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ABSTRACT

Rich classroom discussion, or discourse, has long been a recom-
mended pedagogical practice in K-12 math and science education.
Research shows that discourse is beneficial for all learners, but
especially for English learners and minoritized students in STEM.
Discourse helps develop students’ agency, academic language, and
conceptual understanding. Some K-12 computer science (CS) curric-
ula incorporate student discourse, but we believe it is under-used.
In this paper, we review how discourse helps students learn, dis-
cuss the use of discourse in CS and math education, share ideas for
promoting discourse in CS classrooms, and call on curriculum de-
velopers, teacher professional learning providers, and researchers
to support the increased use of discourse in K-12 CS education.
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1 INTRODUCTION

Imagine a middle school or high school computer science (CS)
teacher leading a whole-class discussion about the Scratch code in
Figure 1. The discussion might go like this:

Teacher: Who can tell me what these blocks of code do?

Student A: They make the sprite move when the arrow keys
are pressed.

Teacher: Close. Which arrow keys are you talking about?
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Figure 1: Scratch blocks for students to discuss.

glide - secs to x: = x position + - y: Yy position

glide . secs to x: = x position - - y: Yy position

Student A: Right and left.
Teacher: Good! Can someone tell me what the code (x position
+ stepSize) does?
Student B: Make the sprite go right?
Teacher: That’s right! And whatabout (x position - stepSize)?
Student C: Go left.
Teacher: Good.

Or it might go like this:

Teacher: Who can tell me what these blocks of code do?

Student A: They make the sprite move when the arrow keys
are pressed.

Teacher: Does anyone else have any ideas about what these
blocks of code do?

Student B: The top blocks are for the right arrow and the
bottom blocks are for the left arrow.

Teacher: Does anyone notice anything else?

Student C: The glide blocks are the same.

Student D: No they’re not.

Student C: Yes they are.

Student D: No they’re not! The top one has a plus sign and
the bottom one has a minus sign.

Student C: Really? [pause] Ohhhh, | see it!

Teacher: Good observation, Student D. What do you think the
plus sign and minus sign do?

Student D: Make the sprite go right and left?

Teacher: Does anyone agree or disagree with Student D?

Student E: | agree because adding to x will make it bigger and
when x gets bigger, the sprite moves right. Taking away from
x does the opposite.
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The first statements by the teacher and Student A are the same
in these hypothetical dialogues, but from there they diverge. The
first dialogue is a common teacher-directed question-and-answer
routine that follows the Initiate-Response-Evaluate (IRE) pattern of
questioning [4, 8]. In the IRE pattern, teachers initiate by asking
a question and are typically looking for a certain answer. These
types of questions are called display questions since the goal is for
students to display their knowledge so the teacher can check for
correctness. When a student responds to the question, the teacher
then evaluates the response for correctness. The pattern repeats
with a new question [32]. IRE is a default pattern of
questioning. All teachers use it and less experienced teachers
tend to rely on it [3]. Unfortunately, the IRE pattern of
questioning limits student agency. The teacher decides how the
topic develops, who gets to talk, and who is "right" [18].

The second dialogue is more freeform. Instead of evaluating Stu-
dent A's response, the teacher solicits more ideas from the class. In
the middle of the dialogue, Students C and D have a direct exchange
where they disagree with each other. The teacher then asks Student
D to be more explicit about what they are noticing and why they
think those differences matter, then invites the rest of the class
to engage with Student D’s thinking. In this dialogue, the teacher
is asking open-ended questions that encourage further discussion
and debate. We summarize literature to explain why this supports
student learning in Section 2.

A key difference between the two dialogues is in the chain of
speakers. In the first dialogue, students only respond to direct ques-
tions from the teacher. In the second dialogue, several student
responses are chained together. The second dialogue does a better
job of centering student thinking and giving students voice and
agency in their computer science class.

In this position paper, we argue for the increased use of class-
room discourse in K-12 computer science classes because it helps
broaden participation and improves student learning. When we
refer to "discourse” or "rich classroom discussion”, we are referring
to a discussion like the second dialogue in which students interact
directly with each other to share and analyze their ideas about
the content. First, we will provide an overview of the positive ef-
fects of classroom discourse and the mechanisms that drive these
effects. Then we will review some examples of how K-12 CS and
math curricula support classroom discourse. We conclude this pa-
per with some ideas for bringing more rich discourse into K-12 CS
classrooms and how curriculum developers, teacher professional
learning providers, and researchers can support this effort.

2 HOW DISCOURSE HELPS STUDENTS LEARN

Computer science and other science, technology, engineering, and
math (STEM) disciplines place great demands on students’ language
skills. Students must read and understand problem prompts and
make sense of new words like "boolean” or discipline-specific uses
of words like "variable" or "assignment”. Supporting students’ lan-
guage development in STEM disciplines is an important aspect of
building student success in these fields [36].

A key purpose of rich classroom discourse is to model sense-
making and reasoning for students. While teachers often feel in-
clined to call on students who are likely to have the right answer,
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rich classroom discourse makes space for students to share their
incomplete or incorrect ideas. Teachers treat errors as opportunities
to further their students’ understanding, asking follow-up ques-
tions that prompt students to think more deeply about the problem.
Through this type of discourse, students can come to understand
their teacher isn’t the arbiter of "correctness". Instead, they learn
there is a logic and structure to the discipline and they are capable of
reasoning through it [22].

Discourse also helps build student agency and motivation and
turns classrooms into communities of learners. Research suggests
five principles when designing instructional materials to motivate
learners: 1) creating a sense of belonging, 2) building students’ con-
fidence, 3) developing a mastery orientation towards learning, 4)
supporting students’ autonomy, and 5) creating personal relevance
to students [13, 15]. Discourse supports the first four of these prin-
ciples [14]. When students, particularly minoritized students, are
encouraged to talk more in class and share their individual solutions
to problems, they feel their ideas are more valued [22, 35].

There is strong evidence of the power of student discourse and
other methods of eliciting deep student explanations, especially
for English learners [8]. This evidence comes from laboratory and
classroom studies, experimental studies and meta-analyses, and
multiple academic subject areas. When students engage in rich
discussion and deep questioning they improve their comprehen-
sion of the material [9, 24]. Because of this strong evidence base,
classroom discourse has been widely promoted as a pedagogical
technique in math and science classes throughout the United States
[18, 19, 21, 23]. However, discourse is less common in CS education.

3 DISCOURSE IN K-12 CSEDUCATION

3.1 Discourse in CSframeworks and standards

The CS education community has recognized the importance of col-
laboration and communication around computing, but there is little
mention of rich classroom discourse like the second dialogue in the
introduction. The K-12 CS Framework describes seven core prac-
tices for computational literacy, three of which explicitly address
the social aspects of computing [12]:

Practice 1. Fostering an inclusive computing culture
Practice 2. Collaborating around computing
Practice 7. Communicating about computing

Each of these practices asks students to engage with others and
solicit their perspectives, feedback, and ideas. While students can
engage with these practices through the written word, students
could also talk with others.

The Computer Science Teachers Association (CSTA) K-12 stan-
dards, which inform many states’ CS standards, link each standard
to a computing concept area and a practice. However, the detailed
descriptions of Practices 1, 2, and 7 in the K-12 CS Framework
[12] and the standards linked to these practices [7] largely focus
on having students capture and address diverse user perspectives
(Practices 1 and 2), develop working relationships and team norms
(Practice 2), present data (Practice 7), and create documentation
and give attribution (Practice 7). Other standards that connect to
Practice 7 focus on using terminology and describing or explaining
aspects of computation, all of which can be achieved through a
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one-way communication. Only one standard, 3B-1C-281, explicitly
requires an exchange of ideas. There is little to suggest, in the frame-
work or the standards, that students should share and discuss their
ideas as a way to build their conceptual understanding.

3.2 Elementary Computing for All

The Elementary Computing for All (ECforAll) curriculum is a CS
curriculum that intentionally includes discourse practices. There
are multiple activities that encourage students to talk with each
other [27]:

(1) Turn and Talk. During these activities, students pair up
with a classmate and discuss their responses to a problem
prompt, such as "Which scripts do the same thing?"

(2) Structured Pair Programming. The curriculum’s pair pro-
gramming activities are accompanied by sentence frames.
These sentence frames provide linguistic support for stu-
dents who are English learners and model appropriate lan-
guage for navigating the social aspects of pair programming.
For example, the sentence frame "It's my turn to type. What
should I add?" reinforces the roles and expectations for the
pair programming exercise. A quieter student could use this
frame to speak up when it’s their turn to be the "driver" who
inputs the code.

(3) Presentation and Reflection. There are a variety of activi-
ties in the curriculum that give students the opportunity to
present their work and reflect on what they learn. The cur-
riculum also includes sentence frames to support students’
reflections, like "We used loops in our project in order to
__ "or"l'had a hard time

The developers of the CSforAll curriculum created these dis-
course elements with the goal of supporting English learners [27],
but prior research on discourse practices suggest they could be
beneficial for English proficient students as well (e.g., [9]).

3.3 Other Curricula

There are other CS curricula that include discussion elements, but
they seem less intentionally developed than what we see in the
ECforAll curriculum or the math curricula described in Section 4.
For example, many lessons from Code.org’s curricula include at
least one discussion segment. This is the guidance for the warm-up
discussion in Lesson 23 of Code.org’s CS Fundamentals Express
Course [6]:

Discuss: How do computer programs ask us for in-
formation?

Discussion Goal: Students should think about their
own experiences as users and times when a computer
asks them for information. There are lots of ways to
input information into a computer, but focus on ideas
where something is typed into a prompt for now.

This guidance could yield a rich classroom discussion if the
teacher is skilled with facilitation. However, it is easy to imagine
an IRE-style question-and-answer session in which the teacher

13B-1C-28: Debate laws and regulations that impact the development and use of
software
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sequentially calls on students, each of whom responds with a single
word or a short phrase.

4 DISCOURSE IN K-12 MATH AND SCIENCE
EDUCATION

In this section we provide two concrete examples of how discourse
is supported in specific K-12 math curricula. These are far from
the only STEM curricula which support discourse practices, but we
have chosen to describe a small number in more detail in order to
provide readers a deeper understanding of how discourse can be
integrated into lessons. These examples inform our suggestions for
supporting discourse in K-12 CS curricula in Section 5 and our calls
to action in Section 6.

4.1 [Illustrative Mathematics

lllustrative Mathematics (IM) is a problem-based K-12 math cur-
riculum that emphasizes inclusive teaching practices [10]. A key
feature of IM is the incorporation of eight Math Language Routines
(MLRs) to support teachers and students in their use of mathemati-
cal language [36]. In this paper, we focus on MLR7: Compare and
Connect.

In Compare and Connect, students compare and contrast differ-
ent representations and approaches to the same problem. Students
explain when or why a particular approach should be used. An ex-
ample of Compare and Connect appears in Unit 1, Lesson 19 of the
sixth grade IM curriculum [11]. This lesson focuses on surface area.
Students first work with a partner to study pictures of different tent
styles and their specifications. Then they individually design their
own tent and calculate its surface area to estimate the amount of
fabric needed to construct the tent.

The teacher then pairs up students who created tents with similar
overall capacity but different designs (e.g., a tent shaped like a
triangular prism vs. a tent shaped like a pentagonal prism). The
students then do the following:

(1) Explain your tent design and fabric estimate to your partner
or partners. Be sure to explain why you chose this design
and how you found your fabric estimate.

(2) Compare the estimated fabric necessary for each tent in your
group. Discuss the following questions:
¢ Which tent design used the least fabric? Why?

e Which tent design used the most fabric? Why?
* Which change in design most impacted the amount of
fabric needed for the tent? Why?

This lesson also includes prompts for whole-class discussion that
could be used for wrap-up.

The Math Language Routines can be adapted for specific content
and classroom needs. The routines are designed to help students
learn how to describe and communicate their thinking to others,
make sense of concepts and representations, cultivate conversations
between students, and reflect on their own ideas and reasoning
[31, 36]. In section 5.1, we provide an example of how Compare
and Connect can be adapted for a computer science context.
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..................................................................

Jody saved $90 this week. This is 60% of the amount she earned.

How much did she earn?

LR L R P T )

o .
Student Thinking
First | restated the problem, "60% of the original amount Jody
earned is equal to $90.” That helped me write an equation.
= ~ | divided both sides of the equation by 0.6 to solve for n.
Anjuli
150
60 % n=HR%0 0.6f40.0.
0.6+n = 90 b
n=HIs0 Jody eacred §150 S0

"B 5 Since “of” means multiply, | wrote an equation to find 60% of @

\?/l $90. She earned $54.
S
Lan 60% 490 =n 9
0.( « §70=n 0.l
5470 -9

Figure 2: The Starter Problem from Unit 6, Lesson 9 of Math Pathways & Pitfalls—Percents, Ratios, and Proportions with Algebra
Readiness: Lessons and Teaching Manual, Grades 6-8 (2010) by Carne Barnett-Clarke, Alma Ramirez, and Debra Coggins [1].

Used by permission from WestEd.

Table 1: Student and teacher discussion supports provided in Math Pathways & Pitfalls [33].

Support for... Examples

Discussion Builders (sentence frames for students)

. . | have an idea...
Presenting alternative ideas ave an idea

I have a question about

Expanding on others’ ideas | agree/disagree with

Would that be true if ...?

Posing additional questions Is there another way?

I wonder what would happen if...

's idea....
's idea because....

Clipboard Prompts (discussion prompts for teachers)

Understanding the problem
Understanding the solution process

Reflecting on and extending the

problem correct?

Who can explain what this problem means —not how to solve it —what does it mean?
Can someone else help us clarify this idea? Who has another way to help us understand it?

Explain how you know this answer makes sense. How could you check? How can we prove it is

From Math Pathways & Pitfalls—Percents, Ratios, and Proportions with Algebra Readiness: Lessons and Teaching Manual, Grades 6-8 (2010) by Carne
Barnett-Clarke, Alma Ramirez, and Debra Coggins [1]. Used by permission from WestEd.

4.2 Math Pathways & Pitfalls

Math Pathways & Pitfalls (MPP) is a K-8 supplementary math cur-
riculum [33]. Each MPP lesson opens with a Starter Problem that is
designed to elicit a common misconception, or pitfall. Students first
solve the problem individually. Then students talk with a partner
to make sense of two solutions from fictional students: an "OK"
solution that demonstrates correct reasoning and a "Pitfall" solution
that includes an error or a common misconception (see Figure 2).
The teacher then facilitates a whole-class discussion, selecting and
highlighting important points of discussion from the pairs. The
whole-class discussion is intended to draw out key mathematical

ideas in the Starter Problem. Students record these ideas in their
lesson packets and then apply them during more problem-solving
later in the lesson. To help support teachers and students in creat-
ing rich classroom discussions, the MPP curriculum also includes a
series of sentence frames, called Discussion Builders, and a series of
"clipboard prompts" that teachers can use to probe students’ think-
ing and direct the discussion (see Table 1). A large-scale randomized
trial of the MPP curriculum with a geographically, ethnically, and
linguistically diverse student sample found it improved students’
performance on standardized mathematics assessments, especially
for Latine students and English learners [9].
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4.3 Key Takeaways from the Examples

We provided these examples of discourse-focused curricula in or-
der to highlight three key ideas. First, rich discussion requires

a system of supports. Both lllustrative Mathematics and Math

Pathways & Pitfalls have structured approaches to initiating and

facilitating student talk. These structures are built into lessons and

repeat throughout the curriculum. Successful classroom discourse

does not happen spontaneously. In order to maintain the rigor of

the discussions, teachers should establish recurring routines so all

students know how to participate. Otherwise, both students and

teachers might struggle with finding the right words or not knowing

who should get a turn to speak [18]. Second, rich tasks are needed

to elicit rich discussion. The tasks and prompts from these ex-
amples do not have obvious short answers. Each of the example

tasks requires students to first make sense of the problem and con-
text and then to think deeply about mathematical concepts. Third,
rich discussion uses incomplete and incorrect ideas as learn-
ing opportunities. Many of the structures to support discourse

use incorrect ideas as a way to get students to think more deeply

about the underlying concepts and their problem-solving strategies.
Other times, students’ ideas are incomplete because they struggled

with the problem and ran out of time. Productive discourse often
requires a mindset shift from both students and teachers. Teachers

must be comfortable with highlighting ideas and work that are not

completely correct. Students must feel safe in order to share their

ideas freely without fear of embarrassment. Margulieux et al. have

argued for this type of pedagogy in CS education [16]. In the next
section, we present some ideas to illustrate how discourse can be

used to further CS student learning.

5 |IDEAS FOR DISCOURSE PRACTICES IN K-12
CSEDUCATION

5.1 Discourse on Data

The authors modified and piloted a lesson from Code.org’s CS Dis-
coveries course to help middle school students engage in discourse
(see [17] for a detailed discussion of this experience). In this lesson,
which is based on CS Discoveries Unit 5, Lesson 10: Structuring
Data [5], students learn strategies for cleaning data and explore the
trade-offs involved when cleaning a data set.

The modified lesson begins by introducing students to the ques-
tions of the day: 1) What do data scientists need to do to make data
usable? 2) What are the tradeoffs in cleaning data? Then students
work in pairs to create graphs of data from a fictitious survey on
students’ pizza preferences. The data set includes many responses
that are "Pepperoni” and "Cheese;' but also misspellings, variations
in capitalization, and unique non-standard responses, such as "I’'m
allergic to mushrooms," "Anything is good," and "I'll be absent next
week." Students must decide how to categorize these responses in
the data set. After creating graphs, students follow the Compare
and Connect language routine as each pair of students teams up
with another pair to share their respective graphs. Students discuss
"What's the same?" and "What's different?" between the two graphs.
Teachers offer, model, and practice the sentence frame, "We chose
to put here because ! For example, students may re-
spond with, "We chose to put 'Mushrooms’ with 'Vegetarian’ since
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vegetarian pizza usually has mushrooms on it," or "We chose to put
"Mushrooms’ in a category called 'Other’ since only one person said
"Mushrooms.™ Following this activity, students engage in a second
activity with a different data set and again use the Compare and
Connect language routine to discuss their work. Students reported
high engagement with this lesson during the pilot [17].

The original lesson from Code.org does include several opportu-
nities for class discussion. For example, one suggested prompt is
"What changes did you need to make to the data? Was there any
that you just needed to throw away completely? Why?" However,
we did not feel these prompts provided enough support for rich
classroom discourse instead of an IRE-style question-and-answer.
One of the key changes we made to the lesson was to routinize
the discussion and use Compare and Connect, which was famil-
iar to students from their math classes. Another key change we
made was to provide students with a sentence frame, which is a
commonly-used pedagogical technique to support English learners
in classroom discussion (e.g., [9, 27]). Sentence frames will also
help English-proficient students focus on content of their responses
instead of the way to frame it [18].

5.2 Discourse on Debugging

Discourse can help students learn to read, comprehend, and debug
code, which are all prerequisite skills for fluent programming [34].
This example (see Figure 3) is modeled after the Starter Problem
from Math Pathways & Pitfalls. Students first see a programming
prompt: Write code so the sprite will count down from 10 to 1
and then stop. Students can spend some time trying to program a
solution on their own. Then, students see two snippets of code.
The code on the left produces the expected output. The code on the
right is buggy. The snippets are labeled so there is no question as to
which is which. Students explain to partners and/or the whole class
why one solution works and the other does not. In this specific
example, students could discuss the differences between the repeat
(10) block, which is a definite loop, and the forever block, which
is an infinite loop. Teachers could select alternate solutions that
students programmed and display them next to the code in Figure 3
and ask students to compare the different solutions.

Write code so the sprite will count down from
10 to 1 and then stop.

v ©X

o conte o0 @) st comt+ 0 @)

Figure 3: Example of a programming prompt and correct
(left) and buggy (right) code in response.
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6 CALLSTOACTION

6.1 Developing K-12 CSInstructional Materials
that Support Discourse

Instructional materials need to include explicit supports for rich
classroom discussions. Simply including discussion prompts is not
suficient, as many teachers will default to an IRE-style question-
and-answer routine [18]. It is important to create consistent, recur-
ring routines like those presented earlier in this paper. In addition,
instructional materials should help teachers purposefully cultivate
a classroom culture of trust and respect, especially for students
who may be most familiar with IRE-style questioning where the
focus is on correct answers. Students take a risk when sharing their
thinking with others and often feel vulnerable [18].

lllustrative Mathematics embeds Math Language Routines into
every lesson starting with Unit 1, Lesson 1. The introductory lessons
include additional teacher guidance and time so students can learn
the structure of the routines with basic math concepts. By Unit 2,
students and teachers will have internalized the routine, allowing
them to focus on the mathematical ideas that students are building
and connecting. Math Pathways & Pitfalls introduces the practices
and norms of class discussion to students over three days, before
they begin to discuss any math problems. Over these three days,
students practice with the different types of Discussion Builders
(Table 1), watch a video of a real student discussion during an MPP
lesson, and then discuss how the students in the video explain their
ideas and show respect for each other even when disagreeing. Every
lesson after this three-day introduction follows the same format,
beginning with a Starter Problem and discussion of the OK and
Pitfall solutions.

6.2 Preparing K-12 CS Teachers to Facilitate
Classroom Discourse

Facilitating classroom discourse requires teachers to understand
the subject matter, how student knowledge of that subject matter
develops, and be able to quickly react to student ideas with follow-
up prompts to create rich discussion that moves to a conclusion
and newly-developed shared understanding of the content. Many
teachers find facilitating discourse to be a daunting task, but there
are methods to help teachers plan for and structure student dis-
cussion. Smith and Stein designed five practices to help teachers
facilitate classroom discourse [28, p. 9-10]:

(1) anticipating likely student responses to challenging tasks
and questions to ask students who produce them;

(2) monitoring students’ actual response to the tasks (while
students work on the tasks in pairs or small groups);

(3) selecting particular students to present their work during
the whole-class discussion;

(4) sequencing the student responses that will be displayed in
a specific order; and

(5) connecting different students’ responses and connecting
the responses to key ideas

Using these practices requires significant knowledge of the con-
tent and of teaching. CS teacher professional learning should help
teachers understand common student errors and what kinds of
responses might reflect more or less mastery of different concepts.
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Professional learning can help CS teachers develop different "talk
moves" to shape and guide discussions while still giving students
autonomy. For example, prompts like "Who wants to add on?" can
invite students to link their ideas together while "Why do you think
that?" or "Take your time; say more" can help draw out deeper
explanations from students [18]. MPP’s Clipboard Prompts (Table
1) provide teachers with a series of talk moves that they can literally
carry with them on a clipboard if they wish.

It can also be helpful for CS teachers to practice engaging in
this type of discourse themselves. When teachers learn how to use
the Math Language Routines in Illustrative Mathematics, they first
participate in the routines through the lens of a student. They also
watch a classroom video to see how students might engage with
the routine. Teachers then reflect on the purpose of the routine,
how it happens, and how the routine supports students to develop
language and math understanding.

6.3 Further Research to Support Classroom
Discourse in K-12 CS Education

Researchers also have a role to play in supporting classroom dis-
course. In order to prepare teachers so they can successfully an-
ticipate, select, sequence, and connect their students’ ideas in a
discussion, we need a better understanding of how students learn
computing concepts. K-12 CS teachers often need further support in
understanding how CS content standards break down into smaller
learning targets and how to use students’ work to identify their
level of mastery [2]. Researchers should continue to do work like
the Learning Trajectories in Elementary Computing (LTEC) project
[25, 26] so we know more about how students’ understanding of
computing concepts builds. Work to map out students’ learning
trajectories should also be integrated with work on student mis-
conceptions (e.g., [29, 30]). Often, students’ misconceptions are
not wholesale misunderstandings, but an incomplete understand-
ing of when certain principles apply or when certain procedures
should be followed. Misconceptions can be an important marker
on a student’s learning trajectory—an indicator that, with the right
instructional push, a student can improve their understanding [20].

7 CONCLUSION

In this position paper, we have summarized literature that shows
how rich classroom discussion supports student learning in STEM
subjects, particularly for English learners. We have provided exam-
ples of how different curricula support these types of discussions
and suggested ways to fit discourse into K-12 CS instruction. We
encourage curriculum developers, professional learning providers,
and researchers to embrace the use of classroom discourse as a
potent pedagogical technique to broader participation and increase
equity in K-12 CS education.
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