, such as a weight hanging from a spring, a flag in the center of a 338	

rope pulled by two teams, etc.  339	

Figures 3, 4, and 5 below identify diagram representations of different forces on 340	

objects due to contact interactions.  341	

Figure 3: Multiple representations of object at rest showing two forces acting on it: (1) 342	

force of gravity pulling down (weight) and (2) force of the surface it is resting on pushing 343	

up. The addition of the arrows shows balance of forces. [Images drawn by Seth Bush] 344	

 345	

   346	
347	
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 348	

Figure 4:  Student example showing forces acting on an object as it rests on a hand 349	

(Adapted from Cliparts 2015) [Original picture of hand from 350	

http://cliparts.co/cliparts/8i6/8Rx/8i68RxMKT.jpg with drawing by Emma Gragson.] 351	

 352	
Figure 5: Diagram of an object being pulled [Image drawn by Seth Bush] 353	

 354	

 355	
 356	
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Teachers can wrap up this instructional segment by returning to some of the 357	

questions asked at the outset, about what engineers whose job it is to improve the 358	

speed and steering capabilities of cars, boats, and planes, need to know about forces. 359	

 360	

Forces on Objects Due to Non-Contact Interactions  361	

Students extend their concept of forces and interactions through investigations 362	

using electrostatic electricity and magnets. Electric and magnetic forces between a pair 363	

of objects do not require that the objects be in contact. Students investigate 364	

electrostatically charged balloons or rods acting on different materials (e.g. salt, pepper 365	

or small pieces of paper). The sizes of the forces in each situation depend on the 366	

properties of the objects and their distances apart. Students’ construct diagrams to 367	

illustrate the forces acting on each of the components of the system  368	

 When students examine the forces between two magnets, they can vary the 369	

distance between the magnets and their orientation relative to each other. Students 370	

start by looking at the affect of a bar magnet on the compass, as a context for 371	

introducing the North and South poles of magnets and the idea of forces acting at a 372	

distance (non-contact forces). They can use permanent magnets to explore how poles 373	

of magnets at varying distances interact with each other. Students can investigate and 374	

model the representation of forces from one magnet on various small objects (both 375	

magnetic and non-magnetic), as well as the forces on another magnet in a variety of 376	

situations. Students can use iron filings on a sheet of paper supported above a strong 377	

dipole magnet to map out the force pattern due to the magnet (See Figure 6).  Again, 378	

teachers could use these student experiences as an opportunity to highlight the central 379	

nature of patterns and cause and effect relationships. 380	

 381	

382	
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 383	
Figure 6:  Iron filings on a sheet of paper supported above a strong dipole magnet.  384	

[Magnetic field of a bar magnet figure from Wikimedia commons] 385	

 386	

 387	

 388	
 389	

 390	

Engineering Connection 391	

3-PS2-4: Define a simple design problem that can be solved by 392	

applying scientific ideas about magnets.  393	

Scientific discoveries about the natural world can often lead 394	

to new and improved technologies, which are developed through 395	

the engineering design process. In this scenario the students will design a swing using 396	

magnetic force.  397	

 398	

Performance Task    399	

Design a swing for your playground using magnetic force to keep the swing moving. 400	
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Materials: String, magnets, pipe cleaners, egg cartons, rubber bands, foil, metal 401	

washers, tape, one classroom chair, magnets 402	

Directions: 403	

 Students will work in small groups to create a swing that swings as a result of 404	

 using magnetic force. Each group will use one classroom chair as the base that 405	

 the swing will be attached to.  406	

This activity highlights the three-dimensional nature of the CA NGSS standards.  It gives 407	

students an opportunity to engage in asking question and defining problems to 408	

demonstrate (and reinforce) their core conceptual understanding. This activity also 409	

relies on the crosscutting concepts of patterns and cause and effect.  410	

http://www.eht.k12.nj.us/STEM/Gr.%203%20-%20T2%20UBD.docx 411	

 412	

413	
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Snapshot Grade Three: 414	

Probing for Students’ Initial Ideas on Static Electricity 415	

Introduction 416	

Miss M’s third-grade class has just finished a series of lessons investigating the 417	

influences of contact forces acting on objects in motion and at rest. So far, their 418	

classroom experiences and discussions have focused on contact forces only.  419	

This next preparatory lesson about non-contact forces is designed to gauge 420	

student’s pre-conceptions about non-contact forces and introduce to them this new 421	

idea. They will ask questions to determine cause and effect relationships of electric or 422	

magnetic interactions between two objects not in contact with each other).  423	

Miss M begins, “Ok everyone, take out your lab notebooks because we are going 424	

to do a probe. Remember, with probes we want you to explain your thinking. I am going 425	

to read you a story and ask you to choose who you mostly agree with AND you must 426	

support you choice with evidence or examples from your experiences.” Miss M. reads 427	

the prompt and she gives her students a few minutes to respond to the questions in the 428	

probe and record their initial thinking in their notebooks.  429	

 430	

Miss M continues, “Now turn to your 431	

thinking partner and share your choice and 432	

your thinking... remember to listen 433	

respectfully to each other even if you do 434	

not agree. If after your discussion you want 435	

to change your choice or add more 436	

evidence, go for it.” She lets the thinking 437	

partners share, while she walks around the 438	

room listening to discussions and helping 439	

students to remain on task.  440	

 441	

After ten minutes of animated 442	

discussion, Miss M returns to the front of the class, “So, let’s see where we are as a 443	

group. When I say GO you’ll put one finger up if you agree most with Akiko and two 444	

Probe:	Does	It	Have	to	Touch?	
	

Two	friends	are	arguing	about	forces.		They	
disagree	about	whether	something	has	to	be	
touched	in	order	for	a	force	to	act.		This	is	what	
they	say:	
	

Akiko:	“I	think	two	things	have	to	touch	in	
order	to	have	a	force	between	them.”	
Fern:	“I	don’t	think	two	things	have	to	touch	
in	order	to	have	a	force	between	them.”	

	

Which	friend	do	agree	with	most?_______________	
	

Explain	your	thinking.		Provide	examples	that	
support	your	ideas	about	forces.	________________	
_________________________________________________________
___________________________	
	
Keeley and Harrington 2010.	
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fingers up if you agree most with Fern. Ready, set GO!” The group is evenly split. She 445	

prompts students to find a partner that disagrees with them and repeat their thinking 446	

partner discussion, reminding them that it is ok to change ideas and that it is ok to 447	

disagree.   448	

After another ten minutes of discussion, Miss M begins asking students for their 449	

examples and evidence and records them on the board. Supporters of Akiko’s position 450	

pointed out evidence like “a soccer ball won’t move unless I kick it” and “my book has to 451	

touch the table to have the table push on it”.  Supporters of Fern’s position point out 452	

other evidence, Clara says, “If I push a ball up in the air, it is going up but then it will fall 453	

down. Nothing is touching it, but it moves down. What is that? Gravity or something? 454	

The ball isn’t touching the Earth”. Aisha also explained excitedly, “Magnets push and 455	

pull even when they don’t touch objects. I always play with magnets and metal 456	

paperclips: I make the paperclip move on top of my grandma kitchen table moving a 457	

magnet below the table. It’s like magic. The magnet does not touch the paperclip”. 458	

Miss M then uses her student’s initial ideas to introduce types of forces that 459	

include non-contact interactions. She will help students connect these ideas with those 460	

explored in the previous instructional segment about contact forces. Miss M. says, “In 461	

the next weeks we will be learning more about interactions such as gravity, magnetism 462	

and static electricity. At the end you will be able to explain phenomena between the 463	

magnet and paperclip”.  464	

Miss M is planning to use this initial discussion to design experiences that 465	

explore properties of magnets, how to “see” a magnetic field and map it using a 466	

compass, how distance and orientation affects magnetic forces on objects. Throughout 467	

these activities, students will develop simple drawings representing models of how 468	

magnets work and will plan their own investigations to find out about properties of 469	

magnets.  470	

(DCI PS2.A:  Forces and Motion; 3-PS2-1: Plan and conduct an investigation to provide 471	

evidence of the effects of balanced and unbalanced forces on the motion of an object; 472	

3-PS2-2: Make observations and/or measurements of an object’s motion to provide 473	

evidence that a pattern can be used to predict future motion.) She is also planning to 474	
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assess students by using freely available online simulation 475	

(http://phet.colorado.edu/en/simulation/balloons).   476	

 Mrs. M shares the objectives of the snapshot with the educational support 477	

personnel in the expanded learning program at her school and discussed with them how 478	

they can reinforce the key concepts by providing additional opportunities for students to 479	

explore and investigate.  480	

 481	

Grade Three Instructional Segment 2: Life Cycles and Inheritance of Traits 482	
 483	

In Instructional Segment 2, students engage in scientific experiences with explicit 484	

links to targeted core ideas, science and engineering practices, and crosscutting 485	

concepts, to help them answer questions such as: How do animals/plants grow? Do 486	

animals/plants of the same type (species) show variation? How are animal traits passed 487	

to the young? What traits can be seen in plants? In what way can variation help or hurt 488	

the chance of an organism surviving? Can all traits be passed to offspring? In what way 489	

can variation help or hurt the chance of an organism surviving? Can all traits be passed 490	

to offspring?  491	

 492	

 Grade Three - Instructional Segment 2: Life Cycles and Inheritance of Traits 

Why do organisms grow and develop? 

How do organisms vary in their traits? 

How are traits inherited? 

What traits influence the organism survival? 

In what ways do inherited traits affect survival? 

What characteristics do parents pass to their young? 

Crosscutting concepts: Patterns, Cause & Effects; Systems & System Models 

Science and Engineering Practices: Developing and Using Models; Analyzing and 

Interpreting Data. 

Students who demonstrate understanding can: 

3-LS1-1  Develop models to describe that organisms have unique and diverse 
life cycles but all have in common birth, growth, reproduction, and 
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death.  [Clarification Statement: Changes organisms go through during 

their life form a pattern.] [Assessment Boundary: Assessment of plant life 

cycles is limited to those of flowering plants. Assessment does not include 

details of human reproduction.] 

3-LS3-1  Analyze and interpret data to provide evidence that plants and animals 
have traits inherited from parents and that variation of these traits 
exists in a group of similar organisms. [Clarification Statement: Patterns 

are the similarities and differences in traits shared between offspring and 

their parents or among siblings. Emphasis is on organisms other than 

humans.] [Assessment Boundary: Assessment does not include genetic 

mechanisms of inheritance and prediction of traits. Assessment is limited to 

non-human examples.] 

3-LS4-2  Use evidence to construct an explanation for how the variations in 
characteristics among individuals of the same species may provide 
advantages in surviving, finding mates, and reproducing. [Clarification 

Statement: Examples of cause and effect relationships could be plants that 

have larger thorns than other plants may be less likely to be eaten by 

predators and animals that have better camouflage coloration than other 

animals may be more likely to survive and therefore more likely to leave 

offspring.] 
  493	

Background for Teachers  494	

Life cycle and life span are different. The life span is the amount of time between 495	

birth and death. The life cycle is a set of events that happen to an individual as they 496	

grow and develop. Disciplinary core idea 3-LS1-1 identifies birth, growth, reproduction, 497	

and death as the key events of the life cycles of plants and animals. While it is true that 498	

all species of plants and animals undergo these events, the timing and details can be 499	

very different between species. Here are the life cycle stages for plants: 500	

 501	

Germination  à leaf production  à  flowering  à   senescence 502	

(birth)   (growth)  (reproduction) (death) 503	
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 504	

Some weedy plants take only a few weeks to transition from germination to 505	

flowering while others, like fruit trees, take 10 years or more to begin reproduction. Why 506	

is there such big differences in the timing of life cycle events? The advantage for the 507	

weedy plant is that quick reproduction allows it to colonize bare or disturbed soil before 508	

other plants (after a fire, at the edge of a construction site, etc.). For a fruit tree, the long 509	

period of growth prior to flowering makes it possible for the plant to produce many 510	

offspring for many years. Plant death is called “senescence” and typically involves the 511	

yellowing and wilting of leaves. Senescence is important because seeds mature and 512	

fruits ripen during this part of the life cycle. Most of the calories consumed by people 513	

around the world are from seeds and fruits. 514	

Two plants of the same species grown in different conditions (perhaps one in a 515	

greenhouse and one in the field) will undergo the same stages in the same order but the 516	

timing can differ by months. In other words, the environment can influence the timing of 517	

the life cycle in plants. By comparison, the environment has less influence on animal life 518	

cycles. For example, low nutrition diets cause the digestive tracts of some mammals 519	

and birds to grow larger. However, a casual observer would not discern much difference 520	

between these and individuals of the same species that have a high-quality diet. 521	

The study of inheritance is old. Ever since the first plants and animals were 522	

domesticated, people have been studying inheritance and genetics. Farmers noticed 523	

small differences (variation) between individual plants and animals. They discovered 524	

that by allowing only individuals with favorable traits to reproduce they could preserve, 525	

or even enhance, those traits in subsequent generations. Over a period of 20,000 years, 526	

selective breeding by farmers produced most of the crops we rely on today: wheat, rice, 527	

corn, cabbage, and many others. All of these crops originated from wild plants. Of 528	

course, these early farmers could not always control which traits were inherited and 529	

they did not understand the mechanism of inheritance. Nevertheless, modern crops and 530	

livestock were created by people over the centuries by means of selective breeding. 531	

While it is easy to see how selective breeding by farmers can dramatically change 532	

organisms, it is important to remember that the same process of change happens in 533	

nature. In nature, organisms compete for limited resources (sunlight, nutrients, water, 534	
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prey, shelter, etc.), but the competition is not fair. Small variation between organisms 535	

allows some to compete more successfully and improve their chances of reproducing. 536	

The offspring of these successful individuals often share the attributes that made the 537	

parents successful, thus increasing their own chance of success.  538	

	539	

Description of the Instructional Segment  540	

In this instructional segment, Life Styles and Inheritance of Traits, students 541	

investigate that plants and animals have unique and diverse life cycles. The 542	

characteristic structures, functions, and behaviors of organisms change in predictable 543	

ways as they progress from birth to old age. Students are expected to develop an 544	

understanding of the similarities and differences of organisms’ life cycles and that 545	

reproduction is essential to the continued existence of every kind of organism. The 546	

segment is divided into three parts: Part 1- Comparative Life Cycles; Part 2- Inheriting 547	

Traits: A Chip off the Block and Part 3- Variations within Species: Survival of the Fittest 548	

 549	

Comparative Life Cycles 550	

 One way to help students engage with this material is to have them observe 551	

classroom organisms with interesting life cycles. Some organisms include the hornworm 552	

(Mandaluca sexta), an insect with a complete life cycle (from egg to larva to pupa to 553	

adult) or milkweed bugs (Oncopeltus fasciatus), an insect with an incomplete life cycle 554	

(from egg to nymph to adult). Other classroom organisms are crayfish, painted ladies, 555	

frogs and classroom plants. Students begin to develop models of unique and diverse 556	

life cycles, and share their own understanding. Living organisms have structures for 557	

living and moving, as well as interaction with their environment. Plants and animals kept 558	

in the classroom provide a close and personal experience for the students. Students 559	

can also record everyday observations and comparisons in a living environment like a 560	

school garden or aquarium. 561	

As an extension of their observations and comparisons, students can conduct an 562	

investigation on a life cycle of a particular organism in an environment. Students can 563	

recall experiences or gather information from printed and digital sources. With the latter 564	

approach, the teacher can divide the students into groups and give them a text about a 565	
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flowering plant (e.g., peas, pumpkin, orange tree, 566	

etc.) or animal (e.g., bird, horse, frog, moth, 567	

butterfly, etc.). Using information gained from the 568	

illustrations (e.g., photographs) and the text, 569	

students answer questions and refer explicitly to 570	

the text to support their answers to help them 571	

demonstrate understanding of the life cycle (e.g., 572	

where, when, why, and how development occurs).  573	

Each group of students should study material 574	

about at least one plant and at least one animal. 575	

Students then share their findings through a verbal 576	

presentation that includes diagrams with 577	

development models of the plant and animal. In 578	

their presentations, students describe the 579	

relationship between the development of the 580	

organisms using language that pertains to time, 581	

sequence, and effect. By looking across life 582	

cycles and comparing the examples from different 583	

groups, students learn about common features and pattern of development. This can 584	

lead to a discussion about the variability of life cycles within a species and across 585	

species. This is an excellent place for teachers to again call attention to the crosscutting 586	

nature of patterns and pattern recognition. By the end of this part of the instructional 587	

segment, students demonstrate an understanding that plants and animals have unique 588	

and diverse life cycles that include being born (sprouting in plants), growing, developing 589	

into adults, reproducing, and eventually dying. 590	

 591	

Inheriting Traits: A Chip off the Block.  592	

 Students work on activities that include information on families of common 593	

animals and plants, presented in pictures (e.g., appearance of multiple individuals) and 594	

in tables or graphs (e.g., height of seedlings at a given age). They can start by looking 595	

at one or two features that are the same or different in the family. Students can observe 596	

ELA/ELD Connection 
The verbal informational 
presentations can be in the 
format of a news show, which 
can be recorded or videotaped. 
The class can be divided into 
pairs or triads, one student is 
the interviewer who interviews 
the other student(s) who take 
on the persona of the plant or 
animal. The roles of each 
student can be rotated, so all 
experience asking questions as 
well as answering them. The 
questions are designed to 
demonstrate an understanding 
of the life cycle (e.g., where, 
when, why, and how 
development occurs). The news 
report can be supported using 
diagrams or illustrations, either 
created by the students or from 
digital resources.   
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that families of guinea pigs have coats with different colors and patterns; that dog or cat 597	

families vary in the shape and size of ears; and the variation of color on maize samples 598	

(corn on the cob) by looking at the number of kernels and color. These activities give 599	

students the opportunity to look at inheritance of traits with an emphasis on organisms 600	

other than humans. This can provide an opportunity to highlight cause and effect in a 601	

life science context. Students analyze and report on the variation of these traits in the 602	

organism studied, distinguishing patterns of similarities and differences in the traits 603	

shared between offspring and their parents or among siblings. Students should look at 604	

examples of at least one animal and one plant.  605	

 Students in third grade acquire an understanding that organisms have different 606	

inherited traits. Offspring acquire a mix of traits from their biological parents. Different 607	

organisms vary in how they look and function because they have different inherited 608	

information. In each kind of organism, there is variation in the traits themselves, and 609	

different kinds of organisms may have different versions of the trait. Teachers must 610	

recognize and be sensitive to the fact that many of their students may not live with both 611	

biological parents or may not even know who both biological parents are. While only the 612	

biological parents contribute physical traits to a child, the adults who chose to be part of 613	

that child’s life will heavily influence that child’s personality and dispositions. 614	

 615	

Variations within Species: Survival of the Fittest.  616	

 Third grade students construct an argument using evidence on how the 617	

variations in characteristics among individuals of the same species may provide 618	

advantages in surviving, finding mates, and reproducing. Organisms have differences 619	

depending on where they grow, or the food they consume. This causes organisms that 620	

are related to end up looking or behaving differently. Animals engage in behaviors that 621	

increase their chances for reproduction, and over generations, plants may develop 622	

specialized structures and/or depend on animal behavior to accomplish reproduction.  623	

 Students engage in activities that show how a selective factor (e.g., food supply, 624	

predation, humans) determines the survival of species. Students explore one species at 625	

a time and the lifetime of one generation. For example, students might conduct a “Battle 626	

of the Beak” activity mimicking different beaks on a type of bird (e.g., finches).They will 627	
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learn about the adaptive advantage, based on beak function, by simulating birds 628	

competing for various foods (selective force). Teachers need to emphasize that even 629	

while this activity may be exaggerating some features; it is a simulation of the same 630	

species. This is another opportunity to highlight the crosscutting concept of cause and 631	

effect relationships and of system models. Students begin to make the link that a 632	

particular feature can be an advantage. Over time and many generations, these 633	

advantages may produce the differences in these species that we see today. Teachers 634	

can provide students with texts (RI.3.2, 4) to investigate how animals that have better 635	

camouflage coloration than other animals may be more likely to survive and therefore 636	

more likely to produce offspring. For example, albinism in rabbits may be a 637	

disadvantage when living in a forest but an asset in the artic. Other examples include 638	

polar and brown bears’ survival in different environments. There are many examples of 639	

“evolution in action” such as lizard-like skinks gradually losing their legs over many 640	

generations as their habitat became drier and sandier (presumably, being snake-like 641	

provides advantages in dry sandy environments.) Examples of cause and effect 642	

relationships on survival can be highlighted and explored, for example with plants that 643	

have larger flowers than other plants may be more desirable for cultivation (selective 644	

force: humans). Students support their findings, referring explicitly to the text as the 645	

basis for the answers. Students develop the idea that “fitness” is not an absolute quality, 646	

but rather it is defined with respect to survival in a particular environment. Some insects 647	

increase their chance of survival through social behavior in which all individuals 648	

contribute but only a few reproduce. Students’ explorations lead to examples of 649	

patterns, cause and effect and transition to system and system models.	650	

 651	

Grade Three Instructional Segment 3: Ecosytems and Interdependence 652	

In this instructional segment students focus on how the environment and 653	

organisms are linked together and how the organisms in the environment have changed 654	

over time using evidence that we have from the present and the past. Students engage 655	

in scientific experiences with explicit links to targeted core ideas, science and 656	

engineering practices, and crosscutting concepts, to help them answer questions such 657	

as:  How do changes in the environment affect living organisms? What do fossils tell us 658	
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about an environment in the past? How can organisms interact in groups to benefit 659	

individuals? What happens to a plant or animal as the environment changes?  660	

 661	

Grade Three-Instructional Segment 3: Ecosystems and Interdependence  

How does the environment affect living organisms? 

How are plants, animals and environments of the past similar or different from current 

plants, animals and environments? 

What do the characteristics of extinct animals tell us about environment in the past? 

How do organisms interact in groups to benefit individuals? 

What happens to organisms when the environment changes? 

Crosscutting concepts: Cause & Effect; Scale, Proportion & Quantity; Systems & 

System Models 

Science and Engineering Practices: Analyzing and Interpreting Data; Engaging in 

Argument from Evidence. 

Students who demonstrate understanding can: 

3-LS3-2   Use evidence to support the explanation that traits can be influenced 
by the environment. [Clarification Statement: Examples of the 

environment affecting a trait could include normally tall plants grown with 

insufficient water are stunted, and a pet dog that is given too much food 

and little exercise may become overweight.] 

3-LS4-3   Construct an argument with evidence that in a particular habitat some 
organisms can survive well, some survive less well, and some cannot 
survive at all. [Clarification Statement: Examples of evidence could include 

needs and characteristics of the organisms and habitats involved. The 

organisms and their habitat make up a system in which the parts depend on 

each other.] 

3-LS4-1   Analyze and interpret data from fossils to provide evidence of the 
organism and the environments in which they lived long ago. 
[Clarification Statement: Examples of data could include type, size, and 

distributions of fossil organisms. Examples of fossils and environments 

could include marine fossils found on dry land, tropical plant fossils found in 
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Arctic areas, and fossils of extinct organisms.] [Assessment Boundary: 

Assessment does not include identification of specific fossils or present 

plants and animals. Assessment is limited to major fossil types and relative 

ages.] 

3-LS2-1   Construct an argument that some animals form groups that help 
members survive. [This performance expectation does not have a 

clarification statement or an assessment boundary.] 
3-LS4-4   Make a claim about the merit of a solution to a problem caused when 

the environment changes and the types of plants and animals that live 
there may change.*  

[Clarification Statement: Examples of environmental changes could include 

changes in land characteristics, water distribution, temperature, food, and 

other organisms.] [Assessment Boundary: Assessment is limited to a single 

environmental change. Assessment does not include the greenhouse effect 

or climate change.]	

3-5-ETS1-1. Define a simple design problem reflecting a need or a 
want that includes specified criteria for success and constraints on 
materials, time, or cost. [This performance expectation does not have a 

clarification statement or an assessment boundary.] 
3-5-ETS1-2. Generate and compare multiple possible solutions to a 
problem based on how well each is likely to meet the criteria and 
constraints of the problem. [This performance expectation does not have 

a clarification statement or an assessment boundary.] 
	

*The performance expectations marked with an asterisk integrate traditional science 

content with engineering through a science and engineering practice or disciplinary 

core idea. 

  662	

Background for Teachers 663	

From the previous instructional segment, it might be easy to come away with the 664	

idea that the appearance, health, and behavior of an organism are entirely a function of 665	
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genes and inheritance. But of course, the environment plays a major role in determining 666	

an organism’s characteristics. Plants are especially responsive to the environment. This 667	

makes sense since, unlike animals, plants cannot move to find water or escape an 668	

attack. Plants are literally rooted in one place. Thus, they have to change the shape of 669	

their bodies to respond to conditions. Some plants have defense mechanisms to help 670	

ensure their survival. Seedlings grown in the shade must grow very tall to reach the 671	

light. If you have ever grown plants on a classroom windowsill, where light tends to be 672	

poor, you might have seen these tall, spindly seedlings. When an insect attacks a plant, 673	

the plant may produce chemicals throughout its body parts that make it taste bad and 674	

help repel further attacks. The differences in leaf size are adaptations that have evolved 675	

to help plants maximize photosynthesis and save water. Plants take up water from the 676	

soil and most of that water travels up the plant to the leaves and then is lost to the air.  677	

Larger leaves lose water faster. In environments where there is plenty of water, leaves 678	

can be large to provide maximum surface area for photosynthesis. In dry environments, 679	

leaves tend to be small to limit water loss. The needles of pine trees are thought to have 680	

evolved both as a way to save water and help the leaves survive cold temperatures. 681	

 The environment also influences animals. Skin tans in response to ultraviolet 682	

light exposure. As salmon swim from the ocean to freshwater, their gills change. One of 683	

the most important concepts in biology is that changes in response to the environment 684	

(“acquired traits”) are not passed on to offspring. Only traits encoded in genes are 685	

passed on to offspring. It is interesting to note that discoveries about genes in the last 686	

decade have begun to challenge this concept. The new science of epigenetics 687	

examines how the environment can induce changes to the genes of organism that in 688	

some cases have been shown to be inherited from one generation to the next. 689	

There are limits to the effect of the environment on organisms. For example, an 690	

animal grown in low-light conditions will not develop extra eyes to help it see in the dark.  691	

Some changes that may seem to be induced by the environment are actually a result of 692	

genetics. For example, animals that live in snowy places grow white fur in the winter 693	

and brown fur in the summer for camouflage. This change is NOT induced by the 694	

environment, but is a genetic adaptation that evolved because it helps the animals 695	

survive. 696	
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Childhood obesity, a major concern today, is an extension of this topic (and could 697	

be a topic for a classroom interdisciplinary discussion of health and science). Obesity is 698	

typically a result of both genetics and environment. High-calorie and high-sugar diets 699	

have the potential to lead to weight gain and obesity. However some children, due to 700	

genetics, will gain weight more readily and have a greater chance to develop obesity 701	

than peers. 702	

Disciplinary core idea 3-LS4-4 is closely related to 3-LS4-2 and sets the stage for 703	

understanding the concept of natural selection. In almost every ecosystem we know of, 704	

more plants and animals are born than can ultimately survive. Limitations on energy 705	

(food or light) and space (including water, nutrients, and shelter) means that plants and 706	

animals must compete to survive and reproduce. But no two organisms (even of the 707	

same species) are exactly alike. Variation between organisms is created by small 708	

differences in genes. These small differences tip the scales in favor of one organism or 709	

another, allowing that successful organism to survive and reproduce, passing on its 710	

traits onto the next generation. 711	

This core idea focuses on constructing an argument based on evidence. In 712	

every ecosystem around the world, scientists are trying to find evidence that support 713	

environmental influences. There are many factors to consider, living and non-living, that 714	

determine the number of species and the number of individuals that can survive in any 715	

given ecosystem. Understanding ecosystem dynamics helps us predict how species 716	

can be affected by natural and human-made changes to an area. Changes can be 717	

physical (drought, destruction of the habitat like road construction or housing 718	

developments, etc.) or biological (introduction of a new species, reintroduction of 719	

predators, etc.). 720	

Fossils of huge dragonflies (with bodies as long as your arm) have been 721	

discovered which date back millions of years to approximately when the dinosaurs were 722	

alive. Today, we understand how insects take in oxygen and get rid of carbon dioxide 723	

during respiration. The insect respiration system, especially the ability to deliver oxygen 724	

to muscles, is a major factor that limits how big an insect can get. Rather than having a 725	

series of blood vessels to carry oxygen, the oxygen just diffuses through the insect’s 726	

tissues in what is referred to as an “open” circulatory system. We now know that the 727	
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giant insects of the past evolved during a period when oxygen levels in the atmosphere 728	

were higher than today’s level. As oxygen levels dropped to current levels, the largest 729	

insects became extinct and smaller species persisted. 730	

 731	

Description of the Instructional Segment  732	

 This instructional segment on ecosystems 733	

and interdependence is divided into four parts:  Part 734	

1- Effects of the Environment on Organisms; Part 2- 735	

Evidence of Past Organisms and Environments: 736	

Fossils; Part 3- Changes to the Ecosystem and 737	

Effects; and Part 4- Group Behaviors 738	

 739	

Effects of the Environment on Organisms  740	

 Students start by looking at samples of local animals and/or plants and describe 741	

their observed features. They propose ideas of local areas where they came from. 742	

Engage the students by asking “Where else can we find these organisms today?” 743	

Students then explore using digital media that simulates current environments and 744	

organisms. Students match organisms with environments and indicate what 745	

environmental features help these organisms adapt well there. This is an opportunity to 746	

highlight the crosscutting nature of cause and effect relationships. Environments may 747	

include: tropical rainforests, salt marshes, deserts, prairies, and arctic. It would be 748	

helpful to provide realia in the classroom setting and pictures of the different types of 749	

environments. Organisms may include examples of various plants and animals, such as 750	

insects, amphibians, reptiles, birds, and mammals. This helps students start to look for 751	

evidence that in a particular habitat some organisms can survive well, some survive less 752	

well, and some cannot survive at all. Students could do a matching game with a partner 753	

and have them explain what type of organism live in what type of environment. This 754	

matching game could also provide photos of organisms that live in various 755	

environments to reiterate the fact that there are possibly more than one correct answer. 756	

The key to this activity is not if the answer is right or wrong but for the students to 757	

engage in arguments from the evidence in the photos.  758	

ELA ELD Connection  
The Achieve the Core Web site 
has a link to a collection of 
science texts with text- 
dependent questions that could 
be used as reading materials, 
see 
http://www.readwords.org/spotli
ght-on-science#520. Possible 
related texts include “On Shaky 
Ground,” “Back from the Brink,” 
“Blue Bloods of the Sea,” and 
Coral Reef Goes Digital.” 
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 A closer look at an environment can help students classify living and non-living 759	

factors that affect survival. The organisms and their habitat make up a system in which 760	

the parts depend on each other. The living factors include animals, plants, and molds. 761	

The non-living factors include soil, temperature, water, and light. A classroom terrarium 762	

or fish tank could help students investigate these factors and model how to measure 763	

changes over time. 764	

 The environment also affects the probability of survival of traits in a population 765	

and the way individual organisms grow and develop. Some plant and animal 766	

characteristics result from individuals’ interactions with the environment, which can 767	

range from amount of water, to diet, to learned behaviors. Students look at one type of 768	

organism and feature (for example, a willow tree and its height) and search for 769	

information on how the same tree can be smaller closer to the artic than the equator 770	

(reasons: less light, and poor soil). Competition for the same resources in an 771	

environment (e.g., food, space or shelter) may favor a dominant animal, while other 772	

factors (e.g., other competitors, predators or disease) may not. Plants rely mostly on 773	

non-living environmental factors (e.g., soil, temperature, water, light) and sometimes 774	

living organisms (dispersion of seeds). Different plant features are adapted to different 775	

environments (e.g., shape and type of leaves of desert plants differ from those of river 776	

valley plants). Some organisms depend on each other for survival (e.g., clownfish and 777	

sea anemone, acacia and ants, or insects and flowers). These experiences highlight the 778	

importance of cause and effect in understanding how the environment impacts 779	

organisms. 780	

 Third graders are expected to develop an understanding of the idea that when 781	

the environment changes some organisms survive and reproduce, some move to new 782	

locations, or some die. Examples of evidence could include needs and characteristics of 783	

the organisms and habitats involved. For example, amphibians would need a moist 784	

environment. Amphibians start their life cycle in water with gills and as they age they 785	

develop lungs allowing them to survive on land.	786	

When scientists look at plant leaves, they notice some common patterns in plant 787	

leaf shape and size that are related to the physical environment. Desert plants have 788	

smaller leaves, while rain forest plants can host leaves bigger than a child. Forests in 789	
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some areas have trees with broad leaves that fall off in the winter, while trees in other 790	

areas have thin needles. Why? At the third grade, students should be able to recognize 791	

the patterns and begin to ask questions about why they have developed.  792	

 793	

Evidence of past organisms and environments: fossils  794	

Fossils are evidence of ancient life existence and they are found in layers of rock. 795	

Fossils preserve the shape of a part of an ancient organism’s body that lived (or died) in 796	

this exact spot. From the previous instructional segment, students know that the shape 797	

and size of different parts of an organism can depend upon the environmental 798	

conditions. Even if the organism is long extinct and we cannot find it on Earth today, it 799	

may show evidence of the same adaptations of modern plants or animals. When 800	

students observe a fossil at one location that looks very different from the organisms 801	

that live in that spot today, they know that the environment must have changed since 802	

the ancient organism was alive (3-LS4-1).  803	

An urban example of a fossil is where imprints of a leaf or footprints of a dog are 804	

trapped in the concrete. If available, investigate using examples of imprints left in 805	

concrete surrounding the school, a local fossil, or pictures of imprints and derive from 806	

evidence (i.e., type of animal or plant it was) and what the local community may have 807	

been like. In this case, you will probably determine that the environment has not 808	

changed much since the sidewalk concrete dried because dogs still roam the 809	

neighborhood and the same tree may still be growing beside the sidewalk. In California, 810	

scientists have discovered some fossils that are very different from the organisms that 811	

live here today. (Here is a set of images of fossils: 812	

http://education.usgs.gov/lessons/schoolyard/fossils.html). For example, the fossils of 813	

giant sea creatures are found in the hills and mountains around California, telling us that 814	

these pieces of land were once under water (e.g., a Plesiosaur fossil found near 815	

Fresno) 816	

The UC Museum of Paleontology (http://ucmpdb.berkeley.edu/) provides a 817	

searchable database of fossils found in California counties. Other online resources 818	

include:  819	
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• http://www.fossilmuseum.net/Education.htm 820	

• http://www.sciencekids.co.nz/pictures/dinosaurs/bones.html 821	

 Students can also cast fossils or handle fossil models to help them distinguish 822	

some features.  823	

 824	

Changes to the Ecosystem and Effects 825	

By this time, third graders will have examined how the environment can effect an 826	

organism and the rich history fossils provide. There are two main concepts that are the 827	

foundation for this next section: environmental conditions can effect the shape and size 828	

of organisms and fossils are a record of organisms that no longer exist but demonstrate 829	

the possible adaptations of modern plants or animals. The next concept student will 830	

examine is what happens when there are changes to the ecosystem.  831	

To support the students in planning and carrying out investigations based on this 832	

this question of what happens when there are changes to the ecosystem. Students can 833	

visit a local garden, school-yard, or take a field trip to an aquatic environment (stream, 834	

lake, river or beach). They can look at the elements present in it and try to answer 835	

questions such as: Where is the water coming from? What kind of plants live there? 836	

Where are man-made additions? What are elements native to the systems? Students 837	

share their notes and place elements into a chart with man-made or natural elements.  838	

Students then read informational texts and gather evidence about how a natural habitat 839	

has changed as a result of one or more human activities (RI.3.1; W.3.7). This is an 840	

important science and engineering practice for this instructional segment: analyzing 841	

and interpreting data. Through a teacher led class discussion, students identify the 842	

types of environmental changes that are described in the text, such as changes in land 843	

characteristics, water distribution, temperature, soil, and plant and animal life. This 844	

helps them determine the main idea of the text—human activities have resulted in 845	

changes to the natural habitat. Students select one of the described environmental 846	

changes and make a list of the series of events they think might have caused these 847	

changes, using language that pertains to time, sequence, and cause and effect 848	

(RI.3.3.). 849	
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The teacher takes the class outside of the building to look for environmental 850	

changes on campus, in a nearby park, at a nature center, or in the local neighborhood. 851	

In these areas, students might find places where plants have been removed and 852	

replaced by pavement or bare patches of dirt, soil has been disturbed as the result of 853	

erosion by water, or litter has been piled up. Students generate measurement data by 854	

measuring disturbed and undisturbed areas using rulers. They also make a simple map 855	

of the area they studied showing the sizes of different disturbed areas. If it is not 856	

possible to take students outside, the teacher can show them before and after 857	

photographs of natural habitats where humans have disturbed the area. It may be 858	

necessary to help students identify comparable areas that show recognizable 859	

environmental changes. For example, comparing a paved playground and a nearby 860	

grassy or wooded area would allow them to observe changes in land characteristics or 861	

plant and animal life. 862	

This instructional segment is a particularly good opportunity for helping students 863	

develop understandings of the crosscutting concepts cause and effect and systems 864	

and system models. Specifically, an informative reading about environmental changes, 865	

such as those that have taken place in California’s coastal wetlands, gives teachers an 866	

opportunity to lead focused discussions with students about the changes that occur as a 867	

result of human activities, and the causes and effects of those environmental changes. 868	

Through these activities, students can continue developing their understanding of 869	

California’s Environmental Principles and Concepts. In particular, this instructional 870	

segment gives them an opportunity to investigate examples related to Principle II and 871	

discover that: direct and indirect changes to natural systems due to the growth of 872	

human populations and their consumption rates; methods used to extract, harvest, 873	

transport and consume natural resources; and the expansion and operation of human 874	

communities influence the geographic extent, composition, biological diversity, and 875	

viability of natural systems.  876	

The following vignette is an example of how teaching and learning focused on 877	

the disciplinary core ideas LS4.C Adaptation and LS4.D Biodiversity and Humans and 878	

PEs 3-LS4-3&4 Biological Evolution: Unity and Diversity might look in a third-grade 879	

classroom. 880	

881	
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 882	
 883	

Grade Three Vignette 884	
Living Things in Changing Environments 885	

Introduction 886	

The vignette presents an example of how teaching and learning may look in a 887	

third-grade classroom when the CA NGSS are implemented. The purpose is to illustrate 888	

how a teacher engages students in three-dimensional learning by providing them with 889	

experiences and opportunities to develop and use the science and engineering 890	

practices and the crosscutting concepts to understand the disciplinary core ideas 891	

associated with the topic in the instructional segment. 892	

It is important to note that the vignette focuses on only a limited number of 893	

performance expectations. It should not be viewed as showing all instruction necessary 894	

to prepare students to fully achieve these performance expectations or complete the 895	

instructional segment. Neither does it indicate that the performance expectations should 896	

be taught one at a time.  897	

The vignette uses specific classroom contexts and themes, but it is not meant to 898	

imply that this is the only way or the best way in which students are able to achieve the 899	

indicated performance expectations. Rather, the vignette highlights examples of 900	

teaching strategies, organization of the lesson structure, and possible students’ 901	

responses. Also, science instruction should take into account that student 902	

understanding builds over time and that some topics or ideas require activating prior 903	

knowledge and extend that knowledge by revisiting it throughout the course of a year. 904	

 905	

Days 1-4 – Organisms Responding to Environmental Change. 906	

Ms. J decides to use several elements of the California EEI unit, Living Things in 907	

Changing Environments, as the foundation for part three of her Ecosystems and 908	

Interdependence unit. She uses the first two chapters of the leveled reader, Sweetwater 909	

Marsh National Wildlife Refuge, to introduce students to the marsh and the plants and 910	

animals that live there, as an example of where humans have changed the habitat. For 911	

example: 912	
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“Belding’s savannah sparrows are endangered in California. They use 913	

pickleweed and other plants to make their nests. Putting their nests in tall, thick 914	

pickleweed, keeps the eggs safe from water, even at high tide.” 915	

 916	

“Belding’s savannah sparrows depend on the salt marsh as their habitat. Where 917	

buildings, roads, or levees have replaced pickleweed, these sparrows have fewer 918	

places to nest. The more people and pets that disturb their habitat the fewer pairs 919	

will build nests.” 920	

 921	

After reading Sweetwater Marsh National Wildlife Refuge, students discussed the 922	

different species that live in this Southern California salt marsh habitat. Based on the 923	

information they gathered from the reading, the class made a mural with “before” and 924	

“after” sections where some students drew the original habitat and others showed the 925	

habitat after human activity. The students’ drawings also showed plants and animals, 926	

specifically illustrating some of the organisms’ needs and adaptations, for example, the 927	

plants were birds nested. They also illustrated some of the changes, for example, the 928	

addition of buildings, roads, and levees and changes to the amount of pickleweed at the 929	

marsh. This reading and mural were the basis for a discussion of how organisms 930	

respond to different environmental changes and introduced students to the idea that 931	

changes to an ecosystem can significantly affect the plants and animals that live there. 932	

In order to reinforce the crosscutting concept about systems and system 933	

models, Ms. J reminds the students that ecosystems are an example of a system. She 934	

asks them to identify the salt marsh ecosystem components on their mural. Several 935	

students also point out the birds nesting in the plants as an example of an interaction 936	

among the components of the ecosystem. 937	

After completing their mural, Ms. J asked the students several questions about 938	

the marsh, its plants and animals, and how the habitat might change if more human-939	

activity occurs there. She focuses the students on environmental changes by asking 940	

students to predict answers to questions like, “Which plants or animals will be affected if 941	

the water becomes saltier?” and “If the water in all of the San Diego Bay becomes 942	

muddier, what might happen?” (Eelgrass could disappear from the area.) The students 943	
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make brief notes about the changes discussed during the class meeting, and based on 944	

their notes and the discussion, students identify the main idea of the reader—human 945	

activities have resulted in changes to the natural habitat. 946	

As a formative assessment, Ms. J distributes a set of Altering the Salt Marsh 947	

cards to groups of students and asks them to find the card that starts with “Power plants 948	

make the temperature of the water…” She then has the groups discuss the effects of 949	

power plants on the temperature of water. Ms. J invites a student volunteer to share 950	

their groups answer to the question, “How do power plants affect the temperature of 951	

water?” 952	

After discussing the other environmental changes described on the Altering the 953	

Salt Marsh cards, Ms. J creates a class list of the environmental changes on the 954	

whiteboard. This list describes the changes that have occurred at Sweetwater Marsh, 955	

including changes to the land from dredging and building of dams, changes to the 956	

temperature and salinity of the water. It also describes the resulting changes to the 957	

many plants and animals that live there, such as pickleweed, and the endangered light-958	

footed clapper rail, California least tern, and Western snowy plover. She then asks the 959	

students to make a list of the series of events they think might have caused these 960	

environmental changes. Finally, she asks the children to re-engineer the solutions. The 961	

children generate more environmentally friendly solutions while considering what the 962	

technologies need to do (criteria) and reasonable assumptions about constraints, such 963	

as available time, materials, and money. 964	

 965	

Day 5 – Surviving in a Changing Environment. 966	

The day after the classroom analysis of environmental changes at Sweetwater 967	

Marsh, Ms. J took her students on a field trip to visit the campus and local 968	

neighborhood. (Note: In preparation for this activity, Ms. J identified three “comparable” 969	

areas near the school where her students could see plants and animals, and observe 970	

the effects of human activities.) Before going outside, Ms. J explained to the students 971	

that they would be going on the local field trip to make observations and collect 972	

evidence about environmental changes on campus and in the local neighborhood. 973	
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One of the things that the students observed was that there were only a few 974	

plants and animals on their school grounds. Ms. J had the students make notes about 975	

their observations in their science journals. The class then began walking down the 976	

street, making observations and taking notes as they went by the houses and apartment 977	

buildings in the neighborhood. They soon observed that some areas had green spaces 978	

with different kinds of plants and animals, and saw many birds sitting on the branches of 979	

the bushes and squirrels running through the yards. The last place they visited was a 980	

local park where they saw even more plants and animals. 981	

As they walked back to the school and then into their classroom, Ms. J guided a 982	

student discussion of similarities and differences among the areas they visited during 983	

their “field trip.” She made a four-column list on the board labeled “Place,” “Description 984	

of Area,” “Plants We Saw,” and “Animals We Saw.” With their data recorded, Ms. J 985	

asked the students to contribute to a list of the differences in the plants, animals, and 986	

“habitat” among the campus, neighborhood, and park. The class then began a teacher-987	

guided discussion to analyze the data and what might have caused these differences 988	

and the students identified a variety of human activities, such as, removing trees, 989	

making streets, paving the campus, and building houses. Once they completed their list, 990	

she asked the students to identify the evidence they saw during their field trip that, in a 991	

particular habitat, some organisms can survive well, some survive less well, and some 992	

cannot survive at all. Ms. J recorded the students’ evidence on the board. 993	

 994	

Days 6-7 – Solving an Environmental Problem. 995	

This field trip gave Ms. J an opportunity to call students’ attention to the 996	

crosscutting concept related to cause and effect. She also leads the students through 997	

a discussion about California’s Environmental Principles and Concepts, specifically 998	

Principle II Concept c “the expansion and operation of human communities influence the 999	

geographic extent, composition, biological diversity, and viability of natural systems.” 1000	

Ms. J called the students’ attention to the class list of the environmental changes 1001	

that have occurred at Sweetwater Marsh. They then read, “Restoring the Marsh,” the 1002	

third chapter of the reader, to learn about some of the solutions to the problems caused 1003	

by the environmental changes that occurred at Sweetwater Marsh. When they 1004	
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completed their reading, Ms. J led a discussion that had the students identify the 1005	

solutions to the environmental changes discussed in the text and make claims about the 1006	

merits of the different solutions to use as evidence in their arguments. 1007	

Based on what they discussed about the design solutions used at Sweetwater 1008	

Marsh, the teacher asked students to select one of the environmental changes they 1009	

observed during their field trip. The students were most interested in what they 1010	

observed on campus, very few plants and animals. Therefore, Ms. J instructed them to 1011	

write a brief informative text that identified this problem and described possible 1012	

solutions, making claims about the merits of their individual ideas. Students made brief 1013	

presentations about their ideas and argued for their proposed solutions. As a class, 1014	

they decided that they wanted to implement a plan to make a small garden of native 1015	

plants in an open area of the playground. Working in teams of three, students created 1016	

and presented alternative designs for their native plant gardens. As a whole class, they 1017	

chose the three designs they liked most. Later in the week, they went out onto the 1018	

campus and used their rulers to measure the possible garden plots. They returned to 1019	

the classroom and Ms. J instructed them how to use the measurements they had made 1020	

to reinforce what they had learned about area and perimeter during their recent math 1021	

lessons. 1022	

So that they could continue planning their gardens and refining their designs, 1023	

students went to the Internet to research information about establishing a native plant 1024	

garden including the cost of the plants, soil, and other supplies. With this information 1025	

available, Ms. J help them estimate the number of plants they would need and calculate 1026	

the cost of each of the designs they were comparing. Based on their calculations and 1027	

the amount of money that Ms. J had in her garden fund, the students refined their 1028	

designs to fit the space and budget they had available. The students invited their 1029	

principal to visit the classroom and presented their ideas about creating a native plant 1030	

garden on campus. She was so impressed with their work that she gave them 1031	

permission to build the garden. 1032	
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Performance Expectations 

3-LS4-3 Biological Evolution: Unity and Diversity 
Construct an argument with evidence that in a particular habitat some organisms can 
survive well, some survive less well, and some cannot survive at all. 
3-LS4-4 Biological Evolution: Unity and Diversity 
Make a claim about the merit of a solution to a problem caused when the environment 
changes and the types of plants and animals that live there may change. 

Science and engineering 
practices 

Disciplinary core ideas Cross cutting concepts 

Analyzing and 
Interpreting Data 
Analyze and interpret data 
to make sense of 
phenomena using logical 
reasoning. 
 
Constructing 
Explanations and 
Designing Solutions 
Use evidence (e.g., 
observations, patterns) to 
construct an explanation. 
 
Engaging in Argument 
from Evidence 
Construct an argument with 
evidence. 
Make a claim about the 
merit of a solution to a 
problem by citing relevant 
evidence about how it 
meets the criteria and 
constraints of the problem. 

LS4.C Adaptation 
For any particular 
environment, some kinds of 
organisms survive well, 
some survive less well, and 
some cannot survive at all. 
 
LS4.D Biodiversity and 
Humans 
Populations live in a variety 
of habitats, and change in 
those habitats affects the 
organisms living there. 

Cause and Effect 
Cause and effect 
relationships are routinely 
identified and used to 
explain change. 
 
Systems and System 
Models 
A system can be described 
in terms of its components 
and their interactions. 

California’s Environmental Principles and Concepts 

Principle II: The long-term functioning and health of terrestrial, freshwater, coastal 
and marine ecosystems are influenced by their relationships with human societies. 

Concept a. Direct and indirect changes to natural systems due to the growth of 
human populations and their consumption rates influence the geographic extent, 
composition, biological diversity, and viability of natural systems. 
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Concept b. Methods used to extract, harvest, transport and consume natural 
resources influence the geographic extent, composition, biological diversity, and 
viability of natural systems. 

Concept c. The expansion and operation of human communities influences the 
geographic extent, composition, biological diversity, and viability of natural systems. 

Connections to the CA CCSS for ELA/Literacy: RI.3.1, RI.3.2, RI.3.3, W.3.2, W.3.3  

Connections to the CA CCSSM: MP.5, MP.6 

Vignette Debrief 1033	

The CA NGSS require that students engage in science and engineering practices 1034	

to develop deeper understanding of the disciplinary core ideas and crosscutting 1035	

concepts. The lessons give students multiple opportunities to engage with the core 1036	

ideas in life sciences (biological evolution and environmental changes), helping them to 1037	

move towards mastery of the three components described in the CA NGSS 1038	

performance expectation. 1039	

In this vignette, the teacher selected two performance expectations but in the 1040	

lessons described above she only engaged students in selected portions of these PEs. 1041	

Full mastery of these PEs will be achieved throughout subsequent instructional 1042	

segments.  1043	

Students were engaged in a number of science practices with a focus on 1044	

analyzing and interpreting data, constructing explanations and designing 1045	

solutions, and engaging in argument from evidence. 1046	

Based on their firsthand observations in the local area, they discovered the 1047	

types of plants and animals that lived near the school, collected evidence about 1048	

environmental changes, and the effects of those changes on organisms. Having 1049	

developed their basic knowledge about environmental changes and their effects on 1050	

plants and animals, students identified an environmental change they wanted to 1051	

investigate further. This ultimately led them to design, propose, and compare several 1052	

possible solutions to what they had observed. 1053	

 1054	
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The field trip and subsequent class discussions provided a context within which 1055	

the students could begin framing their developing knowledge about components and 1056	

interactions in natural systems, and how what they observed related to California 1057	

Environmental Principle II Concept c, regarding how “the expansion and operation of 1058	

human communities influences the geographic extent, composition, biological diversity, 1059	

and viability of natural systems.” In addition, these experiences offered an opportunity 1060	

for students to begin developing their understanding of the crosscutting concept of 1061	

cause and effect. 1062	

 1063	

CCSS Connections to English Language Arts and Mathematics 1064	

Students used the text in Sweetwater Marsh National Wildlife Refuge as the 1065	

basis for describing the relationships between a series of historical events, scientific 1066	

ideas, and concepts associated with the effects of human activities on the plants and 1067	

animals that live in the marsh. They then identified the main ideas within the reader 1068	

based on their notes, and questions and answers during a class discussion. These 1069	

activities correspond to the CA CCSS for ELA/Literacy Reading Informational Text 1070	

Standard 3 (RI.3.1, RI.3.2, RI.3.3). In addition, they reinforced their writing skills by taking 1071	

brief notes from print sources and writing an informative text that identified problems in the 1072	

marsh and possible solutions, corresponding to Writing Standard 3 (W.3.2, W.3.3). 1073	

While developing the designs for their native plant gardens, students were 1074	

challenged to use rulers to measure possible garden plots with precision, applying the 1075	

CA CCSSM Standards for Mathematical Practice 5 and 6 (MP.5, MP.6). They also 1076	

calculated the costs of the alternative designs and used this information, and other 1077	

considerations, to refine their designs to fit the available space and budget. 1078	

Additionally, this activity reinforces what students had learned about area and perimeter 1079	

during previous lessons. 1080	

 1081	
MP.5 Use appropriate tools strategically. 1082	
MP.6 Attend to precision. 1083	
 1084	
 1085	
 1086	
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Resources for the Vignette 1087	
• California Education and the Environment Initiative. 2011. Living Things in 1088	

Changing Environments. Sacramento: Office of Education and the Environment. 1089	

 1090	
Group Behaviors and Ecosystems 1091	

 Why do bees form a hive? How do penguins keep their eggs from freezing? 1092	

Students in third grade collect observational data on how organisms interact in groups 1093	

to benefit individuals within the group. Science experiences for third graders can include 1094	

activities and games where teams complete tasks that highlight the potential individual 1095	

benefits of cooperative behavior. Examples of animals in the wild, such as groups of 1096	

penguins in the artic, zebras in Africa, schools of fish (see figure 7), or migrating birds, 1097	

demonstrate group behaviors that benefit group interdependence. Group behaviors are 1098	

found in organisms ranging from unicellular molds to ants to primates, including 1099	

humans. Many species with a strong drive for social affiliation live in groups formed 1100	

based on genetic relatedness, physical proximity, or other recognition mechanisms 1101	

(which may be species specific). Group behavior can increase the chances of survival 1102	

for individuals and their relatives. While some groups are stable over long periods of 1103	

time, others are fluid, with members moving in and out. Groups change over time, for 1104	

example, they may break up if their size or operation becomes counterproductive, if 1105	

dominant members lose their place, or if other key members are removed from the 1106	

group. Group interdependence is so strong a trait that animals that usually live in groups 1107	

suffer behaviorally as well as physiologically when reared in isolation, even if all of their 1108	

physical needs are met.  1109	

1110	
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 1111	
Figure 7:  Some animals like fish may school or form aggregations for many reasons, 1112	

including foraging, reproduction, and defense from predators. (Boatt Press 2015)	 1113	

 1114	

 1115	
 While examining group behaviors of animals, students can explore computer 1116	

simulations. This provides a good opportunity to have students investigate models of a 1117	

phenomena with computer simulations to help students visualize a system that shows 1118	

group behaviors in ecosystems. Craig Reynolds (1987) published a paper where he 1119	

explored computer simulations of flocks, herds, and schools. He was able to create a 1120	

computer simulation. This computer model examined animal motion such as bird flocks 1121	

and fish schools (figure 8.). Another good example is the ants and pheromones 1122	

simulation from NetLogo (Figure 9 below). NetLogo is a multi-agent programmable 1123	

modeling environment used by tens of thousands of students, teachers, and 1124	

researchers worldwide and found at	https://ccl.northwestern.edu/netlogo/. 1125	

1126	
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 1127	
Figure 8: This is a depiction of the simulated bird-oid object (BOID) flock avoiding 1128	

cylindrical obstacles (1986) 1129	

 1130	

 1131	
 1132	

Figure 9:  In this NetLogo ants computer simulation, ants (red) leave a trail of 1133	

pheromones (white) that helps other ants find food (blue) around their nest (purple). 1134	

This is a model of biological phenomena that helps students construct explanations 1135	

using a model. (NetLogo 2015)  1136	

 1137	
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 1138	

Grade Three – Instructional Segment 4: Weather, Climate and Impacts 1139	

Students experience weather every day of their life and have a large body of 1140	

prior knowledge even in the early elementary grades. They can often describe the 1141	

weather at different times of year and in different parts of the world using rich 1142	

descriptions, but this instructional segment will push them to describing these conditions 1143	

using numbers (scale, proportion, and quantity). 1144	

 1145	

Grade Three-Instructional Segment 4: Weather, Climate and Impacts 

What is typical weather in different parts of the world? 

What is typical weather in different times of the year? 

What weather patterns are common for different seasons? 

How can the impact of weather-related hazards be reduced?* 

Crosscutting concepts: Patterns, Cause & Effects 

Science and Engineering Practices: Analyzing and Interpreting Data; Obtaining and 

Evaluating and Communicating Information.  

Students who demonstrate understanding can: 

3-ESS2-1   Represent data in tables and graphical displays to describe typical 
weather conditions during a particular season. [Clarification Statement: 

Examples of data could include average temperature, precipitation, and wind 

direction.] [Assessment Boundary: Assessment of graphical displays is limited 

to pictographs and bar graphs. Assessment does not include climate change.] 

3-ESS2-2 Obtain and combine information to describe climates in different 
regions of the world. 

[This performance expectation does not have a clarification statement or an 

assessment boundary.] 

3- ESS3-1 Make a claim about the merit of a design solution that reduces the 
impacts of a weather-related hazard. *[Clarification Statement: Examples of 

design solutions to weather-related hazards could include barriers to prevent 

flooding, wind resistant roofs, and lightning rods.] 
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3-5-ETS-1   Define a simple design problem reflecting a need or a want that 
includes specified criteria for success and constraints on materials, time, 
or cost.	

[This performance expectation does not have a clarification statement or an 

assessment boundary.] 

3-5-ETS-2  Generate and compare multiple possible solutions to a problem based 
on how well each is likely to meet the criteria and constraints of the 
problem.	

[This performance expectation does not have a clarification statement or an 

assessment boundary.] 

*The performance expectations marked with an asterisk integrate traditional science content 
with engineering through a science and engineering practice or disciplinary core idea. 
 1146	

Background for Teachers 1147	

In this instructional segment, students analyze and interpret data to describe 1148	

typical weather conditions expected during a particular season and in different regions 1149	

of the world. By applying their understanding of weather-related hazards, students are 1150	

able to argue from evidence about the merit of a design solution that reduces the 1151	

impacts of such hazards. Students are asking questions like: What is typical weather 1152	

in my local region? How does it compare to other areas of California? Does it change 1153	

during the year? What weather patterns are common for different seasons? What 1154	

weather-related hazards are in my region? How can we reduce weather-related 1155	

hazards? 1156	

 Through exploration of multiple examples, students develop an understanding of 1157	

the distinction between weather and climate. Weather, which varies from day to day and 1158	

seasonally throughout the year, is the condition of the atmosphere at a given place and 1159	

time. Even though the weather changes all the time, there are certain weather patterns 1160	

that repeat each year at each spot on Earth. For example, it almost never snows in San 1161	

Francisco or Los Angeles, but it does snow every year in the mountains near Lake 1162	

Tahoe or Big Bear, a short drive from those cities. Snow only comes during the winter 1163	
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season in California’s mountains, but other places on Earth like Antarctica receive snow 1164	

year-round. Climate is longer term and location sensitive; it is the range of a region’s 1165	

weather over one year or many years. Because it depends on latitude and geography, 1166	

climate varies from place to place. Weather and climate are shaped by complex 1167	

interactions involving sunlight, the ocean, the atmosphere, ice, landforms, and living 1168	

things. These interactions can drive changes that occur over multiple time scales—from 1169	

hours, days, weeks, and months for weather to years, decades, centuries, and beyond 1170	

for climate.   1171	

 1172	

Description of Instructional Segment 1173	

As part of this instructional segment on 1174	

weather, climate and impacts, students can collect 1175	

weather data such as temperature, precipitation, 1176	

humidity, barometric pressure, and wind direction 1177	

at their school site over the course of a season 1178	

from publically available sources (e.g. 1179	

http://www.weather.gov ). Alternatively, under the 1180	

SEP of asking questions and defining 1181	

problems: (3–5-ETS1-1) Define a simple design 1182	

problem that can be solved through the 1183	

development of an object, tool, process, or system 1184	

and includes several criteria for success and 1185	

constraints on materials, time, or cost. (3–5-ETS1-1186	

1) as an engineering extension, students could 1187	

design and build a weather station to collect weather data about their school site (an 1188	

example of a publically available lesson plan offered by NOAA is available at: 1189	

http://oceanservice.noaa.gov/education/for_fun/BuildyourownWeatherStation.pdf). 1190	

Weather data is an excellent platform to have students look for patterns and make 1191	

cause and effect arguments. Further, it provides ample opportunity for students to 1192	

ELA ELD Connection 
For additional background 
information from different 
sources, students can 
investigate the Climate Kids, 
NASA’s Eye on the Earth, Web 
site at 
http://climatekids.nasa.gov/clim
ate-change-meaning/ that 
addresses weather and climate 
issues. Students can also 
compare important points and 
details from different 
informational texts, such as 
Climates by Theresa Alberti, 
The Magic School Bus and the 
Climate Challenge by Joanna 
Cole, and Climate Maps by Ian 
F. Mahaney.  
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obtain, evaluate, and communicate information through graphic displays, including 1193	

pictographs and bar graphs.  1194	

Moving beyond their school site, student can make further use of publicly 1195	

available sources to plan and carry out investigations based on a region of the world 1196	

and presents the same types of data. Students can present their findings to the group 1197	

with a culminating activity including collecting and sharing students’ work across a 1198	

variety of regional climates to generate a global picture of the variety of climates thus 1199	

supporting the SEP of obtaining, evaluating, and communicating information.  1200	

From instructional segment 2, students 1201	

know that the physical environment plays a major 1202	

role in determining the types of plants and animals 1203	

that live in a region, and climate is an excellent 1204	

example of such a physical factor. As students 1205	

study major climate zones, they can relate them to 1206	

the types of plant life that thrives in different parts 1207	

of the world (analyzing and interpreting data). 1208	

Students might notice important patterns such as 1209	

the banding of specific biomes at different latitudes 1210	

and differences between the biomes along the 1211	

coast versus the interior of some continents (including distinct bands along the coast). 1212	

Each of these patterns is evidence of specific phenomenon that students will explore in 1213	

middle school and they will be able to construct explanations based on what evidence 1214	

they collected (MS-ESS2-6). 1215	

The CA NGSS emphasize students’ ability to describe the differences between 1216	

the climate characteristics of the different climate zones. However, it does not require 1217	

that students know or recognize the names of any of Earth’s biomes. A focus on such 1218	

terminology could distract from the real goal of honing students' ability to make 1219	

observations, recognize patterns in those observations, ask questions about what 1220	

might be causing them, and then engage in arguments from evidence.  1221	

Math Connection 
Measure effects of environment 
on the growth of seedlings. 

• Effects of drought	

• Soil vs. hydroponics	

• Amount of sunlight hours 
per day	

Students would make daily 
observations of each plan, 
recording height measurement, 
number of leaves, color, sketch 
or photo, etc.  
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 1222	

Engineering Connection:	 1223	

A variety of hazards results from natural weather 1224	

processes (e.g., floods, coastal erosion, droughts, wind, 1225	

precipitation or snow). Humans cannot eliminate natural hazards 1226	

but can take steps to reduce their impacts. To reinforce this 1227	

concept, teachers can ask students to design houses that can reduce the impact of 1228	

different hazardous weather conditions and then test their designs. Hazardous weather 1229	

conditions for this activity include heavy snow, heavy rain, drought, and high wind.  1230	

Class activities could focus on weather hazards relevant to the local conditions of the 1231	

region near the school, which students have experienced. Students’ engineering design 1232	

projects show possible solutions to a problem and are limited by available materials and 1233	

resources (constraints). The success of a designed solution is determined by 1234	

considering the desired features of a solution (criteria). Different proposals for solutions 1235	

are compared on the basis of how well each one meets the specified criteria for success 1236	

or how well each takes the constraints into account. (3-5-ETS1-1) 1237	

1238	


