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Welcome! The Dynamic Learning Maps® Alternate Assessment System is an 
assessment designed to measure what students with significant cognitive 
disabilities know and can do. This learning module will provide an overview of the 
Science and Engineering Practice of "constructing explanations" for use with 
students with significant cognitive disabilities and how the Dynamic Learning Maps 
Essential Elements can support science learning.  

This module is about the Science and Engineering Practice (or SEP) of constructing 
explanations. It is one in a series of modules that supports teachers of students with 
significant cognitive disabilities in their efforts to teach and assess. It is part of the 
professional development efforts of the Dynamic Learning Maps Alternate 
Assessment Consortium.  

This module covers the first part of Science and Engineering Practice #6 from the 
national Framework for K-12 Science Education. Practice #6 is "Constructing 
Explanations and Designing Solutions." "Designing Solutions" for engineering will be 
addressed in a separate and future module. The SEPs were developed to ensure that 
students learn about the world in ways similar to those of professional scientists.  

After completing this module, you will be able to describe the Science and 
Engineering Practice (or SEP) #6, Constructing Scientific Explanations.  

After completing this module, you will be able to adapt and use an inquiry-based 
framework to assist students with significant cognitive disabilities to construct a 
scientific explanation.  

After completing this module, you will be able to choose levels of complexity and use 
other tools to plan instruction for students focused on how to construct scientific 
explanations.  

The Framework for K-12 Science Education states that “From its inception, one of 
the principal goals of science education has been to cultivate students’ scientific 
habits of mind, develop their capability to engage in scientific inquiry, and teach 
them how to reason in a scientific context.” This statement calls on you, the teacher, 
to teach students to THINK like a scientist. It also calls for planning instruction with 
a focus on thinking and action. You must plan how you want students to think about 
a core scientific idea. You must plan what you want them to do with the core idea. 
When planning a lesson, consider how best to get students to interact with 
materials, content, or observations of the natural world. Teachers play a key role in 
fostering students' scientific habits of mind.  

Getting students to DO science involves science and engineering practices that 
emphasize ACTION.  
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All DLM Essential Elements begin with a phrase that includes a group of action verbs 
indicating what students are expected to DO within a science core idea. These 
actions form the tool belt of the student scientist.  

When you are planning an inquiry lesson, start with how students are expected to 
DO science by reading the action phrase at the beginning of the Essential Element. 
That phrase will always represent one of the eight Science and Engineering 
Practices.  

One thing students should DO as they interact with science content is to 
communicate their understanding through scientific explanations. Scientific 
explanations are defined by the National Research Council as “Causal accounts of 
phenomena that link scientific theory with specific observations.” In other words, 
they are data-based explanations of things we observe. Students with the most 
significant cognitive disabilities should be supported in science while observing a 
phenomenon, collecting data, and explaining what they think happened based on 
the data.  

Cause and effect relationships found in science learning are also found in English 
language arts (or ELA) and mathematics. DLM Essential Elements for ELA and 
mathematics provide support. For example, ELA Essential Elements address 
research and inquiry, providing reason and evidence. Mathematics Essential 
Elements promote learning how to represent and interpret data. These skills come 
together in SEP #6.  

Students engage in scientific explanation when they describe how something works. 
Some common examples of science concepts that students can explain include:   

From elementary life science EE LS1-1, What resources plants need in order to 
grow.  

From middle school Earth science EE ESS2-2, How Earth processes (such as running 
water in rivers) change the surface of the Earth.  

From high school physical science EE PS3-4, How the temperatures of two different 
liquids, one hot and one cold, change after they are combined.  

How can students with significant cognitive disabilities access such complex 
scientific ideas and create explanations?  

The Claim-Evidence-Reasoning (or C-E-R) Framework is an inquiry-based strategy 
that supports the development of thinking and writing skills. The C-E-R Framework 
provides a scaffold for students to connect their experiences to new information 
gathered through observation, experiments, reading, or discussion. Scaffolding 
helps students to build upon their prior experiences and knowledge, as well as to 
build a better understanding of concepts and practices.  

You can use the C-E-R Framework to make the scientific explanations accessible for 
students with significant cognitive disabilities. The C-E-R Framework is inquiry-
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based, which means that it is a form of active learning where the student or teacher 
pose questions, solve problems, and consider scenarios. Inquiry-based designs are 
often assisted by a facilitator rather than a lecturer. The teacher, as facilitator, 
encourages exploration of ideas through questioning, problem solving, and 
considering scenarios.  

This diagram shows the relationship among components of the C-E-R Framework.  

Claim: The first circle “C” represents the claim. The claim is a statement that 
expresses the answer or conclusion to a question or problem.  

Evidence: The second circle "E" represents the evidence component. Students 
gather evidence or data to support their claims.  

Reasoning: The third circle "R" represents reasoning. Reasoning is a description of 
how the evidence supports the claim and includes existing scientific principles that 
connect the evidence to the claim. This leads to a supported explanation for the 
science question posed.  

How might the C-E-R Framework look when used with students with significant 
cognitive disabilities? In science, we begin with an investigative question that 
students may have about the phenomenon or event. Some questions to consider for 
planning include: What do my students already know about the phenomenon or 
event? What are the different aspects of what the students and I are observing? Can 
my students describe these observations in detail with the five senses? Where can 
we find out more about the phenomenon or event? Why does this phenomenon 
work in a specific way? What do we anticipate happening in the future?  

For example, if we observe a plant that is growing in the window and a plant that is 
growing in the dark closet, what do we think will happen to the plants over time? 
The answer to this question is a scientific claim!  

If a student does not have adequate access to all five senses, ask them to use the 
senses they do have to make sense of the world. For example, if we want a visually 
impaired student to understand water erosion, they can listen to rain and feel soil 
movement as it interacts with moving water on a stream table. Additionally, 
students needing support with communication could choose from a set of provided 
phrases that complete the prompts and statements used within the C-E-R 
Framework.  

What have you observed about your students' curiosity about the natural 
environment? What strategies have been successful in helping them explore the 
reasons for why things occur?  

Some ways to incorporate inquiry-based science instruction include having students 
walk around the playground to look for blooming plants or observe birds, squirrels, 
other wildlife; recording daily temperature every week throughout a period of time; 
providing rocks, shells, seeds, or vegetables for students to describe to a partner; or 
placing ice cubes on hot cement to observe what happens.  
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Activities like these get students with significant cognitive disabilities to hone their 
observation skills, which can increase their attention when you ask what they think 
is happening. The goal is to get students with significant cognitive disabilities to 
start observing events inside and outside the classroom and create their own 
explanations for what they think is happening. Guidance by the teacher with their 
probing questions is essential.  

How might you use questioning with your students? [Pause for think time.]  

The Adapted C-E-R Framework acts as a guide for students with significant 
cognitive disabilities to work through as a part of organizing science lesson 
activities. In scientific investigations, multiple pieces of evidence are required to be 
able to build a solid scientific explanation. So, once students have developed a claim 
and discovered evidence, they create statements using the prompt “I think…”  

For example, after discussing, reading, or observing a rain event, students might 
claim, “I think the rain changed my backyard.” Students then collect and identify at 
least two pieces of evidence that support this claim, and they then complete each 
evidence statement.  

In this example, students might write or say, “I think this because after a heavy rain, 
there is a trench in my backyard. I think this because I see small rocks that weren't 
in my backyard before."  

Finally, students use the evidence to write or say a statement supplying reasoning. 
In this example, students write or say, “The science idea that helps me explain this is 
water erosion because water pushes the soil and rock.”  

In additional investigations or readings and as students observe more evidence, 
they might say, “I think that rivers carve out a canyon. I think this because, when I 
look at pictures of a canyon, the river fits perfectly at the bottom of the canyon. The 
science idea that helps me explain this is water erosion of the land over a long time.”  

This C-E-R Framework template can help both teachers and students construct 
scientific explanations. A sample template is provided in the handouts for this 
module.  

Students need multiple opportunities to test their claims, especially when they find 
evidence that may not support their claim.  

Students with significant cognitive disabilities should be able to use two pieces of 
evidence to support a claim; general education students should gather at least three 
pieces of evidence.  

When designing a science lesson, plan for students to engage in multiple activities to 
ensure that they collect enough evidence to best support their claim.  

In this video, science teacher Paul Anderson breaks down specific examples and 
ways to teach using the C-E-R Framework in a general education classroom. He 
describes science explanations as the connection between good questions and 
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evidence gathered in investigating those questions. You can adapt this process for 
your students with significant cognitive disabilities by reducing the complexity of 
the questions asked as well as the type and number of pieces of evidence they will 
address. You may find some great ideas that you can adapt for your classroom in 
this video.  

[Transcription of YouTube video: 
https://www.youtube.com/watch?v=5KKsLuRPsvU]  

Hi, it's Paul Anderson. In this video, I want to talk about C-E-R. It's a framework for 
making explanations in the science classroom. 

It's a skill that teachers should give their students and students should have if they 
want to improve their scores on lab write-ups, on essays, or on big exams. But 
before we talk about C-E-R, let's talk about science in general. In science, what we're 
doing is gathering evidence for investigations of the natural world. 

We're then coming up with explanations that are critiqued over time. But, 
unfortunately, a lot of the time in a science classroom, the investigations are 
developed by the teacher itself, and the students are just going through a cookbook 
lab, and so we want to avoid that if we can. But, also, we spend too much time on the 
investigation itself, on the variables and controlling the variables. 

And then when we get to the end of coming up with an explanation of what we learn, 
we kind of fall down on that point. 

And so, the C-E-R is a framework that makes this explanation-making explicit. It was 
developed by Doctor Kate McNeill and Doctor Joe Krajcik. I'll put links to some of 
their material down below, but it's an acronym. The C stands for claim; the E stands 
for evidence; and the R stands for reasoning. 

Sometimes you'll hear rebuttal added at the end of that. That's looking at somebody 
else’s claim evidence and reasoning. But this is my model for how claim-evidence-
reasoning works. Claim is an answer to a question that's asked. Evidence is going to 
be what you gather, empirical evidence that's gathered in the lab or through 
research, and then reasoning is going to be a logical connection between the 
evidence and the claim that you're trying to make. 

Now, students will generally do really good at the evidence gathering, but they fall 
down when it comes to this logical connection, and so a good tip is to make sure that 
your reasoning is based in some kind of a scientific definition, rule, principle. That's 
a way that in science we can all agree on that. 

Now what should a teacher provide? A teacher should simply provide a good 
question and a way to answer that question. So, let's say in the science classroom I 
give my students a bunch of dice, but they're different-looking dice. They're skew 
dice that look like this, and I asked them the following question. 

https://www.youtube.com/watch?v=5KKsLuRPsvU
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Are these skew dice fair? Now they can start gathering evidence right away. They 
could roll the dice a bunch of times. We could measure the dice, look at their center 
of gravity, maybe measure all of the sides to make sure that they're all the same. 

But before we jump in and start doing evidence, make sure that you've actually 
framed the question and you understand what's being asked. Make sure that you 
could define everything that's in this this question itself. I'm sure you know what 
skew dice is, but are we all in agreement with what it is to be fair? Well, let's define 
it. 

There is this idea that each side has an equal probability of ending up on top. Now, 
once we have that definition, you can use that in that logical connection. Let's get to 
an actual science question that we could answer: Is air matter? That's a question you 
could answer in the science laboratory. Before we dig in and start gathering 
evidence, however, we should frame the question to make sure that we understand 
what every term in there means. 

So, what is air? Air is an invisible substance that surrounds the Earth. What is 
matter? Matter is anything that has mass and takes up space. What else do we know 
about matter? It can be neither created nor destroyed. So sometimes, it's helpful at 
the beginning to get all of these listed out so that we can use them at a later date. 

Now we can use a form like this to do our claim-evidence-reasoning. Claim is going 
to be an answer to the question, but generally, we don't start there. We have to start 
by gathering evidence. So perhaps I take a balloon, put it on a scale, and then I fill up 
a balloon and put it on the same scale. I'm trying to show that there's an increase in 
mass. 

And then maybe I want to look at the takes up space side of the matter. Maybe I take 
a bottle filled with water, pump air into it, and I can displace some of that water, and 
so now I can make a claim. 

Yes, air is matter. That's going to be my claim. I've gathered evidence, but now how 
do I do the reasoning? 

Well, the reasoning is easier if it's tied to one of those scientific definitions that I had 
before. So, let me read you my reasoning. The mass of the balloon increased when 
air was added, indicating that the air had mass. The air displaced a volume of water, 
indicating that the air also has a volume. Since matter must have both mass and 
volume, my evidence suggests that air is matter.  

That reasoning part is what we hope our students will start to write, and they never 
do. Generally, when they're doing a lab write-up, they simply tell us the evidence 
they gathered over and over and over in more detail. 

But what we really want is a connection between the evidence that you gathered 
and the explanation that you're trying to make. Now we could do a rebuttal on that. 
We could say, well, let's look at the evidence here. 
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You blew this up. So, that's air coming from your lungs, so it's not coming from the 
environment, so that could impact it. Maybe it's water there, and also it looks like 
there's air right here. And so, are you really measuring air, or are we measuring air 
pressure? And so now we can have argumentation, or we can talk about the 
evidence or the reasoning. Now all you do when you're doing labs that use claim-
evidence-reasoning is just give them a good question and a material to answer the 
question. 

I could give them a bunch of magnets, and I could say, “Which of these is the 
strongest?” Give them a bunch of paperclips, rulers, whatever, rubber bands, 
washers, and they have to answer this question. The first question they should ask 
you as a teacher, however, is let's make sure we frame the question and define 
everything inside it.  

What is magnetic strength? 

And if we say it's a measure of the attractiveness or attractive force between the 
magnet and magnetic material, do we know what a force is? Once we have all of 
these definitions out there, it's easier for you to do a claim-evidence-reasoning. 

Now these are pretty low-level science questions. We could do it in a chemistry lab 
as well. One thing that puzzles students a lot of the time is when you boil water. It 
gets to around 100 degrees Celsius, and then it stays there. I used to have kids who 
would look at their thermometer and thought it was somehow broken. But we have 
this curve that looks like this, so as we heat something up, as we apply heat to it, as 
it goes from a solid to a liquid to a gas, we get these plateaus where the temperature 
stays the same.  

So, I could ask them a question, “What happens to the energy during a phase 
change? What happens to the energy right here?” And so, what they should be doing 
is coming up with an explanation. They should be coming up with a claim. How 
should they do that?  

Number one, frame what the question is asking. Do we know what energy is? Do we 
know what a phase change is? Do we know any things that might be applicable to 
energy like the law of conservation of energy? Now they're going to gather a bunch 
of evidence. 

What's some relevant evidence?  

We can see a phase change from liquid to gas is occurring right here. 

We see during this time that we're adding heat, but the temperature is not going up, 
and so you could gather a bunch of evidence, but then making that connection, 
making the reasoning, it's going to be based in some kind of principle. And you could 
try to make that connection down below. You could write your reasoning in the 
comments if you wanted to.  
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So, what is claim, evidence, and reasoning? It's a way to make explanations, and if 
you step through those three parts when you're ever asked to explain what you 
learned, as long as you say, “Here's my claim, here's the evidence, and here's the 
reasoning to back it up,” you're going to do much better than you have in the past. 

I wanted to thank Chris Neurinski. He put this forward as an idea of a video. If you 
have a suggestion for a video you'd like me to make, put it, again, in the comments 
down below.  

But that's claim-evidence-reasoning, and I hope that was helpful. 

An important goal of science instruction is for students to create explanations for 
how something works before the teacher explains the phenomenon. In effective 
science lessons, students think about and explore the phenomenon, with guidance, 
to discover the cause. Active participation in scientific investigations allows 
students to make sense of cause-and-effect relationships as well as events and 
processes in the natural world.  

It is important to meet students with significant cognitive disabilities where they are 
in their learning. DLM has created entry points for students to engage with science 
concepts and practices. DLM's Adapted Science and Engineering Practices provide 
the foundation for you to design and deliver high quality, engaging science 
instruction for your students.  

The developmental milestones for each grade level support instructional decisions 
that are appropriate for all learners. For example, elementary students learn to be 
good observers, which can lead them to identify evidence and observe scientific 
phenomena. In middle school, students use their skills in identification and 
observations to begin making connections between claims and evidence. And finally, 
in high school, students use multiple sources of evidence to make claims and 
construct explanations. These concepts work together to support your planning and 
delivery of highly engaging science instruction for your students.  

DLM has adapted the SEPs for use with students with significant cognitive 
disabilities. The adaptations are reflected in the way the complexity increases for 
each SEP as students progress in their learning and through grade bands. As you 
think about your students, consider the knowledge, skills, and understandings that 
each level represents as a guide for where your students should begin learning. 
Students will build on skills gained from the previous grade bands.  

For SEP #6, Constructing Explanations, elementary school students first learn 
observation skills to identify evidence and aspects of phenomena.  

In middle school, students begin to use observations and evidence to identify the 
variables, which describe and predict effects in the natural world.  

In high school, students produce scientific explanations that show the relationships 
between variables. The relationships can include quantitative (such as numeric 
data) or qualitative (such as descriptions).  
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Refer to the handout for this module which describes the DLM Adapted Science and 
Engineering Practices for all eight SEPs included in DLM Science EEs and for more 
detail. This list of adapted SEPs can be used to guide instructional planning and to 
set expectations for your students.  

Let’s focus on one Essential Element for middle school Earth and space science 
(EE.MS.ESS2-2), which states that students should "Explain how geoscience 
processes that occur daily (such as wind, rain, runoff) slowly change the surface of 
Earth, while catastrophic events (such as earthquakes, tornadoes, floods) can 
quickly change the surface of Earth." The teacher decides that a focus on “how rivers 
change the surface of the Earth” will be a good example of a geoscience process that 
meets this Essential Element.  

What questions could you pose with your students to investigate this concept? 
Pause for a few minutes to write down two or three questions that you might 
generate with your students.  

[Pause for think time.]  

When you connect rivers that students observe to the scientific concepts of how 
rivers change the surface of the Earth, students with significant cognitive disabilities 
begin to make connections and create their own scientific explanations of other 
phenomena they observe inside and outside the classroom.  

One approach is to begin with the least complex entry point for your students.  

The following example shows how the C-E-R Framework can be used to interpret 
each linkage level of an Essential Element in order to make instructional decisions 
about the appropriate level of complexity for your students with significant 
cognitive disabilities.  

How do students increase their ability to construct explanations as they move 
through grade bands?  

You can plan instruction by considering how the C-E-R Framework can be used to 
elicit student ideas for science phenomena that require constructing explanations.  

One example is the science concept of erosion and how it builds student 
understanding through increased complexity of the SEP.  

Let's work through an example together using the C-E-R Framework.  

Using the DLM linkage levels along with the C-E-R Framework assists in planning 
instruction around the concept of erosion for middle school learners. At the Initial 
linkage level for EE.MS.ESS2-2, students identify Earth science processes, such as 
rain. Then they can use observations of weather conditions as their evidence in the 
first step of the C-E-R Framework. You can encourage students to use their five 
senses in order to observe the natural world around them and gather evidence. 
Videos of rainstorms or simulations of rain using a sink faucet are other options to 
consider for observing weather conditions.  
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For example, during a rainstorm, a student understands that water falls from the sky 
to the ground. The student also sees the results of the rain. Observations include 
knowledge that it is raining, the ground is wet, they can see puddles of water, and 
the water is moving in some places like a stream.  

At the Precursor level for EE.MS.ESS2-2, the student is identifying geoscience 
processes (such as wind, rain, and water runoff) that have an impact on landforms 
(such as landslides and erosion like the formation of gullies). Students make an 
initial claim based on observations and then participate in multiple activities to 
provide evidence. They continue working with the first two components of the 
framework to make connections between evidence and claims.  

For example, a student can see how the rainwater moves through the gully or trench 
and changes its shape. This evidence allows them to provide a claim.  

Students identify processes that have an impact on landforms. Students make a 
claim that rain changed the shape of the land and connects that claim to evidence 
that, after a hard rain, they observed changes in their backyard. A video of a 
mudslide or a stream table are options to consider when unable to experience the 
processes in a natural environment.  

The Target level for EE.MS.ESS2-2 defines expectations for students at the most 
complex level. At this level, the student will explain how geoscience processes that 
occur daily (such as wind, rain, and water runoff) slowly change the surface of Earth, 
while catastrophic events (such as earthquakes, tornadoes, and floods) can quickly 
change the surface of Earth.  

When a student engages with all three elements of the C-E-R Framework, they use 
the evidence gathered to refine their claim into a well-reasoned (and well-informed) 
hypothesis about the processes taking place with regard to water moving over land 
and changing the land over time.  

In this example, students observe evidence of changes to landforms and reason that 
wind and rain moved the soil and changed the land, supporting the claim that rain 
affected the shape of the land. This observation can be accomplished with a video 
example or a stream table.  

A completed C-E-R Framework template includes the sentence starters AND the 
student's words. The example shows how the work at the levels of complexity build. 
A student will write out the full sentence or fill in the blank spaces. I think rain 
affects the shape of land. I think this because after it rains a lot, there is a trench in 
my backyard. I think this because I see small rocks that weren't in my backyard 
before. The science idea that helps me explain this is water erosion because water 
moved soil and rocks. Students may need support to complete the template.  

Teachers or collaborative groups can offer support to determine which terminology 
and phrases for students to use. Remember, for blind or deaf students, additional 
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sensory supports may need to be implemented to get them to use other senses to 
gather evidence.  

This short video provides an example of a simple classroom stream table setup and 
demonstration that can be used to show the effects of water on land through 
erosion. Students can run several simulations on the stream table representing rain 
or flooding in order to gather evidence that leads to a claim supported by reasoning: 
that is, a solid scientific explanation.  

[Sound of trickling water.] 

By understanding the relationship between DLM Essential Elements and the SEPs, 
you can design and deliver inquiry-based science instruction for your students. 
Objective 1 for this module focused on SEP #6, Constructing Explanations, and how 
the DLM Essential Elements support the practice. Through understanding the 
complexity of how Essential Elements relate to Science and Engineering Practice 
standards, teachers can plan for their own learning about science topics, and then 
assess their students individually to decide what approach and focus is right for 
them.  

You can use levels of complexity in linkage levels to make instructional decisions for 
your students and to help them construct scientific explanations. This module 
provided descriptions and examples of the complexity expressed in linkage levels to 
inform your instructional planning focused on constructing scientific explanations, 
which supports Objective 3.  

You can use the C-E-R Framework as a way of supporting your students as they 
construct scientific explanations about real world phenomena. To support Objective 
2, this module provided an adapted C-E-R Framework template and provided 
examples of how to use the framework with SEP #6, Constructing Explanations.  

Some students may need different supports to help them make connections in their 
learning. The ultimate goal is to get students thinking like scientists so that students 
can use those tools in their lives or employment in the future.  

This completes the science learning module for SEP #6, Constructing Explanations. 
For more information about the Essential Elements and the Dynamic Learning Maps 
Alternate Assessment System, please go to www.dynamiclearningmaps.org. The 
website also includes professional development modules for ELA, mathematics, and 
science, as well as instructional resources and DLM science guides.  

Thank you for your participation!  

www.dynamiclearningmaps.org

