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In this paper we examine the efforts of one teacher working to improve her students’ communication
skills as part of a collaborative project with teachers and teacher educators/researchers. The paper
reports on a project meeting where the teacher presents a short video clip featuring two student
explanations. Yet only one explanation is treated in the lesson as an example of good communication.
Following discussion and multiple re-viewings of the video clip in the meeting, what counts as good
communication is critiqued by the teachers. Driven by an emphasis on the two-way nature of
communication, the need for joint sense-making between teacher and students, and privileging
explanations that communicate mathematical understanding, alternative teacher actions are
suggested during the meeting that are related to how different teachers interpreted the students’
explanation.
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Introduction

Students explaining mathematical ideas, relationships and reasoning is something that students often
find difficult to do, and teachers often find difficult to support students to do (Michaels & O’Connor,
2015). There is now a wealth of literature and research detailing the different ways in which teachers
can support students in their communications skills in mathematics including through their
questioning (e.g. Boaler & Brodie, 2004), how they follow up on students’ answers (e.g. Lim, Lee,
Tyson, Kim, & Kim, 2019) and by giving students time to think (Ingram & Elliott, 2016; Sohmer,
Michaels, O’Connor, & Resnick, 2009). One of the challenges is the need to provide students with
the opportunities and support to give explanations whilst at the same time ensuring that the content
of what students say supports the learning of all the students within the classroom, the difference
between the interactive and dialogic aspects, and the epistemic aspects (Erath, Prediger, Quasthoff,
& Heller, 2018). Whilst explanations can support students in developing new understandings of
mathematical ideas at the same time as accomplishing linguistic goals (Moschkovich, 2015) by
offering students opportunities to use mathematical terminology in meaningful ways.

Taking mathematical explanations to be “giving mathematical meaning to ideas, procedures, steps ,
or solution methods” (Hill, Charalambous, & Kraft, 2012, p. 63) an issue arises where ambiguities in
the mathematical meaning of what a student is saying arises. In this paper we focus on a particular
challenge that teachers can face when offering students the opportunities to explain their thinking —
where the teacher has difficulty making sense in the moment of what the student is saying. These
contingent moments place significant demands on teachers’ subject and pedagogic content
knowledge (Rowland, Thwaites, & Jared, 2015) both in terms of interpreting what students are saying
as well as making the decision of whether pursuing the line of thinking will be beneficial to other
students. At these points in time teachers have a range of talk moves or strategies (Howe, Hennessy,
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Mercer, Vrikki, & Wheatley, 2019; Michaels & O’Connor, 2015) which they could use such as
revoicing (O’Connor & Michaels, 1993), asking the student to elaborate on what they’ve said, asking
other students to elaborate or build on what has been said, or asking other students to agree or disagree
or contrast with what has been previously said, though often the most common reaction is to move
on to a new discussion. Where a teacher has difficulty making sense of what students are saying, it
can also be difficult for teachers to make connections with other student contributions or the original
task, or to support the student in improving the clarity of what is being said.

The interactional perspective taken in this paper (Blumer, 1969; Ingram, 2018) emphasises the
situatedness of explanations within the context in which they occur. What counts as an explanation,
and what counts as a mathematical explanation depends upon how they are treated by teachers and
students as they interact (Ingram, Andrews, & Pitt, 2019) as well as the sociomathematical norms
established in the classroom (Yackel & Cobb, 1996). This paper considers an example where an
explanation is offered, and therefore is treated as an explanation by the student, that is not treated by
the teacher in the moment as having mathematical meaning to the task being considered. This type
of situation is significant in that it highlights the distinction made by Erath (2016) between teachers
offering opportunities for students to give mathematical explanations, and teachers giving support for
students to give mathematical explanations.

Discipline of Noticing

The way of working with teachers described in this paper is based on Mason’s Discipline of Noticing
(2002) which combines reflective practice and action research. From this perspective, teachers shape
their own professional development by reflecting and acting upon their own practice with a supportive
group. The principle underlying the professional development is that by teachers noticing aspects of
their own practice, they become sensitised to noticing this aspect in the future which opens up
opportunities for acting differently (Mason, 2012). When working with videos of teaching, the
practice of giving accounts of before accounts for is key to reflecting on practice using what is
actually happening in classrooms, rather than our interpretations and impressions of what is
happening. Accounts of describe the video clip in a way that others can recognise, whilst accounting
for includes interpretations, explanations, justifications or criticisms (Mason, 2002, p. 41).

Method

Anna shared the clip of her teaching during a meeting involving 5 mathematics teachers and 2
mathematics teacher educators/researchers. The meeting used the CONCAYV (Collaborative noticing
through close analysis of video) approach based on Mason’s Discipline of Noticing (Mason, 2002,
2012). This involves teachers sharing and discussing a 2-3 minute video clip, chosen by them, of
their own practice. The meetings involved the analysis of the clip from the teachers’ own practice,
focusing first on accounts of before accounting for (Coles, 2013) what is seen in the clip, and then
considering alternatives for acting differently in the future. The meeting reported on is this paper
occurred half-way through the second year of a two-year project in which a group of mathematics
teachers from the same school met 6 times a year.

The data for our analysis in this paper are the verbatim transcripts of the meeting and Anna’s lesson,
with both teacher and student voices being recorded in the transcript as well as there being a record
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of what was displayed on the board in the classroom. Anna’s clip came from a Year 7 class (students
typically aged 11 to 12 years) in England. In order to reflect the close collaborative nature of the
project between the teachers and the researchers we have used the teachers’ and researchers’ own
words as often as possible in the analysis, and furthermore we make no distinction between the
contributions of teachers and researchers. We mark out instances of talk from the lesson transcript by
including these as extracts, whereas talk from the meetings is generally included within the body of
the text unless we are offering an example of an extended conversation from the meeting. Across the
project as a whole, all of the meetings were audio recorded. In addition, the teachers shared with the
researchers the video from all lessons they recorded, and not just those from which they chose clips
to share with the group.

Results and analysis
The Clip.

The CoNCAYV approach starts with the teacher presenting the

2-3 minute clip they have chosen for discussion. Anna

introduced her clip by commenting: “This is Year 7 and

they’ve done some work, previous lesson, on sequence, just

term to term rule of sequences and I’ve just put a picture up

on the board of pentagons linked together like a matchstick

pattern. They had to find the next couple of patterns and then Figure 1: Matchstick pattern
the 12" pattern.” (See Figures 1 and 2).

Figure 2: Number pattern

Typically the next step in the CONCAV approach is for the teacher to give an account of the clip.
Anna had been “trying to improve their communication skills” and one way she reported doing this
was by leaving students time, or pausing, and her attention during the discussion following the first
viewing of the clip was how she had been “doing displacement activities. You know what people do
when you don't like pauses? And, so | wrote on the board when the boy was thinking, to give people
thinking time. So, rather than them feeling so much on the spot, | busied myself doing something on
the board, so they could buy a bit more time.” She described the clip as showing improvement in the
students’ communication, but reported that Sam “knew exactly what he was doing, he just wasn’t
quite clear enough”.
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A critical feature of the CONCAYV approach is the re-viewing of the video clip. After the second
viewing of the clip the discussion focused on Sam’s explanation, given in Extract 1, of why there will
be 49 matchsticks in the 12 picture.
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so, um, why is it 49 then, Sam? Can you explain in your own words, please?

how do you get from five to nine? What are you adding?
four, four, four, four

what are you adding?

Four

yeah. Are you adding four there as well?

yeah

yeah. Are you adding four there as well?

yeah

you times four by seven

(0.8)

why?

you add twenty eight to it and then that
oh!

no, ‘cause if you times four by seven, we have seven until we reach like the
number at the top, seven till we reach 12, and then ;cause you’re adding four
every time, it’s four times even, like that, so that’s 28.

so four times seven is

twenty eight

so you think the answer is 28 sticks do you?
um

no, we agreed there was actually 49 sticks
yeah

yeah

um, you do, um and so it’s plus four each time
mm

so you do twelve times four plus one, because twelve times four, no four times
twelve is forty eight, so you have to plus one. Or if you do that, because it’s
just one more than the actual four times twelve, so you go four, eight, twelve,
so it’s four, nine, seventeen

okay

so | think Sam means (0.3) you have to have twenty eight more sticks.

Extract 1: Sam explaining why there are 49 matchsticks in pattern number 12

Anna stated at the beginning of the meeting that she chose the clip because although Sam had got the
right answer he had not communicated his ideas clearly. This meant that during the interaction with
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Sam in the lesson, she had “persevered with him, because | knew that, really, he knows what he was
doing and after a bit of thought he could do it”, but she also reached a point where she “lost the will
to live and moved to Sonia”. Following this second viewing of the clip Anna acknowledged that in
that moment, during the lesson she did not know “exactly what he meant”, and was not aware that his
reasoning was valid, that “he had got the right answer”. Thus Sam did not communicate what he was
referring to when he said that there were 28 matchsticks and he “wasn’t able to just argue that point”
in turn 67.

The discussion then turned to possible actions Anna could have taken instead of moving to Sonia,
and this represents the shift in the CONCAV approach from focusing on the specific case of the clip
to considering alternative ways of acting. Anna began by suggesting that she “should have stalled
for a bit longer and gone and watered the plants or something and let him think about it and then he
could have explained better.”” Laura then suggested that another possibility would be to use Sonia’s
explanation of what Sam means given in turn 75. This strategy involves treating Sonia’s explanation
as a model of “a clear explanation” and then asking Sam if “that is what you meant”. Yet this raised
another issue for Laura and Freya as illustrated in Extract 2.

Laura: But, giving him that ... yes, getting him to then be able to do that next time is
probably going to be hard, because he's just gone, "Yes, yes. What she said”.

Freya: Yes, that thing of making him say it, exactly what he meant, then or even talking a
bit about, "Why didn't I understand when you were saying it, but I've understood
when Sonia has? What's different about the way she explained what you meant?

Anna: I know. That's why we keep plugging away, don't we?

Freya: Yes, but if they're let off the hook by just letting someone articulate explain it and
they get to go, "Yes, | meant that," does that actually make him any more able to
do it next time?

Anna: No, it doesn't. So, tomorrow I'd put him on the spot again. We'll do another starter
similar to that and I'll ask him again.

Freya: I think some explicitly need teaching how to articulate something like that, don't
they?

Anna: Yes

Freya: Like you were saying you could have gone and watered the plants instead, but |

don't think he would have got there, because he doesn't actually know how to do it
any differently. He was saying it the best he could. It was only when he heard her
that he could see how it could be said.

Extract 2: Developing students’ explanations

The challenge of trying to improve students’ communication skills has become multifaceted for these
teachers, involving giving students time to think and to articulate their explanations, using students’
explanations as models, but also explicitly teaching students what it means to articulate an

159



Trying to improve communication skills: the challenge of joint sense making in classroom interactions

explanation. Yet so far, the discussion has not considered the mathematical nature of the explanations
being given. This shifts when Dave contrasts Sam’s and Sonia’s explanations in Extract 3.

Dave: although, I would say, out of the responses, he’s got the clear insight of the nth term
of arithmetic progression, so the a plus n minus 1 d. ((a + (n-1)d))

Anna: well, yes actually

Dave: whereas, some of the others are saying ‘right, I can see the formula that 1’ve got to
multiply by four and add 1’ without any idea of actually where that’s coming from.

Extract 3: Contrasting the mathematical nature of students’ explanations

The contrast becomes between an explanation that reports “the calculation that | did” and
explanations that focus on the mathematical meaning behind finding the nth term. This requires the
teachers to re-view the video once again in order to identify whether the students are making
connections to the image of the matchstick patterns in Figure 1, or connections to the numeric
sequences in Figure 2 or are solely reporting the calculation they did. This includes considering the
differences between (a) Sonia saying 12x4+1 and 4x12+1, (b) the formula 4n+1, (c) the first term
plus multiple common difference formulation 5 +11x4, and (d) Sam’s 21 + 7x4. This leads to another
possibility to support Sam in explaining his thinking by offering “sufficient variation in the examples
to actually highlight what he’s saying™. Thus offering another example, for instance another term
later in the sequence to identify or the twelfth term of the linear sequence 5, 11, 17, 23, 29 ... to
allow him to articulate his thinking on a similar problem, rather than just pausing.

The challenge these teachers are facing is that “you're not just trying to teach them how to find the
‘nth' term rule of a linear sequence, you're trying to teach them how to explain how they find it, which
is a whole different thing and means they've got to know what is a good explanation and what isn't,
which goes back to what do we accept as a good explanation? So, are we accepting, because 4 x 12
+ 11is49? Is that an explanation of why?”. In order to improve students mathematical explanations
we need to consider what counts as a mathematical explanation as well as to consider the discursive
moves to support students in articulating their explanations. We offer the example of the case of
Sam’s explanation and the CONCAYV approach as a contribution to the development of this aspect of
mathematical work of teaching.

Conclusion

In this paper we examined the efforts of one teacher working to improve her students’ communication
skills. Following discussion and multiple re-viewings of the video clip in the meeting, what counts as
good communication is critiqued by the teachers. Different future teacher actions were suggested
which related to the different interpretations of Sam’s explanation, in contrast to Sonia’s. Anna
focused initially on whether Sam’s explanation was correct and the issue being the clarity of his
explanation. She then suggested giving Sam more time to articulate his explanation until it became
clear. Laura focused solely on the clarity of Sam’s explanation and suggesting using Sonia’s
explanation as a model of clarity whilst also raising the issue of whether this would be sufficient to
enable Sam to give a clear explanation for himself. Finally, Dave considered the mathematical
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content of the two explanations given and suggested the inclusion of an extension to the task being
worked on or a similar task to enable Sam to explain across more than one example.

The CoNCAYV approach thus enabled the teachers to view the students’ explanations from different
perspectives in a collaborative setting, whilst focusing on the key issue of working on students’ ability
to communicate their thinking. This led to an emphasis on the two-way nature of communication, the
need for joint sense making between teacher and students, and consequently privileging explanations
that communicate mathematical understanding both in terms of clarity and in terms of their
mathematical content. The meeting also resulted in the identification of a range of potential actions
for responding to students’ explanations that are not clear, or where it is difficult to make sense of the
student’s explanation, in the future.

Acknowledgment
The project was supported by a grant from the John Fell Fund at the University of Oxford.

References

Blumer, H. (1969). Symbolic interactionism: Perspective and method. Englewood Cliffs, NJ, USA:
Prentice-Hall.

Boaler, J., & Brodie, K. (2004). The importance, nature and impact of teacher questions. In D.E.
McDougall & J.A. Ross (Eds.), Proceedings of the 26th annual meeting of the North American
chapter of the International Group for the Psychology of Mathematics Education (Vol. 2, pp.
773-781).

Coles, A. (2013). Using video for professional development: The role of the discussion facilitator.
Journal of Mathematics Teacher Education, 16, 165-184. https://doi.org/10.1007/s10857-012-
9225-0

Erath, K. (2016, July). How can teachers provide learning opportunities for oral explanations? Paper
presented at the International Congress on Mathematical Education, Hamburg, Germany.

Erath, K., Prediger, S., Quasthoff, U., & Heller, V. (2018). Discourse competence as important part
of academic language proficiency in mathematics classrooms: The case of explaining to learn
and learning to explain. Educational Studies in Mathematics, 99, 161-179. Retrieved from
https://doi.org/10.1007/s10649-018-9830-7

Hill, H.C., Charalambous, C.Y., & Kraft, M.A. (2012). When rater reliability is not enough: Teacher
observation systems and a case for the generalizability study. Educational Researcher, 41, 56—
64. Retrieved from https://doi.org/10.3102/0013189X12437203

Howe, C., Hennessy, S., Mercer, N., Vrikki, M., & Wheatley, L. (2019). Teacher—student dialogue
during classroom teaching: Does it really impact on student outcomes? Journal of the Learning
Sciences, 28, 462-512. Retrieved from https://doi.org/10.1080/10508406.2019.1573730

Ingram, J. (2018). Moving forward with ethnomethodological approaches to analysing mathematics
classroom interactions. ZDM Mathematics Education, 50, 1065-1075. Retrieved from
https://doi.org/10.1007/s11858-018-0951-3

Ingram, J., Andrews, N., & Pitt, A. (2019). When students offer explanations without the teacher
explicitly asking them to. Educational Studies in Mathematics, 101, 51-66. Retrieved from
https://doi.org/10.1007/s10649-018-9873-9

Ingram, J., & Elliott, V. (2016). A critical analysis of the role of wait time in classroom interactions

161



Trying to improve communication skills: the challenge of joint sense making in classroom interactions

and the effects on student and teacher interactional behaviours. Cambridge Journal of
Education, 46, 37-53. Retrieved from https://doi.org/10.1080/0305764X.2015.1009365

Lim, W., Lee, J.E., Tyson, K., Kim, HJ., & Kim, J. (2019). An integral part of facilitating
mathematical discussions: Follow-up questioning. International Journal of Science and
Mathematics Education, 18, 377-398. Retrieved from https://doi.org/10.1007/s10763-019-
09966-3

Mason, J. (2002). Researching your own practice: The discipline of noticing. London and New York:
Routledge.

Mason, J. (2012). Noticing: Roots and branches. In M.G. Sherin, V.R. Jacobs, & R.A. Philipp (Eds.),
Mathematics teacher noticing: Seeing through teachers’ eyes (pp. 35-50). New York:
Routledge.

Michaels, S., & O’Connor, C. (2015). Conceptualizing talk moves as tools: Professional development
approaches for academically productive discussions. In L.B. Resnick, C.S.C. Asterhan, & S.N.
Clarke (Eds.), Socializing intelligence through academic talk and dialogue (pp. 347-361).
Washington DC, MD, USA: American Educational Research Association.

Moschkovich, J.N. (2015). Academic literacy in mathematics for English learners. The Journal of
Mathematical Behavior, 40, 43-62. Retrieved from
https://doi.org/10.1016/j.jmathb.2015.01.005

O’Connor, M.C., & Michaels, S. (1993). Aligning academic task and participation status through
revoicing: Analysis of a classroom discourse strategy. Anthropology and Education Quarterly,
24, 318-335.

Rowland, T., Thwaites, A., & Jared, L. (2015). Triggers of contingency in mathematics teaching.
Research in Mathematics Education, 17, 74-91. Retrieved from
https://doi.org/10.1080/14794802.2015.1018931

Sohmer, R., Michaels, S., O’Connor, M.C., & Resnick, L.B. (2009). Guided construction of
knowledge in the classroom: The troika of talk, tasks and tools. In B.B. Schwarz, T. Dreyfus, &
R. Hershkowitz (Eds.), Transformation of knowledge through classroom interaction (pp. 105—
129). London, UK: Routledge.

Yackel, E., & Cobb, P. (1996). Sociomathematical norms, argumentation, and autonomy in
mathematics. Journal for Research in Mathematics Education, 27, 458-477.

Proceedings of the Seventh ERME Topic Conference on Language in the Mathematics Classroom 162



