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Communication is a critical component of the teaching and learning of mathematics, and 
classroom discourse is one way in which students communicate their ideas (NCTM, 2000). 
“Mathematical discourse includes the purposeful exchange of ideas through classroom 
discussion” (NCTM, 2014, p. 29). To participate in meaningful mathematical discourse, 
students need to critically listen to, ask follow-up questions of, and evaluate and describe 
the thinking of their peers, as well as attempt, compare, and contrast various strategies 
(NCTM, 2014). These behaviours parallel those outlined in the reasoning proficiency in  
the Australian Curriculum: Mathematics (ACARA, 2016). However, students need support  
in understanding their roles and responsibilities in a discourse community. Hufford-
Ackles, Fuson, and Sherin (2014) describe developmental levels through which students 
progress from answering questions only when prompted by the teacher and not sharing 
their thinking, to partaking in substantial mathematical discussions. The teacher plays 
an important role in advancing students through these levels and facilitating mean-
ingful mathematical discourse, which is one of the eight teaching practices for effective 
teaching and learning of mathematics presented in NCTM’s Principles to Action: Ensuring 

Mathematical Success for All (NCTM, 2014).
Discussions occur in a variety of configurations—between a pair of students, among  

a small group of students, and in a whole-class setting—and teachers need to purpose-
fully consider how to promote student-to-student conversations in each. For instance, 
Smith and Stein (2011) describe five practices for planning and facilitating whole-class 
discussions. As a classroom teacher, I considered how to enhance discourse in a different 
configuration. Specifically, I addressed the question: How can I foster student-to-student 
conversations while they are working in small groups? 

In this article, I share my journey in evaluating and modifying my practice to promote 
discourse between students while they are working collaboratively. The process is pre-
sented in four stages: (1) evaluating small-group dynamics, (2) evaluating small-group 
student-to-student communication, (3) evaluating teacher interactions with small groups, 
and (4) modifying teacher interactions with small groups. For each stage, I describe both  
what I did and what I learned about the nature of student conversations and/or my 
interactions with groups. Based on my experience as a teacher, I then developed and 
implemented a professional development (PD) model based on the four stages. I close the 
article by sharing the PD model and practical suggestions to follow so that you too, can 
foster student-to-student discourse in small groups.
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This article describes an action research project designed to help students improve 
the quality of their small group discussions. Practical classroom advice is included.
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Transitioning	to	student-to-student	conversations

I examined my practice by engaging in practitioner action research. Teachers participate  
in this type of research to study an aspect of their practice that they want to change. 
Action research involves repeated cycles of planning actions, implementing the actions, 
observing the outcomes of those actions, and revising the actions based on the obser-
vations. The decision to alter actions is grounded in the collection and analysis of data 
(Anderson, Herr, & Nihlen, 2007). I wanted to transition from teacher-to-student to stu-
dent-to-student conversations by modifying my interactions with students when working 
collaboratively. To do so, I conducted action research with one of my geometry classes, 
which consisted of 16 students organised into four groups of four students. To evaluate the 
small-group conversations, my interactions with the small groups, and the implications of 
those interactions, I audio-recorded each group and wrote notes on a daily basis after each 
class over a period of three months. The following sections elaborate on my experience 
going through the four stages with one of the groups of students: Laura, Beth, Ellen,  
and Kevin.  

Stage	1:	Evaluating	small-group	dynamics
Initially, I observed my students as they worked collaboratively. I noticed that the 
various groups in my class demonstrated different dynamics. For example, one group 
worked on the tasks, but each student worked independently of the others. In the focus 
group, Laura dominated the conversation sometimes at the expense of the ideas of her 
group mates, as demonstrated when the students were attempting to explain why two 
triangles are congruent. 

Laura: Okay.  So it’s saying are they congruent? So, if OK bisects the line,  
that means that it goes straight through the middle. So it goes straight  
through the middle. Okay. And then …

Ellen: I said …
Laura: … and then also these two lines are congruent.
Ellen: Do you want to know what I said?
Laura: And then this line bisects it, so these are congruent. These two angles   

are congruent.  So, that’s the information that we have. So …
Ellen: You guys …
Laura: And then we know that this is the same for these. So, it’s side-angle-side.
Groups also rushed to complete tasks without considering the quality and/or 

accuracy of their work. This was exemplified by Laura’s comment in response to an 
open-ended task in which I asked groups to identify as many relationships as possible 
between angles created by two parallel lines and a transversal: “And now so three 
and two are vertical. And then yeah … I don’t know how many relationships we can 
get out of this. Time to move on.” In all, the groups in my class exhibited ten different 
group dynamics organised into three different classifications: communication, quality 
of communication, and socio-cultural norms (first two columns of Table 1). The three 
classifications represent a continuum from initiating communication between all group 
members, to improving the quality of that communication, to establishing norms for a 
discourse community. I realised that I was going to have to differentiate my interactions 
with groups depending on the dynamics of each. 
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Table	1.	Descriptions	of	the	ten	different	group	dynamics	and	corresponding	example	teacher	interactions.

Classification/
dynamic Description Teacher	

interactions
Example	teacher	
interactions

Communication
Cannot work 
without teacher or 
dominant student

The group members need 
the teacher or a student, 
who typically leads the 
group, to initiate work on 
a task. There is either no 
communication or off-task 
conversations.

What are your 
questions?

Redirect questions  
to group.

Direct explanations  
to group members.

Refer to other 
resources.

Can you ask me a specific 
question?

Teacher restates student 
question directed at teacher  
to the rest of the group.

Explain that to your group 
members.

Where can you find the answer 
to your question?

Help/leave/silence The teacher initiates 
communication between 
group members about a 
task. The conversation 
terminates after the 
teacher departs.

Leave group with  
a task.

Follow-up on 
progress.

Each write down your explan-
ation and then compare it with 
those of your group mates.

Did you compare your 
explanations? What are the 
similarities and differences?

Own zones The group members 
individually work on  
a task.

Redirect questions.

 
Individual work 
and then compare 
strategies.

Could you answer her 
question?

Explain your strategies to each 
other and then compare them.

Non-participatory 
student

One or two group members  
are not partaking in the 
conversation about a task.

Explain what has 
been done.

Ask another student  
to explain.

Restate in own 
words.

Answer another 
student’s question.

Can you explain what they 
were just discussing?

Can you explain your strategy  
to him? 

To person being helped: Now 
what are you going to do to 
figure out …?

Could you help her with her 
question?

Quality	of	communication
Need appropriate 
first question

The group members have 
worked on a task and ask 
the teacher for help. To 
respond appropriately, the 
teacher needs to know what 
work has been done.

Explain what has 
been done so far.

Errors as opportunity 
for inquiry.

What did you do to figure out 
…?

Without directly identifying 
error, the teacher models the 
process of evaluating work.

Do you agree with what he 
did? Why not?

What is the difference between 
your strategies?

Student 
unsuccessfully tries 
to help another 

Despite one group member 
trying to help another, the 
group member receiving 
assistance remains 
confused, often not admit-
ting to her remaining 
questions. 

Restate in own words.

 
Agree with 
restatement.

Can you explain what she is 
saying/doing?

Do you agree with how he 
described your strategy/
reasoning? Why or why not?

Dominant student One group member dictates 
the conversation often 
minimising or completely 
overlooking the ideas of the 
other group members.

Restate in own words.

 
Highlight overlooked 
idea of another 
student.

Can you explain what they  
just said?

How did you (ignored student) 
solve the problem?

Continued	on	next	page
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Classification/
dynamic Description Teacher	

interactions
Example	teacher	
interactions

Socio-cultural	norms
Rush to complete 
task.

The group members’ 
priority is to complete 
a task with little to no 
assessment of the approach 
and/or solution.

Compare strategies.

Evaluate work of 
others.

Compare your answers/
strategies.

Can you determine which 
answers/strategies are correct 
and which are incorrect?

Teacher as only 
resource.

The group members 
perceive the teacher as 
the sole person who can 
provide help.

Redirect questions to 
group.

Ask student to 
redirect question  
to group.

Explain work to 
others.

Ask others to evaluate 
work.

A student asks the teacher a 
question. The teacher restates 
the question to the group.

Can you ask your question to 
them (other group members)?

Explain to the group what you 
did and maybe they can come 
up with a suggestion.

Do you agree with what he 
said? Why or why not?

Blindly accept work 
of others

One or more group 
members concur with 
erroneous reasoning.

Restate in own words.

Evaluate student’s 
ideas.

Can you explain it now in your 
own words?

Does that explanation make 
sense? Why?

Stage	2:	Evaluating	small-group,	student-to-student	communication
Since my goal was to improve student-to-student communication in small groups, I also 
had to formally evaluate the nature of the students’ communication. I started by using 
a framework, proposed by Dekker and Elshout-Mohr (2004), which is represented in the 
first four rows of Table 2. These four question-response pairs can occur in isolation or 
in a sequence with each subsequent pair demonstrating more complex student reason-
ing, from showing to clarifying to justifying to re-evaluating work. As I examined the 
transcripts of the recordings, I identified question-response pairs not represented in the 
framework. Therefore, I amended it by adding four more pairs (rows 5 through 8 in Table 
2). Question-response pair 5 is similar to question-response pairs 3 and 4, the difference 
being the initiator of the evaluation. Question-response pairs 7 and 8 do not necessarily 
represent complex reasoning; however, they are interchanges that occurred frequently 
and provided evidence of how the students were communicating with each other. 

Figure 1 shows the average number of occurrences per class of each of the question- 
response pairs for the focus group. With the increase in the complexity of reasoning from 
question-response pair 1 through question-response pair 4, there was a decrease in the 
frequency of these pairs. Although question-response pair 5 occurred quite often, the 
quality of this type of exchange was poor. For example, Laura incorrectly evaluated the 
truth value of a conditional statement and asked her group mates if they agreed with  
her decision:

Laura: So, what is that? If M isn’t the midpoint of AB, then AM doesn’t equal   
[MB] … yeah, that’s true too. They’re all true, right?

Beth: Um, I think so.
Kevin: If AM isn’t, um … yeah.
As demonstrated in the dialogue, overall, my students had difficulty critically listening 

to, evaluating, and critiquing another’s work. By understanding the strengths and weak-
nesses of my students’ communication, I was able to identify areas in which they needed 
support to enhance their small-group discourse. 
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Table	2.Framework	used	to	evaluate	students’	communication

Question/comment Example Response

From Dekker and Elshout-Mohr (2004):

1. A asks B to show work What did you get? 1. B shows own work

2. A asks B to explain work How do you do it? 2. B explains own work

3. A criticises B’s work Why don’t we just …? 3. B justifies own work

4. A rejects B’s justification Yeah, but … 4. B reconstructs own work

From Quebec Fuentes (2013):

5. A asks B to evaluate work … Right? 5. B evaluates A’s work

6. A suggests a strategy to the 
group

Why don’t we use a different 
strategy?

6. The group tries the strategy

7. A asks B a question about   
previously learned content

What is the relationship  
between …?

7. B answers A’s question

8. A asks B a practical question Are you supposed to do the whole 
sheet?

What’s 55 divided by 2?

8. B answers A’s question

 

Figure	1.		The	average	number	of	occurrences	per	class	of	each	of	the	question-response	pairs	(Table	2)	 
for	the	focus	group.

Stage	3:	Evaluating	teacher	interactions	with	small	groups
I also needed to evaluate my interactions with the small groups and examine the  
influence of these interactions on the student-to-student communication. I was surprised 
by what I learned.

Dialogue A (Figure 2) is an example of my early interactions with groups. The con-
versation clearly shows an alternating pattern of communication between me and only 
one group member. In addition, I commanded the conversation with teacher explanation 
about why the two lines must be parallel. My interactions with Laura are instances of 
‘product help’, questions or comments that focus on the mathematics content (Dekker 
& Elshout-Mohr, 2004). Aligning with findings of Dekker and Elshout-Mohr, providing 
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product help did not foster communication between the students in the group. In 
contrast, ‘process help’ focuses on and enhances student exchanges by encouraging 
student-to-student communication, in particular question-response pairs 1 through 6 
(Table 2). Dialogue B (Figure 2) includes an example of process help. Instead of answer-
ing Laura’s question, I directed her explanation to the group. As a result, I intervened 
minimally, and all of the other group members worked together to conclude that both 
strategies for determining the sum of the interior angles of a quadrilateral yielded the 
same result. Based on these observations, I concentrated on different ways in which  
I could provide process help, the focus of the following section.

 

Dialogue	A

Teacher 
Laura  
Teacher 
 
Laura 
Teacher 
 
Laura 
Teacher 
Laura 

They have to be parallel.
Because they’re alternate interior?
Mm-hmm. Remember that there were two different ways that we had our conjectures.  
We had the lines are parallel then we know the alternate interior angles are congruent.
Mm-hmm.
And we had the converse. We had that if the alternate interior angles are congruent,  
then we know the lines are parallel.
Aha. 
So, we’re using the converse here.
Okay.

Dialogue	B

Laura 

Teacher 
Laura 
Ellen 
Laura 

Teacher
Ellen 
Laura 
Ellen
Beth
Laura
Kevin
Beth
Laura
Beth
Laura

Ellen
Beth
Laura
Beth
Laura
Kevin
Laura

Guys, it’s the sum of all interior angles, whether we added these, all of them, or whether 
we added these, it’s going to equal the same thing. … [to teacher] Am I right?
So explain it [to your group].
This and this added together are just going to equal this anyway, and the same thing here.
Aren’t all the angles 90 anyway, angle of the square?
So, whether we just add these, as opposed to adding these little ones, it’s going to equal 
the same thing.
Okay, right.
Aren’t all the angles 90 anyway, angle of the square?
If it’s a square. Is it a square?
Quadrilateral.
So, 90 is split in half, right?
Yeah, so it’s …
45.
It’s going to be 45 as in a 90-degree angle. I think it’s 45.
Yeah, so they would all, they would all be 90, so … Ellen’s right.
So 45 plus 45 plus 90 would give you 180.
If it’s a regular polygon, they all have to be … it has to be equilateral. So, these would  
have to be 90.
Yeah
Yeah
So, the sum of the interior angles is 90 times 4. Kevin calculate?
Isn’t that 360?
What’s 180 times 2?
180.
360.

 Figure	2.	Patterns	of	teacher	and	student	communication.
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Stage	4:	Modifying	teacher	interactions	with	groups
I considered and tried various process-help interactions to improve the student-to-student 
communication while taking into consideration the various group dynamics discovered. 
For instance, for a group that cannot work without the teacher, the interactions need to 
focus on initiating conversation between group members. In comparison, when a student 
unsuccessfully tries to help another student, the goal of the interactions is to improve the 
quality of the communication between the students. In the scenario when a student views 
the teacher as the only resource for help, the purpose of the interactions is to modify this 
socio-cultural norm so that the student realises that his or her group members are also 
able to help. This was a cyclic process; that is, I tried interactions and examined whether 
they promoted student-to-student discourse (both when I was and was not present with 
the group) and improved the quality of the communication. If interactions were not suc-
cessful, I repeated the process with a new or refined interaction. 

I ultimately outlined sets of interactions that fostered student-to-student communica-
tion and aligned with each group dynamic (last two columns in Table 1). For instance, in 
the focus group, when Laura was dominating a conversation, I highlighted an overlooked 
idea of another student (Now, Ellen how did you do your number two?). Later, during the 
class, Laura inquired about Ellen’s approach to the problem.

Laura: I think you do it differently than I do?
Ellen: Yeah.
Laura: How do you do it?
This interaction enabled students, especially the dominant student, to realise that there 

are often various ways to solve a problem and that all students have helpful ideas to share.
As I continued to use process-help interactions with the groups, the quality of the  

student-to-student communication improved. For example, the following dialogue occurred 
when the focus group was identifying the properties of different parallelograms.

Laura: Wait, what about each diagonal bisects opposite angles…yeah, each   
diagonal bisects opposite angles. Yes.

Ellen Is that true for all of them?
Laura: Let me see your thing. Because each diagonal … like if this diagonal   

is going to the opposite angle it bisects it; or does it bisect it, you have  
to measure the angle measurement. Since yours is already drawn …

Kevin: What do you want me to do? I wasn’t paying attention.
Laura: Measure these … this angle and this angle, see if they’re like congruent  

because if they’re congruent because if they are then it is bisected.
Laura: So, these, no they’re not. So parallelogram it doesn’t. It does bisect.  

It bisects a rhombus. Yeah, it bisects a square.
Instead of blindly agreeing, Ellen questions Laura’s incorrect supposition leading to  

a re-evaluation of her idea. With persistent use of process-help interactions, conversations 
like this one, in which students listened to, asked questions about, and evaluated each 
other’s work, occurred more frequently. Students also valued these conversations. For 
instance, one student shared: “It is helpful because when everyone contributes ideas  
and solutions, a better answer [and] understanding of the question is the result.”

Working	with	other	teachers

After I transitioned from classroom teacher to teacher educator, I created a PD model 
guided by my experience of improving small-group, student-to-student communication. 
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Using the model, I worked with three teachers as they purposefully progressed through 
the four stages. We met every two weeks for a total of seven sessions (Table 3). During 
the first session, we examined standards, principles, and frameworks related to class-
room discourse (Hufford-Ackles et al., 2014; Leinwand et al., 2014; NCTM, 2000, 2014) 
and discussed the various group dynamics (Stage 1). For the next three sessions, we 
followed the general structure of engaging in one of the stages and preparing for the next 
stage. In between sessions, the teachers recorded their students from one class working 
in groups and submitted one or two recordings of one group to me for transcription. 
For example, in Session IV, the teachers evaluated the transcripts with respect to their 
interactions with the groups (i.e., product help or process help), we debriefed their find-
ings, and then we discussed the different process help interactions. For the last three 
sessions, the teachers repeated Stage 4, evaluating their interactions with the group  
and the student-to-student communication within the group, sharing their analysis,  
and identifying goals for the next iteration.  

Table	3.	Session	descriptions	for	teachers	working	through	the	four	stages.

Session Description
I Introduce classroom discourse.

Introduce various group dynamics.

II Stage 1: Evaluate small-group dynamics.
Introduce framework for types of small group student-to-student interactions.

III Stage 2: Evaluate small-group communication.
Introduce various types of teacher interactions.

IV Stage 3: Evaluate teacher interaction with small groups.
Introduce the various teacher interactions that can be used to foster and 
improve small-group student-to-student communication.

V Stage 4: Share experiences trying the teacher interactions, evaluate teacher 
communication with small groups, and evaluate small-group communication.

VI Stage 4: Share experiences trying the teacher interactions, evaluate teacher 
communication with small groups, and evaluate small-group communication.

VII Stage 4: Evaluate the changes in teacher communication with small groups  
and in the student-to-student communication over the course of the 
professional development.

In reflecting on their development through the experience, the teachers expressed how 
they were more intentional in their interactions with small groups, as exemplified by one 
teacher’s comments:

Before, groups were just an excuse to have the kids work together  
on problems. It was as simple as checking answers. Now, my groups  
collaborate, ask each other questions, and have a better ability to  
explain their reasoning to and for each other. I don’t just approach  
groups with the intent of helping guide them through a problem,  
but instead I facilitate and guide their discussions with each other.
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Your	turn

Similar to my experience and that of the teachers with whom I worked, you can examine 
and foster small-group, student-to-student discourse in your classes. A brief description  
of each stage as well as some guiding questions to consider are provided in the appen-
dix. My advice is to start small and focus on one or two groups within a single class. 
Remember also the cyclical nature of the process in Stage 4; you will repeatedly try and 
evaluate the effectiveness of your interactions with small groups. Finally, contemplate 
working with your colleagues in this endeavour. As time progresses, considering group 
dynamics, student-to-student communication, and your interactions with groups will 
become a part of your daily practice, and you will see continued growth in the  
student-to-student discourse.
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Appendix:	Four-stage	process	guiding	questions

Stage	1.	Evaluate	group	dynamics
Listen to your students while they are working in groups and take notes of the various 
group dynamics. Use the descriptions of the ten different group dynamics (first two 
columns in Table 2) to analyse the dynamics of the various groups in your class. 

• What are the dynamics that emerge in each of the groups in your class?
• Does each group display more than one dynamic?
• What are any dynamics that emerge but do not appear in Table 2?

Stage	2.	Evaluate	student	communication
Listen to or audio-record your students while they are working in groups.  
Use the framework in Table 2 to evaluate the student-to-student communication.

• What question/response pairs are occurring often?
• What question/response pairs are occurring less frequently?
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• What are any question/response pairs that you heard but do not appear  
in the framework?

Stage	3.	Evaluate	your	communication
Listen to or audio-record your interactions with students while they are working in 
groups. Compare your interactions with small groups to the dialogues in Figure 2. 
What is the nature of your interactions? 

• Are you providing help with the content (product help)?
• Are you interacting with one student only?
• Are you dominating the conversation?
• Do your interactions focus on helping the students communicate about the  

mathematics with each other (process help)? 
• Are multiple students responding to each other as a result of your interactions?
• Are the students talking more than you?

Stage	4:	Try	the	teacher	interactions
Try the teacher interactions in the last two columns of Table 1. Continue to listen to  
or record your students when they are working in groups both when you are and are  
not present.

• Is the quality of the student-to-student communication improving as a result  
of the interactions? If so, how?

• What interactions and in what situations are the interactions helping to improve  
the student-to-student communication? 

• What interactions and in what situations are the interactions not helping to 
improve the student-to-student communication? 

• Are you using any interactions that do not appear in Table 1?


