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That statement by the National Research Council 
(NRC) of the National Academies sums up the 
value placed on student talk and scientific 

argumentation in the Next Generation Science 
Standards* (NGSS) and other science standards based 
on the Framework. But it also represents a change 
in the structure of a science lesson where a teacher 
disseminates information and students provide the one 
correct answer to a teacher’s question. It requires that 
students be active participants in their learning—that 
they share and support their ideas even if the ideas are 
not that “one correct answer.” 

“Teachers are working hard to develop strategies to 
help students say, ‘I can do this,’” Hoover Herrera 

explains. Herrera, a customer success and curriculum 
marketing manager for Carolina Biological Supply 
Company, is a master math teacher and national 
training specialist who has turned his expertise to help 
teachers recognize, promote, and assess discourse  
in the science classroom. 

“All students come into school knowing things, and 
discourse draws on their funds of knowledge,” he 
says. “But because of immediate gratification—
everything they do is fast—we need to try to get 
students to slow down and think . . . Science is 
thinking. We need to guide them through discourse  
to make their thinking visible to others.”

“�...Students cannot ful ly understand scientif ic and engineering ideas 
without engaging in the practices of inquiry and the discourses by 
which such ideas are developed and refined.” National Research Council
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Discourse Vs. Scientific 
Discourse
Discourse is the verbal exchange of ideas, or simply, 
talking. Scientific discourse involves argumentation based 
on evidence to persuade colleagues—or classmates—that 
ideas are valid. The NGSS calls for science learning to 
be mediated by productive argumentation supported by 
evidence, collaboration, and analysis. (NSTA 2015)

“Skill and persistence are required to help students grasp 
the difference between scientific argument, which rests 
on plausibility and evidence and has the goal of shared 
understanding, and everyday argument, which relies on 
power and persuasiveness and assumes that the goal 
is winning,” the NRC says in Taking Science to School: 
Learning and Teaching Science in Grades K–8. (NRC 2007, 
187–188)

Today’s standards focus on a three-dimensional 
approach—science and engineering practices, 
crosscutting concepts, and disciplinary core ideas—that 
engages students in sensemaking through hands-on 
investigations and exchanging ideas, or discourse.

“Instead of providing them with a right or wrong answer, 
we’re trying to get them to make those connections 
for themselves,” Emily C. Miller, an NGSS writing team 
member, explains as part of a National Science Teaching 
Association video on supporting talk in the classroom. 
“We’re saying, ‘What are your ideas?’ and then we’re 
seeing all of them as valuable, and we’re helping those 
kids understand that [their] ideas are actually really 
wonderful and make a lot of sense.” (NSTA 2015) This can 
be a significant shift from the classroom culture where 

Scientists and engineers...

⁕ �Use argumentation to listen to, 
compare, and evaluate competing 
ideas and methods based on 
merits

⁕ �Engage in argumentation when 
investigating a phenomenon, 
testing a design solution,  
resolving questions about 
measurements, building data 
models, and using evidence to 
evaluate claims
                        (NGSS Lead States 2013, 397)

the teacher initiates the questions, a student responds 
(or breathes a sigh of relief when another classmate 
responds), and the teacher evaluates the response.

“We need to shift thinking from answer-getting,” Herrera 
explains. “When a student responds, it doesn’t matter 
if the answer is incorrect, incomplete, or correct. It’s 
now about the evidence. With the question, ‘What did 
you observe?’ there’s not a right or wrong answer. I tell 
teachers to develop a poker face that doesn’t give away 
what they’re thinking. Whether the answer is right or 
wrong, the teacher is going to ask why—to ask for the 
evidence to understand the student’s thinking.”
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Examples in italics are from Building Blocks of Science® 3D, Smithsonian Science for the Classroom™, 
Science and Technology Concepts™ Middle School, and Carolina Kits® 3D programs.

Examples of NGSS Science and Engineering Practice 7: Engaging in Argument from Evidence
Grades K–2

Listen actively to arguments to indicate agreement or 
disagreement based on evidence, and/or to retell the 
main points of the argument.

Students engage in a class discussion to argue how 
mountains, valleys, lakes, rivers, and islands form.

Construct an argument with evidence to support a claim. Students build and test a string phone to support that 
sound can travel through solid materials.

Make a claim about the effectiveness of an object, tool, 
or solution that is supported by relevant evidence.

Students model how pollen or seeds are distributed and 
discuss how effective each method is.

Grades 3–5

Respectfully provide and receive critiques from peers 
about a proposed procedure, explanation or model by 
citing relevant evidence and posing specific questions.

Students develop a model to show the pattern of gravity 
around Earth, then use the model as evidence to argue 
that gravity is a force directed toward the center of a 
spherical Earth.

Construct and/or support an argument with evidence, 
data, and/or a model.

Students investigate mixtures to gather evidence for 
physical and chemical changes.

Make an oral or written argument that supports or  
refutes the advertised performance of a device, process, 
or system, based on empirical evidence concerning  
whether or not the technology meets relevant criteria  
and constraints.

Students construct and present arguments for how 
human activity can affect aquatic systems.

Grades 6–8

Compare and critique two arguments on the same topic; 
analyze whether they emphasize similar or different 
evidence and/or interpretations of fact.

Students use claims, evidence, and reasoning to explain 
whether anatomical structures can help scientists infer 
relationships between modern and extinct organisms.

Construct, use, and/or present an oral and written 
argument supported by empirical evidence and scientific 
reasoning to support or refute an explanation or a model 
for a phenomenon or solution to a problem.

Students use experimental evidence to support the claim 
that an energy transfer is responsible for changes in 
kinetic energy.

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.

Students compare forms of renewable energy and make 
a claim about which method would be most effective in 
their area.

Grades 9–12

Evaluate the claims, evidence, and/or reasoning behind 
currently accepted explanations or solutions to determine 
the merits of arguments.

Students observe the impact of ultraviolet light on 
yeast strains as supporting or refuting evidence of DNA 
damage and the importance of DNA repair systems.

Construct, use, and/or present an oral and written 
argument or counter argument based on data and 
evidence.

Students collect spectral data from different elements 
and light sources, analyze star spectrographs, and 
investigate the Doppler effect to make an argument for or 
against the claim that the universe is expanding.

Make and defend a claim based on evidence about the 
natural world or the effectiveness of a design solution 
that reflects scientific knowledge and student-generated 
evidence.

Students collect data from the electrolysis of water in a 
petri dish with added universal indicator to argue about 
the reactions and electron transfer occurring at each 
electrode.

(NGSS Lead States 2013, 397)
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Orchestrating Productive 
Scientific Argumentation
Teachers, who often find themselves mediating student 
conflict, may hesitate to promote argumentation. To 
engage all students in productive discourse, the teacher 
should create a class community where sharing ideas 
and actively listening is the norm and integrate discourse 
strategies in a variety of subjects to help students 
distinguish similarities and differences between the 
scientific argumentation that leads to making sense of 
phenomena and other types of argumentation.

When considering an essential question of a unit or 
an investigation, Herrera recommends a change in 
philosophy. Instead of asking, “How can I teach my kids 
to get the answer to this question?” ask, “How can I use 
this question to teach the science?” The teacher can start 
a teacher-to-student discussion to make sure all students 
are involved but then serve as a bridge between students 
and promote active listening.

Develop questions, Herrera says, that encourage 
students to take risks and build knowledge. “We want 
everyone to talk. All students, whether they are strugglers 
or advanced learners, need to be involved in discourse,” 
he explains. “Start with the struggling learners but give 
them a question that’s challenging enough to give them an 
opportunity to think but not so hard as to deter them from 
participating. If students feel confident and safe, they’ll 
also want to participate more.”

The teacher can lead group discussions to elicit prior 
knowledge but recognize that prior knowledge can be 
an asset or a hinderance. As an asset, it demonstrates 
knowledge and understanding of the disciplinary core 
ideas. But prior knowledge can hinder sensemaking if it 
is incomplete or based on misconceptions. “The teacher 
needs to discover the root of the misconception and lead 
students to that aha moment when they figure out the 
correct answer,” Herrera says. “Keep probing through 
discourse: ‘Why do you think that …?’”

Among his discourse-promoting strategies, Herrera 
suggests that teachers encourage students to ask each 
other questions—“the holy grail of student discourse”— 
or provide incomplete data so students need to figure 
out the missing information. When available, use an 
interactive whiteboard to have students write or draw their 
thoughts, leading to a whole-group discussion of who 
agrees, disagrees, and why. “These are strategies that can 
be used with any grade level and really in any subject,”  
he says. 

In addition, use a curriculum or investigation kits that 
specifically incorporate discourse opportunities as 
fundamental strategies to support teachers in prompting 
and engaging students in discussions of investigative 
phenomena, data, and results. Herrera advises using a 
program that goes beyond just encouraging discussions 
by explicitly calling out to teachers when, where, and how 
to engage students in discussions.

Differentiation Tip
For high-level thinking, challenge students to come up with examples of plants that could 
be considered predators, and what adaptations they would need to have. You may wish to 
follow up with a discussion and video clip on carnivorous plants, such as the Venus flytrap.

Differentiation Strategy

From Building Blocks of Science 3D: Life in Ecosystems

“�... �encourage students 
to ask each other 
questions—‘the 
holy grai l  of student 
discourse’... ”
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“�What evidence wil l 
convince you that 
they [students] 
reached the goal of 
understanding?”

Assessing Understanding
Science standards based on the Framework encourage 
teachers to consider the degree to which the three 
dimensions contribute to sensemaking, leading Achieve to 
draft a framework to help evaluate the cognitive complexity 
of assessment tasks. (Achieve, Inc. 2019) Students not 
only need to know science concepts but also must apply 
their understanding (NGSS Lead States 2013, 382), and 
teachers, the Framework says, “. . . need to learn how to 
use student-developed models, classroom discourse, and 
other formative assessment approaches to gauge student 
thinking and design further instruction based on it.” (NRC 
2012, 256) 

So Herrera poses this question to teachers: “What 
evidence will convince you that they [students] reached the 
goal of understanding?” 

Written and physical evidence oftentimes present the 
obvious indicators of learning. But verbal evidence, 
Herrera says, where students need to put their thinking into 
words, can be the most challenging as students struggle 
to express their ideas and teachers endeavor to determine 
the level of sensemaking that students are demonstrating.

In Ready, Set, Science! Putting Research to Work in K–8 
Classrooms, the NRC offers the following six talk moves 
to encourage discourse and help students verbalize their 
reasoning. (NRC 2008, 91)

• Revoice what a student said. 
• Ask students to restate a classmate’s reasoning. 
• �Ask students to apply their own reasoning to a  

classmate’s reasoning. 

• Prompt students for further participation. 
• Ask students to explicate their reasoning. 

• Use wait time. 
These talk moves and strategies give students practice 
developing and articulating their thoughts, providing 
the evidence teachers need to assess the levels of 
sensemaking. But as teachers guide students to take 
thinking to a higher level, the intended outcome of 
scientific discourse needs to be at the forefront of the 
interactions: students are presenting ideas and evidence 
not to win an argument or to provide the one correct 
answer but rather to respectfully encourage one another 
in discovery as they work as scientists and engineers to 
figure out a phenomenon.

https://www.carolina.com/k-8-curriculum-programs
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CAROLINA
Carolina Biological Supply Company is a leading 
supplier of science teaching materials. Headquartered in 
Burlington, North Carolina, it serves customers worldwide, 
including teachers, professors, homeschool educators, 
and professionals in health- and science-related fields. 
Carolina is the exclusive developer and distributor of 
the Building Blocks of Science® 3D curriculum and the 
new BBS3D@Home digital component for grades K–5 
as well as the Carolina Kits 3D® and Carolina Kits 3D® 
Flex programs that engage grades 9–12 students in the 
practices that support scientific argumentation.
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ABOUT SMITHSONIAN SCIENCE 
EDUCATION CENTER
The Smithsonian Science Education Center (SSEC) aims 
to transform and improve the teaching and learning of 
science for K–12 students by fully addressing science 
standards. It developed the grades K–5 Smithsonian 
Science for the Classroom™ (SSftC) phenomena- and 
problem-based modules and the grades 6–8 Science and 
Technology Concepts™ Middle School (STCMS) practice-
based units to engage students in three-dimensional, 
hands-on learning that incorporates science and 
engineering practices.

REFERENCES

ABOUT

Learn how a robust three-dimensional, 
phenomena-based science program 
supports deeper understanding 
through scientific argumentation at 
Carolina.com/curriculum.

curriculum@carolina.com
800.334.5551

LEARN MORE

*Next Generation Science Standards® is a registered trademark of WestEd. 
Neither WestEd nor the lead states and partners that developed the Next 
Generation Science Standards were involved in the production of this 
product, and do not endorse it.

©Smithsonian Science Education Center. The Smithsonian Science 
Education Center is Transforming K–12 Education through Science™ in 
collaboration with communities across the globe.  
ScienceEducation.si.edu
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