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In every discipline, including science, literacy is an 
essential 21st-century competency. If students are to 
become productive world citizens, they need to be 

proficient oral and written communicators. The Com-
mon Core State Standards state that students should 
be able to “write arguments to support claims in an 
analysis of substantive topics or texts, using valid rea-
soning and relevant and sufficient evidence” (NGAC 
and CCSSO 2010, p. 18). Such standards make clear 
that the abilities to develop and support claims are 
key disciplinary literary competencies in English 
language arts (ELA) and history as students engage 
with literature and historical source material. These 
same literacy competencies are essential for science 
students to help them explain various phenomena in 
the natural world. Constructing evidence-based ex-
planations is emphasized as an important scientific 
practice in every major science education document 
including, most recently, the Next Generation Science 
Standards (NGSS), which focus on three-dimensional 
learning as a new methodology of instruction (NGSS 
Lead States, 2013). Three-dimensional instruction in-
tegrates scientific practices, such as Developing Ex-
planations, with disciplinary core ideas and crosscut-
ting concepts. Scientific explanations are responses to 
questions about how or why phenomena occur; these 
statements are supported by evidence.

The use of a similar and explicit explanation frame-
work in science classrooms and in other content 
areas can foster the development of literacy skills 
related to communication, move students toward 
a deeper understanding of big ideas, and provide 
support for creating a cohesive student experience 
when learning about analytical writing. The explana-
tion framework consists of three components: claim, 
evidence, and reasoning (CER) (McNeill and Krajcik 

2011). A claim is a statement that answers the ques-
tion or problem students are investigating. It might 
also state the viewpoint the student will defend or ex-
plicate. Evidence can take a variety of forms and may 
vary depending on the content area and assignment. 
For example, it may include data from an experiment, 
take the form of literary quotations or primary or sec-
ondary sources, or be an expert testimony. Reasoning 
requires that students go more deeply into the mate-
rial by applying content ideas to explain how their evi-
dence supports their claim. In some cases, a rebuttal 
can be added to the framework, allowing students to 
address and refute a counterargument. The length of 
this framework can range from a few sentences to a 
full-length essay, depending on content area and as-
signment sophistication. 

Claim

Evidence

Reasoning
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Raw student dataFIGURE 1

We use this explanation framework in our seventh-
grade science, ELA, and social studies classes, along 
with public speaking units that are dispersed through-
out these curricula. Using this common framework, 
students create explanations of science phenomena, 
literary ideas, historical events and perspectives, and 
personal convictions throughout their seventh-grade 
year. Moreover, they develop their abilities to commu-
nicate these explanations both orally and in writing. 
The process of constructing explanations also helps 
students make connections between ideas, resulting 
in deeper learning of disciplinary 
core ideas. 

In this article, we present exam-
ples of how the explanation frame-
work is used to promote literacy 
across several content areas: science, 
integrated public speaking, ELA, and 
social studies.

The use of the CER structure 
within and across the various dis-
ciplines helps students develop an 
understanding of explanation and ar-
gumentation. Seeing the similarities 
that exist across content areas can 
also make these competencies less 
intimidating, less tacit, and more ac-
cessible for students to use in their 
own argumentation and writing. In 
all content areas, the claim begins 
the argument or explanation and is a 
clear statement. Various types of evi-
dence are then used to support the 
claim, and reasoning is expected to 
answer how or why the evidence sup-
ports the claim. However, across con-
tent areas, the format and structure 
of a claim and evidence will differ. 
For example, in science, the claim 
is a clear statement that answers a 
question or addresses a problem stu-
dents are investigating. In history, 
a claim could put two time periods 
into conversation with one another, 
sharing a common thread of human 
experience, whereas in ELA, a claim 
may offer insight into a moment of 
strangeness in a piece of literature. 
Although the evidence presented 

during a public speaking, ELA, or social studies task 
generally takes the form of primary and secondary 
source material, in science, evidence often takes the 
form of experimental data. In addition, the type of rea-
soning can vary based on discipline. For example, in 
ELA, emphasis may be placed on close analysis of lan-
guage and text structure, but in science, emphasis is 
placed on the integration of particular scientific ideas 
and crosscutting concepts.

Especially in middle school, this common sup-
port allows teachers to more deeply collaborate and 
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Student guide sheetFIGURE 2

discuss the ways that writing and reasoning happen 
across domains, and then support the experiences 
and development of a “toolkit” for students as they 
navigate across classrooms, tasks, and texts. In the 
next section, we elaborate more on the way CER was 
used in science and an accompanying public speak-
ing unit, and then highlight two brief examples within 
ELA and history classes. 

Explanations in science

Constructing evidence-based explanations is an im-
portant scientific practice, but students need support 

in writing explanations (McNeill and Krajcik 2011), 
particularly with respect to providing reasoning to 
support claims. Prior to using the CER framework 
in my classes, students simply reported science data 
without thinking about why they obtained the data 
they did, what that data meant, and if the data counted 
as evidence to support the claim. 

In my seventh-grade, project-based water quality 
unit, I ask students to construct explanations about 
the health of a stream for freshwater organisms, based 
on data collected from various water quality tests and 
their understanding of the science ideas. Figure 1 
presents the raw data a student obtained while in-

vestigating temperature differences 
at the stream. Large temperature 
differences between various loca-
tions can signal thermal pollution, 
resulting in disastrous consequenc-
es for fish and other organisms in 
the stream. Students collected both 
qualitative and quantitative infor-
mation, then analyzed the data and 
communicated their findings by writ-
ing scientific explanations. Figure 2 
shows the guide sheet students are 
provided, which they complete with 
partners. It serves as a scaffold after 
students have been introduced to the 
explanation framework and contains 
prompts to aid students in various as-
pects of constructing their explana-
tion, such as what to think about and 
discuss with each other. Spaces are 
included for notes on an overall claim 
about the results of the water-quality 
test, data reporting, and prompts that 
use science concepts to justify why 
the data serve as evidence to support 
their claim. This last part, incorporat-
ing the science ideas to explain data, 
is reasoning. It is the most challeng-
ing component of scientific explana-
tions; thus, it requires support, prac-
tice, and feedback. The guide sheet 
not only provides students support 
for thinking about the ideas, but it 
also presents the format for writing 
the explanation. 

Students use their original data 
sheet and a graph of their evidence 
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Student’s formal explanationFIGURE 3

to complete notes for an explanation. They then use 
their notes from the guide sheet to create a formal 
scientific explanation that answers various questions. 
Figure 3 is this student’s formal explanation, answer-
ing the question “Does the stream have thermal pollu-
tion?” The guide sheet that students use for notes also 
serves as the rubric for assessing the final explana-
tion. McNeill and Krajcik (2011) present a base rubric 
for assessing explanations (available with this article’s 
online supplements at www.nsta.org/middleschool/
connections.aspx). As students gain more experience 
in writing explanations, a different, less detailed (less 
scaffolded) explanation guide sheet 
(Figure 4) is used until eventually 
students more automatically use the 
CER framework any time they are 
creating an evidence-based explana-
tion or justification.

Figures 5 and 6 show examples of 
student explanations from a seventh-
grade chemistry unit, which asked 
students, “How can I make new stuff 
from old stuff?” (Krajcik et al. 2012). 
The student explanation shown in-
Figure 5 is based on data obtained 
from a teacher demonstration of 
burning magnesium and answers the 
question, “Did a chemical reaction 
occur when your teachers burned 
magnesium?” Figure 6 shows a stu-
dent explanation constructed follow-
ing an experiment in which students 
created an acid rain environment us-
ing vinegar to see whether vinegar 
and copper react to make new sub-
stances. Both students constructed 
their explanations using the CER 
framework to help them explain the 
various phenomena. Each example 
explanation illustrates a response to 
a question about how or why the phe-
nomenon occurred and is supported 
by evidence; each student has a clear 
claim followed by the use of evidence 
that supports that claim. Science 
ideas related to new substances be-
ing formed, reflected in differences 
in properties before and after the 
chemical reaction, are integrated 
into the explanation.

Explanations in public speaking

After creating their formal scientific explanations for 
their water quality findings, all five classes of our stu-
dents work with the interdisciplinary public speaking 
teacher, in collaboration with the science teacher, to 
develop formal presentations including individual and 
group components, to present to their classmates. 
Twenty to 25 students then travel to a neighborhood 
retirement home, which is in close proximity to the 
stream, to present the Stream Study findings.

Through CER, student groups orally and visually 
present the water quality data gathered in science 
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Less scaffolded guide sheetFIGURE 4

class after conducting numerous tests (e.g., pH, ther-
mal pollution, turbidity) on the stream. The goal is 
to inform the audience about the test and its results 
and to persuade the audience to act in such a way that 
through their everyday activities on land, the quality 
of the water in the stream is maintained or improved 
rather than negatively impacted. Groups of three or 
four students collaborate to develop one presentation. 
They see models of effective presentations (view ex-
amples with this article’s online supplements), then 
take selected information from their water quality 

study and apply it to their assigned section of the pre-
sentation.

Students are assisted in tackling the challenge, 
which asks, “How do I adapt scientific research into 
an effective oral presentation?” Students learn the or-
ganization format for a persuasive speech, including 
elements of persuasion, as they investigate how au-
thors make decisions about language or story. They 
are introduced to the speaking skills that are essen-
tial to communicate effectively, asking, “How does 
language create or obfuscate meaning?” In addition to 

organizing the speech and develop-
ing a short PowerPoint presentation, 
students are coached on vocal and 
physical delivery skills. The overall 
presentation reflects best practices 
of oral, written, and visual commu-
nication, especially as they relate to 
communicating scientific data and 
arguments.

Explanations in ELA and 
history

In the previous example, the CER 
framework was used within sci-
ence, but a key part of our students’ 
experience is the use of the CER 
framework in two other content area 
classes—ELA and history. This expe-
rience serves to reinforce the ways 
of communicating within domains. 
In this section, we offer two brief ex-
amples of the language and approach 
used with CER in seventh-grade ELA 
and history. 

The CER framework is used in a 
variety of ways in ELA, such as dur-
ing passage explanation, in which 
students develop and support claims 
about the significance of a quota-
tion. In the development of claims, 
students are pushed to move beyond 
a literal understanding of a text. At 
the middle school level, such under-
standing can be reached by consider-
ing what a quote shows about a char-
acter or larger theme. While reading 
S.E. Hinton’s The Outsiders (1967), I 
ask students to make a claim about 
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A student explanation for the question “Did a chemical reaction occur when your teachers 
burned magnesium?” FIGURE 5

the meaning and significance of a quotation from the 
text. One student constructed the claim that suggests 
that a quiet character in actuality is brave (see this 
article’s online supplements for the student’s writing 
sample). The student then pointed to the fact that the 
character stood up to another character, Darry, as evi-
dence of bravery. The student explained the reason-
ing for this argument by writing that, because Darry 
is the scariest member of the gang, standing up to 
him shows bravery.

In history, one example of the use of the CER 
framework during a unit on civil rights and the Civil 
War was a writing task in response to the question 
“Do you agree with the historian Barbara Fields that it 
‘would take a century for former slaves and people of 
color to achieve the freedom they longed for’? Do you 
think the Civil War in some ways is still happening?” 
To engage with this prompt, students investigated the 
arguments for the Civil War from different historical 
figures using primary sources. We analyzed a docu-

mentary film and investigated the pieces of evidence 
used to make an argument in the film about civil rights 
and discussed the ways remnants of the Civil War can 
still be seen today. The example of the prompt and the 
scaffolds provided for this writing task are provided 
with this article’s online supplements.

Similar to the use of the framework in science and 
public speaking, when first learning the CER frame-
work, students can benefit from the use of prompts 
to scaffold their explanations. Examples of such 
prompts and scaffolds for both history and ELA can 
be found with this article’s online supplements. Over 
time, the prompts and scaffolding can be removed to 
encourage students to internalize and make use of the 
framework in more flexible ways. 

Synthesis

Be it a scientific explanation, persuasive speech, ana-
lytical essay, or passage explanation, variations on the 
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A student explanation for the question “Does acid 
rain make new substances?”FIGURE 6
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CER framework can assist students in making deeper 
connections between ideas and becoming more effec-
tive oral and written communicators. A common ex-
planation framework helps students navigate across 
disciplines and creates a cohesive, coherent, and 
meaningful experience for learners as they develop 
these complex explanation and argumentation skills 
within and across domains. We have found that over 
a year of using CER, students develop increasingly 
sophisticated explanations offering more elaborated 
claims and effective and aligned evidence (at times of-
fering and explaining multiple pieces of evidence and 
rebuttals), and they connect the claim and evidence 
to relevant and developed reasoning. The use of the 
framework across domains can facilitate the transi-
tion to full-length essays or more complex scientific 
explanations, as students have learned key compo-
nents of explanation and argumentation within and 
between body paragraphs. 

A common framework helps stu-
dents navigate across disciplines and 
still write in meaningful ways, all of 
which assist students toward develop-
ing key literary competencies. ■
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